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,  III  Astranomica]  Tables,  &c,  it  UMd  for  meridJonal  pf  bodies;  tnd  being  impelled  by  the  forc«  of  penrussinn, 
VI  southern  ;  and  sonietimes  for  meridiftn,  or  mid-day.—  ^^  <s  incomparably  greater  than  any  of  the  other  powen. 
Id  the  Roman  nuincralion,  it  denotes  n  thousand.  The  screw  is  useful  for  corapresting  or  squceiing  boditv 

MACHIN  (Johh),  a  v(;ry  dintinguisbed  mathematician.     to|etber,a>id  also  for  raising  very  heavy  weights  to  a  small ' 
^  was  some  tinit  proft-swr  of  astronomy  at  G  res  ham-col  lege,     height ;  its  great  friction  is  even  ,of  considerable  use,  to 

i  (to  which  he  was  elected  May  l6, 1713,  onibe  resignation     preserve  the  effect  already  produced  by  the  machine. 

*  of  Dr.  Torriaiio,)  and  secretury  of  the  Royal  Society,  died  Compomfd  Machike,  is  formed  front  these  simple  ma- 

ffv  June  9,  1751.     His  papers  in  the  Philos.  Trans,  were,  1.     chines,  combined  together  for  different  purposes.     The 

"V  To  find  the  curve  which  a  di'scending  body  describes  in  the     number  of  compound  machines  is  almost  infimte;  and  yet 

^  shortest  time,  vol.   30 ;   2.  On  a  Distempered  Skin,  vol.      it  would  teem  that  the  ancients  went  far  beyond  the  mo- 

s  37 ;  3.  A  Solution  of  Kepler's  Problem.     Besides  these,  dems  in  the  powers  and  effects  of  them  ;  especially  tbdr 

t^  by  an  approximating  series  of  Dr.  Halley's,  Mr.  Machin     machines  of  war  and  architecture, 

■;  computed  the  circumference  of  the  circle  to  100  plocesof  Accurate  descriptions  and  drawings  of  machines  would 
^  figures.  And  another  ingenious  approNimating  series  of  he  a  very  curious  and  ueeful  work.  But  to  make  a  col- 
his  own  is  ^ven  in  Mr.  Jones's  Synopsis  Pal marior urn  '^clionofthia  kind  as  beneficial  as'possible,  it  should  con- 
Matbesaos,  1706,  the  investigation  of  which  was  first  given  ti'B  also  an  analysis  of  them  ;  pointing  put  their  advatv- 
in  Dr.  Mutton's  Mensuration,  1772.  Mr.  Machin's  Laws  tfges  and  disadvantages,  with  the  reasons  of  the  construc- 
of  the  Moon's  Motion  we're  printed  in  Mo tte's  translation  tions;a1so  the  general  problems  implied  in  these  con-^ 
.of  Newton's  Principia.  structions,  with  their  solutions  Sec,  should  be  noticed. 
Machine, denotes  any  thing  that  serves  to  augment,  Though  a  complete  work  of  this  kind  be  still  wanting,  yet 
or  to  regulate  moving  powers  :  ur  it  is  any  body  destined  many  curious  and  useful  particulars  may  be  gathered  from 
to  produce  motion,  so  as  to  save  either  time  or  force.  The  Strada,Besson,  Beroaldus,  Augustinus  de  Ramellis,  Bock- 
word,  in  Greek,  signifies  an  invention,  orart :  and  hence,  ler,  Leopold,  Beyer,  Limpergh,  Van  Zyl,  Perault,  and 
in  strictness,  a  machine  is  something  that  consists  more  in  others;  a  short  account  of  whose  works  may  be  found  in 
art  and  invention,  than  in  the  strength  and  solidity  of  the  WolGi  Commentatio  de  Prsecipuis  Scripiis  Mnthemalicis  ; 
materials ;  for  which  reason  i(  is  that  the  inventors  of  ma-  £lero.  Mathea.  Univ.  torn.  5,  pa.  84.  To  these  may  be 
chines  are  called  Ingenieurs,  or  Engineers.  added,  Betidor's  Architecture  Hydraulique,  Desaguliers's 
Machines  are  either  simple  or  compound.  The  simple  Course  of  Experimental  Philosophy,  Hmcrson's  Mechanics, 
machines  ara.  the  6  mechanical  powers,  viz,  the  lever,,  and  Dr.  Gr^ory's  Mechanics,  which  contains  a  descrip- 
puUey,  wheel-and-axle,  inclined  plane,  uedge,  and  screw;  tionof  a  great  number  of  the  most  useful  and  modern  ma- 
which  are  othcnvise  called  the  simple  mechanic  powers,  chines.  7%e  Royal  Academy  of  Sciences  at  Paru  have 
The  balance  ^i&o  in  a  lever.  also  given  a  collection  of  machines  and  inventions  ap- 
These  simple  machines  serve  for  different  pnrpo«es,  proved  of  by  them.  This  work,  published  by  M.  Gallon, 
according  to  their  different  structures;  and  it  is  the  busi-  consists  of  6  vols.  Jn  4ta,  containing  engraved  draughts  of 
ness  of  the  skilful  raecbuniit  to  choose  and  combine'  the  machines,  with  their  descriptions  annexed, 
ibeoi,  in  the  manner  that  may  be  bc^t  adapted  to  produce  Machifk,  Architeclmncat,  it  an  assemblage  of  pieces 
the  desued  effect.  The  lever  is  a  very  useful  machine  fbr  of  wood  so  disposed  as  that,  by  means  of  ropesand  pulleys, 
many  purposes,  its  power  being  readily  varied  as  the  occn*  a  small  number  of  men  may  raise  great  loads,  and  lay 
sion  may  require;  when  weights  are  to  be  raised  only  a  them  in  their  places;  such  as  craoca,  &c. — It  is  hard  to 
little  way,  such  as  stones  out  of  quarries,  Ixc.  On  the  conceive  what  sort  of  machines  the  ancients  must  have 
other  hand,  the  wheei-andaxlc  serves  to  raise  weights  used  to  raise  thoae  immense  stones  found  in  some  of  the 
from  the  greatest  depth,  or  to  the  greatest  height.  Pulleys,  .antique  buildings;  as  some  of  those  stilt  found  in  the  walls 
beingeasily  carried, ureihereforemuchemployedin  ships,  of  Balbeck  in  Turkey,  the  vicient  Heltopolis,  wMch  are 
The  balance  is  useful  fur  ascertaining  an  equality  of  €3  feet  long,  13  feet  broad,  and  12  feet  thick,  and  which 
weight.  The  wedge  is  very  useful  for  separating' the  parts  must  weight  or  7  hundred  tonsa-piece. 
Vol.  II,  B 
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Bloiiiiiii;  Machine.     See  Bellows. 
Boj/leian  Machine.  Mr.  Boyle's  Ait-Pump. 
£fcc(rica/ Machine.  See  Electrical  Mtichine. 
lyinU  Machihe.    See  Anemometkh,  and  Wind  Ma- 

Hi/draulic  or  Waia-  Machine,  is  used  either  to  de- 
note a  simple  ibochiiic,  strvrngl^ conduct  or  r»i»e  wiiler, 
■    :,  pump>  and  the  lilieV*r  sfverilof  iKese  actwig 


slhc 


logclhcr,  to  pruduc 

Machine  o/'Jtf((Hi,    S^  FiRE-fijgiBf,  S- 
and  Water-wotA*. 

Mililary  Machihes,  among  tke  ancients,  were  of  three 
kinds:  [he  .first  serving  to  throw  arrows,  as  ibe  scorpion; 
or  javelins,  as  the  cutapull ;  or  stones,  as  the  balisia;  or 
fiery  darts,  as  the  pyrabolus  :  the  2d  kind  serving  lo  beat 
down  walls,  as  the  battering-ram  and  terebra :  and  the  3d 
sort  to  shelter  those  who  approach  the  enemy's  wall,  as 
the  tortoise  or  testudo,  the  vinea,  and  the  lowers  of  wood. 
See  tha  respective  articles. 

The  mecfaines  of  war  now  in  use,  consist  in  arlilkry, 
including  cannon,  mortars,  petards,  &c. 

MACLAURIN  (Colik),  a  very  eminerrt  mathema- 
tician and  philosopher,  was  the  son  of  a  clergyman,  and 
bom  at  Kilmoddan  in  Scotland,  in  the  year  1698.  He 
was  sent  to  the  university  of  Glasgow  in  1709  ;  where  he 
continued  5  years,  applying  to  his  studies  in  a  very  in- 
tense manner,  and  particularly  lo  the  mathematics.  His 
great  genius  for  mathematical  learning  discovered  itself  so 
esriy  as  at  12  years  of  agp;  jvhen,  having  accidentally 
met  with  a  copy  of  Euclid's  E^ments  in  a  frieiwfs  cham- 
ber, he  became  in  a  few  days  master  of  the  first  6  books 
'  witliout  any  assistance:  and  it  is  certain,  that  in  his  l€ili 
year  he  had  invented  many  ofthe  propositions  which  were 
aftenvards  published  as  part  of  his  work,  entitled  Geo- 
mrtria  Organica.  In  his  Ijlh  year  he  took  the  degree  of 
master  of  arts ;  on  which  occasion  he  composed  and  pub- 
licly defended  a  thesis  on  the  power  of  gravity,  with  great 
applausp.  After  this  he  qnittfd  the  uni»crsily,  and  re- 
tired to  a  country-seat  of  his  uncle,  who  had  the  care  of 
'  his  education,  his  parents  having  died  while  he  was  very 
young.  Hi-re  he  spent  two  or  three  years  in  pursuing  his 
favourite  studies ;  but  in  1717,  at  19  years  of  age  only, 
he  offered  himself  a  candidate  for  the  professorship  of 
mathematics  in  the  Marischal  College  of  Aberdeen,  and 
obtained  it  alter  a  ten  days  trial,  against  a  very  able  com- 
petitor. 

In  1719,  Mr.  Maclaurin  visited  London,  where  he  left 
his  Gcometria  Organica  to  print,  and  where  he  became 
acquainted  ivith  Dr.  Hoailley  theii  bishop  of  Bangor,  Dr. 
Clarke,  Sir  Isaac  Newton,  and  other  eminent  rnen ;  at 
which  time  aho  he  was  admitted  a  member  of  the  Royal 
Society  1  and  in  another  journey,  in  1721,  he  contracted 
an  intimacy  with  Martin  Folkes,  esq.  the  president  of  it, 
which  continued  during  his  life. 

In  1792,  I-"rd  Polwarth,  plenipotentiary  ofthe  king  of 
GrealBHtain  at  the  congress  of  Cambray,  engaged  Mac- 
laurin to  go  as  a  tutor  and  companion  10  his  eldest  son, 
who  was  then  to  let  out  on  his  travels.  After  a  short  stay 
at  Paris,  and  visiting  other  towns  in  Prance,  ihey  fixed 
in  Lorrain;  where  he  wrote  his  piece.  On  tho  Percussion 
of  Bodies,  which  gained  him  the  prize  of  the  Royal  Aca- 
demy of  Sciences  for  the  year  1734.  But  his  pupil  dying 
soon  after  at  Monfpelicr,  he  returned  immediately  to  his 
profession  at  Aberdeen.  He  was  hardly  settled  here, 
when  he  received  an  invitatiou  to  Edmburgh  ;  the  (;ara- 
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tors  of  that  university  being  desirous  that  he  should  unp- 
ply  the  place  of  Mr.  James  Gregory,  whose  great  age  and 
infirmities  had  rendered  him  incapable  of  teaching.'  He 
had  here  some  dillicullies  to  encounter,  arising  from  com- 
petitors, who  had  good  interest  with  the  patrons  of  the 
university,  and  also  from  the  want  of  an  additional  fund 
for  the  new  professor ;  which  however  al  length  were  alt 
surmounted,  principally  through  the  means  of  Sir  Isaac 
Newton.  Accordingly,  in  Nov.  1725,  he  was  introduced 
into  the  university  ;  after  which  the  mathematical 'classes 
soon  became  very  numerous,  there  being  generally  up- 
wards of  100  students  attending  his  lectures  every  year; 
who  being  of  different  standings  and  proficiency,  he  was 
obliged  to  divide  them  into  four  or  five  classes,  iA  each  of 
which  hf  employed  a  full  hour  every  day  from  the'first 
of  November  to  the  first  of  June.  In  the  first  class  he 
taught  the  first  6  books  of  Euclid's  Elements,  Plane  Tri- 
gonometry, Practical  Geometry,  the  Elements  of  Fortifi- 
cation, and  an  Introduction  lo  Algebra.  The  second  clars 
studied  Algebra,  with  the  llih  and  13ih  books  of  Euclid, 
Spherical  Trigonometry,  Conic  Sections,  and  the  general 
Principles  of  AMronomy.  The  third  studied  Astronomy 
and  PiTspeciivc,  and  read  a  part  of  Newton's  Principia, 
he  having  performed  a  course  of  experiments  for  illustra- 
ting them  :  ho  afterwards  read  and  demonstrated  tlje  Ele- 
ments of  Fluxions.  These  in  the  fourth  class  read  a  Sys- 
tem of  Fluxions,  the  Doctrine  'of  Chances,  and  the  're- 
mainder of  Newton's  Principia. 

In  173*,  Dr.  Berkeley,  bishop  of  Cloyne,  published  a 
piece  called  the  Analyst ;  in  which  he  took  occasion,  from 
s«me  disputes  that  had  arisen  concerning  the  grounds  of 
the  fluxionary  method,  lo  explode  the  method  itself;  and 
also  to  charge  mathonialicians  in  general  with  infidelity  it) 
religion.  Maclaurin  tirought  himself  included  in  this 
charge,  and  began  anunswer  to  Berkeley's  book: 'but  other 
answers  coming  out,  and  as  he  proeet'ded,  so  many  disco- 
veries, so  many  new  theories  and  problems  occurred  to 
hint,  that  instead  of  a  vindicatory  pamphlet,  he  produced 
a  Complete  System  of  Fluxions,  with  their  application  to 
the  moat  considerable  problems  in  Geometn,'  and  Natural 
Philosophy.  This  work  was  published  at  i'.djnburgh  in 
1742,  2  vols.  4to;  and  as  it  cost  him  infinite  pains,  so  it 
is  the  most  considerable  of  all  his  works,  and  will  do  hiiB 
immortal  honour,  bcit^  indeed  the  most  complete  trratiso 
on  that  science  that  has  yet  appeared. 

In  the  mean  time,  he  was  continually  presenting  the 
public  with  some  observation  or  performance  of  bis  own, 
several  of  which  were  published  in  the  5th  anil  tith  volumes 
of  the  Medical  Essays  :it  Edinburgh.  Many  of  them 
were  likewise  published  in  the  Philosophical  Transactions; 
as  the  following:  1.  On  the  Conslroction  and  Measure  of 
Curves,  vol.  30.— 2.  A  New  Method  of  describing  all 
kinds  of  Curves,  vol.  30.— 3.  On  Equations  with  Impos- 
sible Roots,  vol.  34. — 4.  On  the  Roots  of  Equations,  Jec, 
vol.  34. — 5.  On  the  Description  of  Curve  Lines,  vol.  39. 
— 6.  Continuation  of  the  same,  vol.  39. — 7-  Observations 
on  a  Solar  Eclipse,  vol.  4U.— S.  A  Rule  for  finding  the 
Meridional  Parts  of  a  Spheroid  with  the  same  Exactness 
as  in  a  Sphere,  vol.  41. — 9.  An  Account  of  the  Treatise  of 
Fluxions,  vol.  42.— 10.  On  the  Bases  of  the  Cells  where 
the  Bees  deposit  their  Hon^y,  vol.  42. 

In  the  midst  of  these  studies,  be  was  always  ready  to 
lend  his  assistance  in  contriving  and  promoting  any  scheme 
which  might  contribute  to  the  public  service.  When  the 
carl  of  Morton  went,  in  1739,  to  visit  bis  estate*  in  Orkney 
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■ml  Shetland,  he  requested  Mr.  Maclaarin  to  sffiitt  him  in 
aettling  the  geo;;raphy  of  those  countries,  which  wai  very 
■frroneoua  in  all  the  mvps ;  to  examine  their  natural 
history,  lo  survey  the  coasts,  and  to  take  the  measure  of 
a  d^ree  of  the  meridian.  Maclaurin's  family  ailkirs 
would  not  permit  liim  to  comply  with  this  request:  be 
however  drew  up  a  memorial  of  what  he  thought  neces- 
>aiy  to  be  observed,  and  furnisbed  proper  instruments  for 
tlie  work,  recommending  Mr.  Siiort,  the  celelirated  opti- 
cian, As  a  proper  operator  for  the  management  of  them. 

Mr.  Maclaurin  had  still  another  scheme  for  the  im- 
provement of  geography  and  navigation,  of  a  more  exten- 
sive natura  ;  which  was  the  opening  apassege  from  Green-' 
land  to  the  South  Spa  by  the  north  pole.  That  such  a 
passage  might  be  fouml,  be  wa£  so  fully  persuaded,  that 
he  used  to  say,  if  hi^i  situation  couid  admit  uf  such  ad- 
ventures, he  would  undertake  tl>e  voyage,  even  at  his  own 
charge.  But  whenscbcoes  foriinding  iitvere  kid  bcfure 
the  parliament  in  1741,  and  he  was  consulted  by  several 
person*  of  hi;;h  rank  concerning  them,  and  before  he  could 
finish  the  memorials  he  pmpused  to  send,  the  premium 
was  limited  £o  the  discovery  o£a  nortli-west  passage:  he 
regretted  much  that  tlie  Nyord  west  was  inserted,  because 
he  tboLigbt  tliat  passage,  if  at  all  to  be  found,  must  lie  not 
far  Trom  the  pole, 

lo  1745,  having  been  very  active  in  fortifying  the  city 
of  Edinburgh  against  the  rebel  army,  he  was  obliged  to 
lly  from  thence  into  England,  where  he  was  invited  by  Dr. 
Herring,  archbishop  of  York,  to  reside  with  him  during  hit 
ttay  in  this  country.  In  this  expedition  however,  being 
exposed  to  cold  and  hardships,  and  naturally  of  a  weak 
and  tender  constitution,  which  hail  be^n  much  more  en- 
feebled by  close  application  to  study,  be  laid  the  founda- 
tion of  an  illness  which  put  an  end  to  bis  life,  in  June 
1746,  at  4f)  years  of  age,  leaving  his  widow  with  two  sons 
«)d  three  daughters. 

Mr.  Maclaurin  was  a  verjp  good,  as  well  at  a  veiy  great 
man,  and  worthy  of  love  at  well  as  admimtion.  His  pe- 
culiar merit  u  a  philoaoplier  was,  that  all  hia  studies  were 
accommodated  to  general  utility  j  and  we  find,  in  many 
places  of  his  works,  tin  application  eves  of  the  most  ab- 
struse theories,  to  the  perfecting  of  mechanical  arts.  For 
the  tame  purpose,  be  had  resolved  to  compose  a  course  of 
Practical  Mathematics,  and  to  rescue  several  useful 
branches  of  the  science  from  the  ill  treatment  they  often 
met  with  in  less  skilful  hatrds.  These  intentions  however 
were  prevented  by  his  death ;  unhats  we  may  reckon,  as  a 
part  of  his  intended  work,  the  translation  of  Dr.  David 
Gregory's  Practical  beometry,  which  he  revised,  and  pub- 
lished with  additions  in  1745. 

Ill  his  lifetime,  however,  he  had  frequent  opptH'lunities 
•f  serving  his  friends  and  hie  country  by  his  great  talenlK. 
Whatever  dilBcnlty  occurred  concerning  the  conttrQcting 
«r  perfecting  of  machines,  the  working  of  minex,  the  im- 
proving of  manufactures,  the  conveying  of  water,  or  the 
.execution  of  atiy  public  work,  he  was  always  reedy  to  re- 
Mtve  it.  He  was  employed  to  terminate  totae  disputes  of 
conict|uenre  that  had  priten  at  Glasgow,  concerning  the 
gauging  of  vessels ;  and  forlhat  purpose  presented  to  the 
eommissiuoers  of  the  excise  two  elaborate  memorials,  with 
tfceir  demonstrations,  containing  rules  by  which  the  offi- 
«en  now  act  He  made  aisp  calculations  relating  to  the 
provision,  now  established  li^  law,  for  ihe  children  and 
widows  of  the  Scotch  clergy,  and  of  the  professors  in  the 
Hniverutiei,  entitling  thep  to  certva  tunuitics  an<l  suom, 


on  the  Tolnntary  annual  payment  of  a  certain  sum  by  the 
incumbent.  In  contriving  and  adjusting  ibis  wise  and  use- 
ful scheme,  be  bestowed  a  great  deal  of  labour,  am)  con- 
tributed not  a  little  towards  bringing  it  to  perfection. 

Of  his  works,  we  have  mentioned  his  Geometria  Or- 
gBnica,in  which  he  treats  cf  the  description  of  curve  lines 
by  continued  motion  ;  as  no  of  bis  piece  which  gained  the 
prire  of  the  Koyal  Academy  of  Sciences  in  i73i.  In 
1740,  he  likewise  shared  the  prise  of  the  same  academy, 
with  the  celebrated  D,  Bernoulli  and  Eulet,  for  resolving 
the  problem  itlating  to  the  motion  of  the  tides  from  the 
theory  of  gravity  :  aquestioD  which  had  been  given  out  the 
turmer  year,  without  receiving  any  solution.  He  had  only 
10  days  to  draw  this  paper  up,  and  could  not  find  leisure 
to  transcribe  a  fair  copy ;  so  that  the  Paris  edition  of  it  is 
incont-ct.  He  afterwards  revised  the  whole,  and  inserted 
it  in  hi^  Treatise  of  Fluxions;  as  be  did  also  the  gubetance 
of  the  farmer  piece.  •  These,  with  the  Treatise  of  Fluxions, 
and  the  pieces  printed  in  the  Medical  L^says  and  the  Phi- 
losophical Transactions,  a  list  of  which  is  given  above,  are 
all  the  writings  whichourauthor  lived  to  publish.  Since 
hisdeath,  however,  two  more  volumes  have  appeared  ;  his 
Algebra,  and  his  Account  of  Sir  Isaac  Newton's  Pbiloso- 

Shicd  Discoveries.  The  Algebra,  though  not  finished  by 
imself,  is  yet  allowed  to  be  excellent  in  its  kind ;  con- 
taining, in  a  moderate  volume,  a  complete  elementary 
treatise  on  that  science,  asfarnsit  had  then  been  carried; 
besides  some  iKat  analytical  papers  on  curve  lines.  His 
Account  of  Newton's  Philosophy  was  occasioned  in  the 
following  manner : — Sir  Isaac  dying  in  the  beginning  oF 
1738,  his  nephew,  Mr.Conduilt,  propoccd  to  publish  an 
accountof  biilife,  and  desired  Mr.  Maclaurin's  assistance. 
l^e  latter,  outof  gratitude  to  his  great  benefactor,  cheer- 
fully undertook,  uid  soon  finished  the  History  of  the  Pro- 
gress which  Philosophy  had  made  before  Newton's  time  ; 
and  this  was  Ihe  fiist  draught  of  the  work  in  hand ;  which 
not  going  forward,  on  account  of  Mr.  Condoiu's  death, 
was  returned  to  Mr.  Maclaurin.  To  this  he  Bfterwardt 
made  great  additions,  and  left  it  in  the  state  in  which  it 
now  appears.  His  main  d^ign  scern^  to  have  been,  to 
explain  only  those  parts  of  Newton's  Philosophy,  which 
have  been  controverted ;  and  this  is  supposed  to  be  the 
reason  why  his  grand  discoveries  concerning  light  and  co- 
lours are  buttcansientlyand  generally  touched  upon;  for 
it  is  known,  that  whenever  the  experiments,  on  which  bis 
doctrine  of  light  and  colours  is  founded,  had  been  re- 
peated with  due  care,  this  doctrine  had  not  been  con- 
tested; while  his  accounting  for  the  celestial  motions, 
and  the  other  great  appearances  of  nature,  from  gravity, 
had  been  misunderstood,  and  even  attempted  to  be  ri- 
diculed. 

MACULE,  in  Astronomy,  are  dark  spots  appearing  on 
the  luminous  surfaces  of  tbesun  and  moon,  and  evensOme 
of  the  planets.  Tbc  solar  maculee  are  dark  spots  of  an 
irregular  and  changeable  figure,  observed  in  the  face  of 
the  sun.  These  are  said  to  have  been  first  observed  in 
November  and  December  of  the  year  l6lO,  by  Galileo  in 
Italy,  and  Harriot  in  England,  unknown  to,  and  inde- 
pendent of  each  other,  soon  after  the  invention  of  tele-  , 
scopes.  But  Montucla,  in  his  History  of  the  Mathema- 
tics, says  that  the  honour  of  this  distMvery  is  due  to  J, 
Fabricius,  as  appears  from  his  work  published  at  Wiiten- 
bMg,  in  June  loll,  entitled,  De  Maculis  in  Sole  visis,  et 
earum  cum  sole  revolutione  narralio.  They  were  after- 
warda  also  observed  by  Scbeiner,  Hevefius,  flamstecd. 
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C^ssini,  Kirch,  aud  othurs.  Sec  M4Ct;i.s>  Nksvloos, 
Spots,  &t. 

MADRIEK,  in  Artilleiy,  is  n  thick  plank, armed  with 
plates  uf  iron,  and  having  a  cavity  sufficient  tn  receive  the 
mouth  of  a  petard,  wiib  which  it  is  applied  ggaiiut  a 
gate,  or  any  thing  else  intendi^  lu  be  broken  down.-— This 
term  is  also  applied  to  ct'itaiii^c  beams,  fixed  to  the  bot- 
tom of  a  moat,  to  support  a  wall. — There  are  also  roa- 
driers  liiicd  with  tin,  and  covered  with  earth;  serving  as 
defences  against  nrtilicial  fires,  in  lodgments,  &C,  wherA 
there  is  need  of  being  covered  overhead. 

>L£STLIN  [Michael],  in  Latin  Miestliniit,  a  noted 
astronomer  of  Germany,  was  born  in  the  duchy  of  Wiltem- 
berg;  but  spent  bis  youth  in  Italy,  whi're  he  made  a 
speech  in  favour  of  Copernicus's  system,  which  brought 
Galileo  over  from  Aristotle  and  Ptolemy,  to  whom  he  was 
before  wholly  devoted.  He  afterwards  returned  to  Gcrr 
manyiand  became  professor  of  mathematics  at  Tubingen; 
where,  among  his  other  scholan,  he  taught  the  celebrated 
Kepler,  who  has  commended  ^veral  of  his  ingenious  in- 
'  veiilions,  in  his  Astronnmia  Optica.  Mawtlin  published 
many  mathematical  and  astronomical  works,  and  died  in 
1590.— Though  Tycho  Btahe  did  not  assent  to  Mxstlin's 
opinion,  yet  he-allowed  him  to  be  an  extraordinary  per- 
son, and  deeply  skilled  in  the  science  of  astronomy. 

MAGAZINE,  a  place  in  which  stores  aro  kept,  of 
arms,  ammunition,  provisions,  &c, 

Aniliay  Mag  AzijiK,  or  the  magazine  to  a  field  battery, 
is  made  about  iS  or  SOyards  behind  the  battery,  towards 
the  parallels,  and  at  least  3  feet  under  ground,  to  re- 
ceive the  powder,  loaded  shells,  'port-firea,  &c. — Its  roof 
and  sides  should  be  well  secured  with  boards,  to  prevent 
the  earth  from  rulling  in;  it  has  a  door,  and  a  double 
trench  or  passage  sunk  from  the  magazine  to  the  battery, 
the  one  to  enter,  and  the  other  tu  go  out  at,  to  prevent  con- 
fusion. Sometimes  traverses  are  made  in  the  passages,  to 
prevent  ricocbetshot  from  entering  the  magasine. 

Pevider-H AG  AZinE,  is  the  place  where  powder  is  kept 
in  large  qudniilies.  Authors  differ  very  much  with  r^ard 
to  the  situation  and  construction  of  these  magazines  ;  but 
all  agree,  that  they  ought  to  be  arched  and  bomb-proof, 
in  fortifications,  they  were  formerly  placed  in  the  ram- 
part' ;  but  uf  late  they  have  been  built  in  different  parts 
ofihe  town.  Thelitst  powder-magazines  were  madewttb 
Gothic  arches  :  but  M.  Vauban  thinking  these  too  vreak, 
constructed,  them  of  a  semicircular  form,  the  iliiuensions 
beit^  60  feet  long  within,  and  75  feet  broad ;  the  founda- 
tions are  Hotg  feet  thick,  and  8  feet  high  froAi  the  foun- 
dation to  the  spring  of  the  arch  ;  also  the  floor  2  feet  from 
ifae  ground,  to  preserve  it  from  the  damp. 

It  is  .a  constant  observation,  that  after  the  centering  of 
semicircular  arches  is  struck,  they  settle  at  the  crown, 
and  rise  up  at  the  haoeea,  even  with  a  straight  horiaoDtal 
cxtrados;  and  still  more  so  in  powder-magazines,  where 
the  ouuide  at  top  is  formed,  lika  the  roof  uf  a  house,  by 
inclined  planes  joiuing  in  an  angle  over  the  top  of  the  arch, 
to  g;ive  a  proper  descent  to  the  rain  ;  which  effects  are  ex- 
actly what  might  be  expected  from  the  true  theory  of 
ftTches.  Now,  this  shrinking  of  the  arches,  as  it  must  be 
attended  with  very  bad  consequences,  by  breaking  the 
texture  of  the  cement,  after  it  has  in  some  degree  been 
■dried,  and  also  by  opening  the  joints  of  the  vousoirs  at  one 
end,  I  have  provided  a  remedy  for  this  inconvenience, 
with  regard  to  bridges,  by  the  arch  of  equilibra^on,  in  hit 
TrACts,  vol.  1 ;  butw  tlieillcoiuec{aencesofitar«inn«i 


greater  in  powder* magaiines,  in  quntion  96  of  «iy  Msifaf- 
matica)  Miscellany,  I  proposed  to  find  an  arch  of  equili- 
bration for  them  also;  which  quesiion  was  there  resolved 
by  Mr,  Wildboreand  myself, both  upongcneral  principles^ 
and  which  1  illustrated  by  an  application  to  a  particnlar 
case,  there  constructed,  and  accompanied  with  a  table  of 
numbers  fur  thm  purpose.  From  that  solution  it  ap- 
pears that  the  general  valueof  the  ordinate  FCorv,iss  = 

b  K  __--_-_—_.   where  (in  the  following  figure) 

log. !L_ L 

;  =  PC,  a  =  K  D,  i  =>  A«  =1  i  a  B,  c  s  AL,  and  w  =  ic ; 
from  which  equation  pc  may  be  found,  when  ic  is  given. 
But  if,  on  the  other  hand,  PC  be  given,  to  find  ic,  which 
will  be  the  more  convenient  way,  tb<:n  from  the  former 
equation  will  be  found, 

10  =  i^—  =  ci;  where  n  »  a-riSSSISSS  the  num- 
ber whose  hyp.  log.  is  cjr  -•-  a,  and  a  =  hig.  of  a,  alau 
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Tbtufor  example,  in  the 
epresenting  a  transverse  vertical  section 
of  the  arch,  if  the  span  ab  =  20,  tbe  pitch  ot  height 
DQ  =:  10,  the  thickness  at  top  dx  =s  7<  end  the  angk  at 
lop  J.KM  =  112°  37';  then  for  every  different  value  of 
PC,  the  last  equation  will  give  the  following  correspondent 
values  uf  ci.  That  is,  if  alkmb  rrpriM'nt  a  vertical 
transverse  section  of  the  arch,  the  r9of  funning  an  angle 
LKM  of  1 12°  3?',  also  PC  an  ordinati-  parallel  to  the  hoii- 
aon  taken  in  any  part,  and  ic  perpendicular  to  the  same, 
and  the  other  dimensioni  as  abijve  ;  then  for  pruperly  con 
structing  the  curve  so  as  to  be  the  strongest,  or  nn  arch  of 
eqailibralion  in  all  ils  parts,  the  corresponding  values  of 
PC  and  CI  »ill  be  as  in  ihc  following  table,  where  those  ' 
numbers  may  denote  any  lengths  whatever,  either  inches, 
or  f£et,  oc  half-yards. 


V>]u>of 

VsIdc  of 

CP. 

CIL 

I 

7-0310 

2 

71243 

3 

7-2fi06 

4 

7-5015 

5 

7-7,838 

5 

8-1452 

7 

8-5737 

8 

9-0781 

9 

9-6628 

10 

10-3333 

See  my  TracU,  vol.  1,  pa.57  &c. 

Maoazinb,  or  Powdtr-Room,  on  ship-board,  a  a  clos^ 
room  or  store-house,  built  in  the  foni  or  after  part  of  the 
hold,  in  order  to  preserve  the  gunpowder  for  the  usft  of 
the  ship.  This  apartment  is  strongly  secured  against  /ire, 
and  no  person  is  allowed  lo  enter  it  with  a  lamp  or  candle; 
it  ii  therefore  lighted,  as  occasion  requires,  by  means  ot 
the  candles  or  Umps  in  the  tight-room  contiguous  to  it. 

MAGELLANIC  Clouds,  whitish  appearances  like 
clouds,  seen  in  the  heavens  towards  (he  south  pole,  and 
having  the  same  apparent  motion  as  the  stars.  They  are 
three  in  number,  I  wo  of  them  near  each  other. — Thelargeat 
lies  far  from  the  south  pole;  but  the  other  two  are  aql 
nuun  deorecs  mon  ivmota  froia  it  than  the  itMrsat,  con- 
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spicuoiu  star,  tlist  i»,  about  11  degrees.  Mr.  Boyle  con- 
JMtun^  that  if  Chete  clouds  were  seen  through  h  good 
telescope,  liiey  would  appear  Co  be  multitudes  of  smnll 
stars,  like  the  milky  way.  Dr.  Herschel  thinks  rather 
that  nebuleare  ol'teii  owijig  to  a  self-luiuioous  fluid.  See 
Pbilos.  Triins.  an.  I7dl,pa.  ?!,  and  an.  1811,  pit.  269. 

MAGIC  LftNTEiin,  an  optical  rn&chine,  by  mcani  of 
which  smitll  piiiuted  images  are  represented  on  the  wall  of 
K  dark  room,  magnified  to  any  size  at  pleasure.  This 
machine  was  contrived  by  Kircber  (see  his  Ars  Magna 
Luciset  UmbrsB,  pa.76S)i  and  it  was  so  called,  becaiue 
tbe  images  were  made  to  represent  strange  phitntasnis,  and 
terrible  apparitions, 'which  have  been  taken  for  the  effect 
of  magic,  by  such  as  were  ignorant  of  the  secret. 

This  machine  is  composed  of  a  concave  spoculum,  from 
4  to  IS  inches  diameter,  reflecting  the  light  of  a  candle 
through  [he  small  faoleofa  Cube,  at  the  end  of  which  is  fixed 
a  double  convex  lens  of  about  3  inches  fnctis.  Between  the 
twoareeuccessivelyplaced,  many  small  plain  glasses,  paint- 
ed with  various  figures,  usually  such  as  are  the  most  for- 
midable and  terrifying  to  the  spectators,  when  represented 
at  large  on  the  opposite  wall. 

Thus  (pi.  17,  fig.  14)  ABCD  is  a  common  tin  lant«rn, 
to  which  is  added  a  tube  fg  to  draw  out.  In  h  is  fixed 
the  meCaliic  concave  speculum,  from  4  to  12  inches  dia- 
meter; or  else,  instead  of  it,  near  iheextremity  of  thetube, 
there  must  be  placed  a  convcTi  lens,  consisting  of  a  ieg- 
ment  of  a  small  aphi're,  of  but  a  few  inches  in  diameter. 
The  use  of  this  lens  is  to  throw  a  strong  light  upon  the 
image;  and  sometimes  a  concave  speculum  is  used  with 
the  lens,  to  rendi.'r  the  image  still  more  vivid.  In  tbe 
focus  of  tbe  concave  speculum  or  lens,  is  placed  the  lamp 
L ;  and  within  the  tube,  where  it  is  soldered  to  the  side  of 
the  lantern,  is  placed  a  small  lens,  convex  on  both  sides, 
being  a  portion  of  a  small  sphere,  having  its  focns  about 
the  distance  of  3  inches.  The  extreme  part  of  the  tube 
FH  is  square,  and  has  an  aperture  quite  through,  so  as  to 
receive  an  oblong  frame  no  passing  into  it;  in  which  frame 
there  are  round  holes,  uf  an  inch  or  two  in  diameter.  An- 
swering to  the  niagnitude  of  these  holes  there  are  circles 
drawn  on  a  plain  thin  glass  1  and  in  these  circles  are  painted 
any  figures,  or  images,  at  pleasure,  with  transparent  water- 
colours.  The^e  images  fitted  into  the  frame,  in  an  inverted 
position,  at  a  small  diiitance  from  the  focus  of  the  lens  1, 
will  be  projected  on  an  opposite  white  wall  of  a  dark  room, 
in  all  their  colours,  greatly  magnified,  and  in  an  erect 
position.  By  having  the  instrument  so  contrived,  that 
the  lens  I  may  move  on  a  slide,  the  focus  may  be  made, 
and  consequently  the  image  appear  distinct,at  almost  aoyy 
distance. 

Or  thus :  Every  thing  being  managed  as  in  the  former 
case,  into  the  sliding  tube  tq,  insert  another  convex  lens 
K,  the  segment  of  a  sphere  rather  larger  than  i.  Now,  if 
the  picture  be  brought  nearer  to  i'  than  the  distance  of 
the  focus,  divei^ing- rays  will  be  propagated  as  if  they  pro- 
ceeded from  the  object;  therefore,  if  the  lens  k  be  lo 
placed,  as  that  the  object  be  very  near  its  locus,  Che  image 
will  be  exhibited  on  tbe  wall,  greatly  magnified.    ' 

Maoic  Square,  is  a  square  figure,  formed  of  a  series  of 
nuraben  in  arithmetical  progression,  so  disposed  in  pa- 
rallel  and  equal  ranks,  as  that  the  sums  of  each  row,  taken 
either  perpendicularly,  horizontally,  or  diagonally,  are 
equal  to  one  another.  As  the  following  square,  fonned  of 
these  nine  numbers,  1,  3,  3,  4,  5,  6,  7,  8,  9,  where  the 
•nm  of  the  three  figuna  in  every  row,  in  all  the  directtoiu, 


is  always  the  same  number,  viz  15.  But  if  tbe  tame 
numbers  be  placed  in  their  natuni  order,  in  form  of  a 
square,  the  first  being  1,  and  the  last  of  them  a  square 
number,  they  will  form  what  is  called  a  natural  square, 
whose  [wo  diagonals,  as  alss  its  middle  column,  and,  mid- 
dle horiiontal  Ime,  will  ^ve  the  same  sum  as  all  the  rows 
of  the  magic  square,  vis^5. 

NtiunI  Squtre.  Mtgic  Square. 
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where  every  row  and  diagonal  in  the  magic  square  makes 
just  the  sum  6^,  being  the  same  as  the  two  diagonals  of  the 
natural  square,  as  well  as  of  the  middle  row  and  middle 
column. 

it  i*  probable  that  these  ma^c  squares  were  10  called 
both  because  of  this  property  in  them,  vii,  that  the  ranks 
in  evtry  direction  making  the  aanie  sum,  appeared  ex- 
tremely surprising,  especially  in  the  Riorc  ignorant  ages, 
when  mathematics  passed  for  magic  ;  and  because  also  of 
tbe  superstitious  opi'rations  ihey  were  employed  in,  es  the 
construction  of  talismans,  &c ;  for,  according  to  the  child- 
ish philosophy  of  those  days,  which  ascribed  virtues  to 
numbers,  what  might  not  be  expected  from  numbers  so 
seemingly  wonderful ! 

The  magic  square  was  held  in  great  veneration  among 
the  Egyptians,  and  the  Pythagoreans  their  disciples,  who, 
toadd  more  efficacy  and  virtue  to  this  square,  deiticated  it 
to  the  then  known  7  planets  divers  ways,  and  engraved  it 
on  a. plate  of  the  metal  that  was  esteemed  in  sympathy 
with  the  planet.  The  square  thus  dedicated,  was  inclosed 
by  a  regular  polygon,  inscribed  in  a  circle,  which  was  di- 
vided into  as  many  equal  parts  as  there  were  units  in  the 
side  of  the  square  ;  with  the  names  of  the  angles,  of  the 
planet,  and  the  signs  of  the  zodiac  written  upon  tbe  void 
spaces  between  the  polygon  and  the  circumference  of  the 
circumscribed  circle.  Such  atalismEinor  metal  they  vainly 
imagined  would,  upon  occasion,  befriend  tbe  person  who 
carried  it  about  him. 

To  Saturn  they  attributed  tbe  squatc  of  9  places  or 
cells,  the  side  being  3,  and  the  sum  of  the  numbers  in 
every  row  15:  to  Jupiter  tbe  square  of  16  places,  the 
side  being  4.  and  tbe  amount  of  each  row  34:  to  Mars 
the  square  <n  25  places,  the  side  being  5,  and  the  amount 
of  eaoh  row  65 :  to  the  sun  tbe  square  with  36  places, 
the  side  being  6,  and  the  sum  of  each  row  111:  to  Venus 
the  square  of  49  places,  the  side  being  7,  and  the  amount 
of  each  row  175;  to  Mercary  the  square  with  64  places^ 
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the  side  bang  S, and  the  min  of  eacb  row  S60 :  and  to  tlie 
moon  the  iquare  of  81  places,  the  tids  being  9i  ■"<!  the 
vnountof  (wchrow  369.  Finally,  they  attnbuied  toim- 
perfect  matter,  the  square  with  4  divisions,  having  3  for  its 
aide ;  uid  to  God  the  iquara  of  only  one  ceil,  the  tide  of 
which  is  alio  an  unit,  which  mi^iplied  by  ilielf,  uodergoei 
no  change.  ,    - 

However,  what  was  at  first  the  vain  practice  of  conjurers 
and  maken  of  talismans,  has  since  become  the  subject  of 
a  serious  research  among  mnihcmabcians.  Ngt  that  they 
imagine  it  will  lead  them  to  any  thing  of  solid  use  or  ad* 
vaDlBge ;  but  rather  as  it  is  a  kind  of  play,  in  which  the 
difficulty  maices  the  merit,  and  if  may  chance  to  produce 
some  new  views  or  properties  pf  aiimber?,  which  ma- 
thematicianB  might  probably  turn  to  some  account. 

it  would  seem  that  Kman.  Moscbopulus,  a  Greek  author 
of  no  high  antiquity,  was  the  first  now  known  of,who  has 
•pokcn  of  magic  squares  :  he  has  left  some  rules  for  their 
construction;  though,  by  the  age  in  which  he  lived,  there 
is  reason  to  imagine  he  did  not  look  upon  then  merely  as 
a  mathematician. 

In  the  treatise  of  Cornelius  Agrippa,  to  much  accused 
of  magic,  are  fuund  the  squares  of  Znumbers,  vii,  from  9 
to  9  inclusive,  dis|i09ed  magically;  and  it  is  not  to  be  sup- 
posed that  those  7  numbers  wer«  preferred  to  all  others 
without  some  good  reason  :  jndced  it  is  because  their 
squares,  according  to  the  system  of  Agrippa  and  his  fol- 
lowers, are  planetary.  The  square  of  3,  for  imtance,  be- 
lot^  10  Satora ;  thatof  4  to  Jupiterj  that  of  5  to  Han; 
(hat  of  £  to  the  sun  ;  that  of  7  tu  Venus ;  that  of  8  to  Mei» 
Cory  ;  and  that  of  9  to  the  mourn 

M.  Bachet  applied  faimselftQ  the  study  of  magic  sqnares, 
on  the  hint  he  bad  taken  fnim  the  planetary  squares  of 
Agrippa,  as  hAag  unacquainU>d  with  Moschopulus's  work, 
which  u  only  in  manuscript  in  the  French  king's  library ; 
and,  without  tlie  assistance  of  any  author,  he  found  out  a 
new  method  for  the  squares  of  uneven  numbers;  for  in- 
stance, 35,  or  49,  &c;  but  he  could  not  succeed  with  those 
that  have  even  roots. 

M.  Frcnicle  next  engaged  in  this  subject.  It  was  the 
opinion  of  some,  that  ihough  iha  first  16  numbers  might 
be  disposed  20933789888000  different  ways  in  a  natural 
square,  yet  they  could  not  be  dispgsed  more  than  \6  ways 
in  a  magic  square;  but  M.  Frenicle  showed,  that  they 
might  be  thus  disposed  in  878  different  ways.  To  this 
business  he  thought  fit  to  add  a  difhculty  that  had  ttot  yet 
been  considered  ;  which  vos,  to  take  away  the  marginal 
numbers  quite  around,  or  any  oiher  circumference  at  plea- 
sura,  or  even  several  of  such  circumferences,  and  yet  that 
the  remainder  should  still  be  magical.  Again  he  inverted 
that  condition,  and  required  that  any  circumference  taken 
at  pleasure,  or  even  several  circumferences,  should  be  in- 
separable from  the  square;  that  is,  that  it  should  cease  to 
be  magical  when  they  were  removed,  and  yet  cimtinue 
magical  after  the  removal  of  any  of  the  rest.  M.  Frenicle 
however  gives  nogeneraldcmonstratiunof  his  methods,  and 
it  often  seems  that  he  has  no  other  guide  but  chance.  It 
is  true,  his  book  was  not  published  by  himself,  nor  did  it 
appear  till  after  his  death,  vis,  in  1(193. 

In  1703,  M.  Poignard,  canon  of  Brusselsutublished  a 
treatise  on  sublime  magic  squares.  Before  bii  time  there 
had  been  no  magic  squares  made,  but  tor  series  of  natural 
numbers  that  formed  a  square;  but  M.  Poignard  made 
two  very  considerable  improvements.  1st,  Instead  of 
taking  all  the  numbers  that  fill  a  square,  for  instance  th* 
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9£  successive  numbers,  which  would  fill  alt  thecellaof  a 
natural  square  whose  side  is  6,  he  only  takes  as  many  wc- 
cessive  numbers  as  there  are  units  in  the  side  of  ihe  square, 
which  in  this  case  are  6  ;  aiiil  these  six  numbers  alone  ha 
disposes  in  such  manner,  in  thej6  cells,  that  none  of  them 
occur  twice  in  the  same  rank,  whether  it  be  horiiuntal, 
vertical,  or  diagonal;  whence  it  follows,  that  all  (be  ranks, 
taken  all  the  ways  poasibit,  must  always  make  the  same 
sum;  aiid  this  method  M.  Poignard  calls  repeated  progres- 
sions. Sd,  Instead  of  being  confined  to  take  the»e  num- 
bers according  to  the  scries  and  succession  of  the  natural 
numbers,  that  is  in  arithmetical  progression,  he  lakes  them 
likewise  in  a  geometrical  progression ;  and  even  in  an  hai^ 
monical  one,  the  numbeis  of  all  the  ranks  always  tuUowing 
the  same  kind  of  progression :  he  makes  squares  of  each  of 
these  three  progressions  repeated. 

M.  Foignard's  book  gave  occasion  to  M.  Lafaire  to  turn 
his  thoughts  to  the  same  subject,  which  he  did  with  such 
success,  that  he  greatly  extended  the  theory  of  magic 
squares,  as  well  for  even  numbers  as  those  that  are  un- 
even  ;  as  may  be  seen  at  large  in  the  Memoirs  of  the  Royal 
Academy  of  Sciences,  for  the  years  I705,atid  in  1710  by 
M.  Sauveur.  See  also  Saunderson's  Algebra,  vol.1,  pa.S54, 
&c;  as  also  my  Mathematical  Recreations,  translated  from 
Oianam  and  Montucla,  giving  the  following  easy  method 
of  filling  up  a  magic  square. 

Tojbm  a  Magic  Square  qf  an  Odd  iVumfcr  nf  Term*  m 
Iht  Arithmetic  Progremon  1,  S,  3, 4,  &c.  Place  the  least 
term  I  in  (he  cell  immediately  under  the  middle,  or  cen- 
tral one,  and  the  rest  of  the  terms,  in  their  natural  order, 
in  a  descending  diagonal  direction,  till  they  run  off  either 
at  the  bottom,  or  on  the  side  :  when  the  number  runs  of 
at  Ihe  bottom,  carry  it  to  the  uppermost  cell  that  is  not 
occupied,  of  the  same  column  that  it  would  have  fallen 
ID  below,  and  then  proceed  descending  diagonalwise  again 
as  far  as  you  can,  or  till  the  numbers  either  run  off  at  bot- 
tom or  side,  or  are  interrupted  by  coming  at  a  cell  already 
filled;  now  when  any  number  runs  off  at  the  right'hand 
side,  then  bring  it  to  the  farthest  cell  on  the  left  hand  of 
the  same  row  or  line  it  would  have  fallen  in  towards  the 
right  hand  :  and  when  the  progress  diagonalwise  is  inter- 
rupted by  meeting  with  a  cell  already  occupied  by  some 
other  number,  then  descend  diagonally  to  the  left  from  this 
cell  till  an  empty  one  is  met  with,  where  enter  it;  and 
thence  proceed  as  before. 

Thus,  to  make 
a  magic  square  of 
the  49  numbers 
),  3,  3,  4,  &c. 
First  place  the  1  ■ 
Bext  below  the 
centre  cell,  and 
themce  descend 
to  tb«  right  till 
the  4  runs  off  at 
the  hot tom,w h i ch 
therefore  carry 
to  the  top  comer 
on  the  same  t:o- 
lumnasitwould 
have  fallen  in;  but  as  it  runs  off  at  the  stdc,  bring  it  to  the 
beginning  of  the  second  line,  and  thence  descend  to  the 
right  tin  you  arrive  at  the  cell  occupied  by  I ;  carry  the 
8  therefore  to  the  next  diagonal  cell  to  the  left,  and  so 
proceed  till  10  run  off  at  the  bottom,  which  can^  there- 
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fore  to  t%e  lop  «f  ic<  calBmn,  and  to  proceed  till  13  run) 
off  at  the  side,  wbicb  therefore  bring  (o  tbit  beginsing  of 
thd  same  line,  and  thence  proceed  till  15  arrives  at  the 
ceil  occopieJ  bj  8  ;  frOBi  thig  therefore  descend  diagonally 
to  the  lefii  bat  aa  Id'  runs  ofC  at  the  bottora,  carr^  it  to 
the  top  of  its  proper  column,  an<J  thence  descend  till  21 
rnn  off  at  ihc  side,  which  is  therefore  broaght  tn  the  be< 
ginning  of  iu  proper  line ;  but  as  23  arrives  at  the  cell  oc- 
cupied bj  1^,  descend  diagunully  to  ihe  left,  which  brings 
it  into  the  Isi  column,  but  off  at  tbe  bottoih,  and  therefore 
it  is  carried  to  the  top  of  that  column  ;  thence  descending 
till  39  runs  i>ff  both  at  the  buttooi  aod  side,  which  there- 
fore carry  to  the  hightvt  unoccupied  cell  in  the  last  co- 
lumn-; and  here,  as  30  runs  off  at  the  side,  bring  it  to  the 
beginning  of  ita  proper  column,  and  thence  descend  till  35 
runs  offal  the  buttom,  which  therefore  carry  to  the  begin- 
ning or  top  of  its  own  column ;  and  berp,  as  36'  meets  nith 
the  cell  occupied  by  2%  it  is  brought  from  thence  dia- 
gonally to  the  left ;  thence  descending,  38  runs  off  at  the 
side,  and  therefore  it  is  brought  to  the  beginning  of  its 
proper  line;  thence  descending,  4-1  runs  (rfT  at  the  bot- 
tom, which  therefore  is  carried  to  the  beginning  or  tup  of 
it*  column ;  whence  descending,  43  arrives  at  the  cell  oc- 
cupied by  36,  and  therefore  it  is  brought  down  from  thence 
to  the  left;  thence  descending;,  ^6  runs  off  at  the  side, 
which  then^fore  is  brought  to  the  beginning  of  its  line; 
but  here,  as  47  runs  off  at  the  bottom,  il  ia  carried  lo  the 
beginning  or  lop  of  its  column,  whence  descending  with 
4S  and  49,  the  square  is  completi^d,  thp  sum  of  every  row 
and  column  and  diagonal  maJiing  just  175. — I'bere  are 
many  other  ways  of  filling  up  such  st^uares,  but  none  ^bat 
are  easier  tlian  that  above  described  ;  unkss  perhaps  the 
following  mechanicitl  way,  communicated  by  an  ingenious 
friend,  Mr.  J.  B.  Wise,  of  Boyn  Hill,  near  Maidenhead, 
Berks,  which  is  as  follows  for  an  odd  nuinber,  suppose  5, 
in  Hie  progression  1,  2,  3,  4,  5,  &c. 
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Fint  set  down  the  25 
numbers  in  the  form  of  a 
Sf|uare,  as  in  Ihe  first  dia- 
gram here  above.  Next 
draw  lines  cutting  off  thfe 
three  figures  at  each  cor- 
ner, viK,  the  1,  2, 6,  at  tho 
Mpper  left-hand  corner; 
the  4,  5,  10,  at  the  upper 
Hght-hand  corner ;  and 
in  like  manner  16,21,22, 
and  20,  2i,  25  at  the  bot- 
tom qorncra;  which  four 
lilies  will  form  a  square; 
.  then  draw  inner  lines  pa- 
rallel to  these,  and  they 
will  divide  the  figure  into 
25  cells,  as  in  the  2d 
diagram  above,  in  which 
13  ofcbe  cells  wiU  be  oc- 
cupied by  as  many  of  the  25  numbers,  the  other  12  cells 
being  empty,  and  the  filled  and  empty  cells  mutually  al- 
ternating with  each  other,  in  everyone  of  the  10  bands. — 
Lastly,  the  IS  comer  numbers  at  fint  cut. off,, are  to  be 


coirivd  Into  the  afomaid  12  empty  cells,  in  tbit  manner ; 
viz,  each  of  these  12  external  numbers  Is  to  be  carried  to 
the  farthest  distant  empty  cell  in  the  band  opposite  to 
which  it  stands  ;  thus,  the  2  is  carried  along  its  opposite' 
baadtu  ih.;  empty  cell  below  the  No.  U}  in  like  manner, 
the  1  is  carriad  to  the  cell  next  below  13,  the  6  to  the  cell 
next  below  18,  the  4  alo^  its  band  to  the  cell  next  below 
12,  the  5  to  the  cell  below  13.  the  10  to  the  cell  below  18, 
the  16  to  the  ceil  above  8,  the  21  to  the  cell  above  13,  the 
22  to  the  cell  above  14,  liie  20  to  the  cell  above  8,  the  24 
to  the  cell  above  12,  and  the  35  to  the  cell  above  13; 
thus  completing  the  magic  s<]uarc,  as  in  the  3d  diagram, 
which  is  a  perfect  square,  the  sum  of  the  numbers  in  every 
band,  uid  in  both  the  diagonals,  making  up  the  same  quan- 
tity, 65. 

For  the  purpose  of  perspicuity,  in  the  above  process, 
three  diagrams  have  been  employed,  in  order  to  exhibit 
distinctly  the  several  stages  of  the  process;  though  in  fact 
one  diagram  only  is  quite  sufficient  in  practice.  And  the 
method  is  the  same  fbr  squares  of  any  other  odd  number 

The  same  learned  friend  communicated  a  great  many 
more  of  very  ingenious  constructions  of  squares,  that  are 
much  larger  and  more  curious  than  any  that  have  yet  been 
published,  but  are  too  extensive  for  this  place;  but  it  is  to 
be  wished  that  ht'  will  himself  give  them  entire  to  the  pub- 
lic in  a  connected  state. 

It  was  observed  before,  that  the  sum  of  the  numbers  in 
the  rows,  columns  and  diagonals,  was  IS  in  the  square  of 
9  numbers,  34  in  a  square  of  16,  6'5  in  a  s<|uare  of  25, 
&c;  hence  then  is  derived  a  method  of  finding  the  sums 
of  Ibe  numbers  in  any  other  square,  viz,  by  taking  thesnc- 
cessive  differences  till  they  become  eqoal,  and  then  adding 
them  successively  to  produce  or  find  out  the  amount  of 
the  following  sums.  Thus,  having  raided  the  sides  and 
cells  in  two  columns,  and  a  few  of  the  first  sums  in  a 
third  column,  take  the  first  differences  of  these,  which  will 
be  1,  4,  10,  19,  &c,  as  in  the  4tb  column;  and  of  these 
take  the  differences  0,  3,  6,  9,  12,  &c,  as  in  the  5lh  co- 
lumn; and  again  of  these,  the  differences  3,  3,  3  &c,  as 
in  the  6lh  or  last  column.  Then,  returning  back  again, 
sidd  always  3.  the  Constant  last  or  3d  diBerence,  to  the  last 
found  of  the  2d  differences,  which  will  complete  the  re- 
mainder of  the  column  of  these,  viz,  15,  18,  21,  34',  &c : 
then  add  these  2d  differences  to  the  laat  found  of  the  1st 
differences,  which  will  complete  the  column  of  these, 
viz,  giving  31,  46,  6+,  &c:  lastly,  add  always  these  cor- 
responding 1st  differences  to  the  last  found  number  or 
amount  of  the  sums,  and  the  column  of  sums  will  thus  be 
completed. 
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Again,  like  »s  the  terms  of  an  aritlimetical  frogre 
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arranged  reagicalty,  give  the  same 
sum  in  every  row  &c,  so  the  terms  of 
ft  geometrical  serici  arranged  nu^t- 
cally  give  the  same  product  in  every 
row  &c,  by  multiplying  the  numben 
continually  tagcthirr;  10  this  pro- 
gression I,  3,  4,  S,  l€,  &c,  arriffiged 
as  in  the  mari^iD,  gives,  for  each  con- 
tinual product,  4096  in  every  row 
lie,  which  is  just  the  cube  of  the 
middle  term,  16*. 

'Also,  ibe  terms  of  an  harmonical 
progression  being  ranged  magically, 
as  in  the  margin,  have  [ho  terms  in 
each  row  &c  in  barmonical  prugres- 


The  ingenious  Qr.  Franklin,  it  seems,  carried  this  cu- 
rious speculution  further  than  any  ofhispretlecrason  in  the 
same  way.  He  constructed  bulb  a  large  Magic  Square 
of  Squares,  and  a  Magic  Circle  of  Circles,  the  description 
of  which  may  be  seen  in  the  collection  of  his  works,  with 
many  curious  properties;  but  the  square  is  omitted  here, 
at  an  impertectioti  has  been  detected  in  the  diagonals. 

The  Magic  Circle  of  Circles,  fig.  S,  pi.  VJ,  by  this  author," 
is  composed  of  aseriesof  nurabere,  from  12  to  75  inclusive, 
divided  into  8  concentric  circular  spaces,  and  ranged  in 
8  radii  of  numbers,  with  the  number  12  in  the  centre;  which 
number,  like  the  centre,  is  common  to  all  these  circular 
spaces,  and  to  all  the  radii. 

The  numbers  are  so  placed,  that  1st,  the  sura  of  all  those 
in  eitherof  the  concentric  circular  spaces  above  mentioned, 
together  with  the  central  number  12,  amount  to  360,  the 
same  as  the  number  of  degrees  in  a  circle. 

2.  The  numbers  in  each  radius  also,  together  with  the 
central  number  12,  make  just  360. 

3.  The  numbera  in  half  of  any  of  the  above  circular 
spaces,  taken  diher  above  or  below  the  double  horiionlal 
liue,  with  half  the  central  number  13,  make  just  180,  or 
hall  the  degrees  in  a  circle. 

4.  If  any  four  adjoining  numbers  be  taken,  as  if  in  a 
square,  in  the  radial  divisions  o(  these  circular  spaces;  the 
sum  of  these,  with  half  the  central  number,  make  also  the 
same  IHO. 

5.  There  are  also  included  four  sets  of  other  circular 
spacer  bounded  by  circles  that  arc  cxcentric  with  regard 
to  the  common  centre ;  caih  of  which  seis  contain  five 
spaces;  and  thi'ir  centres  being  at  a,  b,  c,  d.  For  dis- 
lineti'on,  Ihtie  circli's  arc  draivn  with  different  marks, 
some  dotted,  othem  by  short  unconnected  lines,  &c ;  or 
still  better  with  inks  of  divers  colours,  as  blue,  red,  green, 
yellow. 

These  sets  of  cxcentric  circular  spaces  intersect  those 
of  the  concentric,  ami  each  other;  and  yet,  the  numbers 
contained  in  each  of  the  exccntric  spaces,  taki'n  all  around 
through  any  of  the  20,  which  are  exceniric,  make  the 
same  sum  as  those  in  the  concentric,  namely  36o,  when 
the  central  number  12  is  added.  Their  halvi-s  also,  taken 
above  or  below  the  double  horizontal  line,  with  hulf  the 
central  number,- make  up  ISO.  It  is  observable,  that 
there  is  not  one  of  the  numbers  but  what  belongs  at  least 
to  two  ofthe  circular  spaces  ;  !,ome  to  three,  some  to  four, 
some  to  five  :  and  yet  they  are  all  so  placed,  as  never  to 
break  the  rejquired  number  360,  in  any  of  the  28  circular 
spaces  within  the  primitive  circle.  They  have  ahn  other 
prupeitics.     Sec  Frankliu's  Exp.  and  Obs.  pa.  350,  edit. 
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4lo.  1769;  or  Feiguioti's  Tablts  «iid  TMctt,  1771, pa 
318;  or  my  Recreationi,  vol.  1,  pa.ia3. 

In  Dr.  Franklin's  ma^c  square,  above-mentioned,  tliree 
accidentally  erroneous  numbers  have  been  delected  by 
Isaac  Oalby,  Esq.  first-professor  at  the  Royal  Military' 
College,  which  be  has  communicated,  as  well  as  the  disico- 
vcry  of  a  tmdical  imperfection  in  the  square,  owing  to  an 
inequality  in  the  tivo  diagonals ;  for  though  the  halt  diago- 
nals have  the  proper  turns,  yet  the  whole  diagonals  huv« 
not.  Mr.  Dalby  has  tberefore  constructed  another  perfect 
magic  square  of  magic  squares,  engraven  on  pi.  19,  fig.  1. 
the  properties  of  which  arc  as  below. 

This  magic  Square,  made  with  the  series  1,  2,  3,  4,  lie, 
to  256,  is  composed  of  16'  magic  squares  of  16  cells  each  ; 
the  4  numbers  in  each  column,  or  diagonal  ofeach  of  these 
squares,  make  514,  and  consequeotly  each  column  or  dia- 
gonal of  the  great  square  is  514  ■  4  or  2056. 

The  principal  properties  are 

1.  The  sum  of  the  4  numbers  in  any  4  contiguous  cells 
forming  a  square  (the  square  of  2)  is  514;  thus,  226  -f-  32 
■h  2S5  -h  1  =514;  and  1  +  242  +  240  -«-  31  =  514, 
&c.    Consequently 

2.  The  sum  of  the  16  numbers  in  any  I6  cells  making 
a  square  (the  square  of  4)  is  514  n  4  =2056: —  in  any 
square  of  36  cells  (the  square  of  6]  the  sum  is  514  x  (): 
—and  514  X  16  in  a  square  of  64  cells:— 514  ■»  25  in 
thatof  lUOcells:— 514  x  36  in  a  square  of  144  cells  :— 
and5l4  x  49  inanyiquarc  havingl4  for  its  side.  Thus 
if  a  square  hole  just  the  size  of  16  cells  be  cut  in  a  paper, 
and  the  paper  laid  any  where  opun  tha  great  square,  the 
sum  of.  the  16  numbers  appearing  through  the  hole  will 
always  be  514  x  4.  If  the  hole  takes  in  36  celts,  the 
sum  is  514  X  9:  &c. 

3.  The  sum  of  the  4  corner  numbers  of  either  of  these 
squares  will  always  be  514. 

4.  The  sum  of  the  16  numbera  in  any  bent  row  whose  - 
halvesare  parallel  to  the  diagonals  is  3036:  thus,  fromSfi 
to  36.  and  from  I73  lo  151,  is  a  bent  row;  also,  from74 
to  23,  and  from  327  to  191  another  bent  row,  &c. 

5.  If  the  square  be  divided  horizontally,  or  vertically, 
through  the  middle,  the  halves  may  change  places,  and 
the  properties  of  the  square  will  remain  as  before. 

6.  If  the  square  be  cut  into  the  l6i>quares,  it  is  manifest 
that  atiy  four  of  them  will  make  a  magic  square  of  64 
cells;  and  any  nine  another  magic  square  qf  144  cells; 
consequently  as  many  ditlereiit  magic  squares  of  64  cells, ' 
and  also  of  144  cells,  may  be  made  with  the  16  sqimrcs, 
as  there  are  combinations  of  4  in  16,  and  of  9  in  16. 

The  construction  ofthe  great  square  cvidintly  depends 
Upon  that  ofamagicsquare-of  l6cells  having  ibe  sum  of 
the  4  numbers  in  any  square  composed  of  4  cells  always 
the  same.  To  construct  such  a  square  with  the  scries 
1,  2,3,  4,  &c.  to  16.    PirU,        T..}}—.*.  —  3*  the  sum 


in  each  column  or  diagonal,  or  ir 
range  the  I6  numbers  iis  in 
fig.  I.,  then  by  the  nature  of 
the  progression,  each  diago- 
nal will  contain  34:  and  the 
excess  above  34-  in  the  4lh  perpen- 
dicular column  im  the  right  is 
equal  lo  the  difecl  in  the  1st 
column  on  the  leli;  and  the  ex- 
cess and  defect  in  the  lower  and 
upper  hurizonlalcolumus  are  also 
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tile  same ;  hence  (tbe  corner 
numbere  Temainra^  if  2  and  15, 
3  and  14,  5  and  IS,  9  and  8  re> 
sp«ctively  choDga  places,  we  hare 
the  raagic  iquare  fig,  3.  In  this 
square,  however,  only  the  middle 
square  of  4c(^lls,  and  Ilie  ^corner 
«nea  contain  34  each:  but  in 
magic  squares  we  readily  obtain 
Tarieties  bff  shifting  the  columns  : 
tliu«  in  fig.  S,  the  3d  vertical  co- 
lumn from  tbe  left  may  be  made 
the  last  on  the  right,  or  tbe  3d 
iVoiti  the  left  made  the  1st,  and 
ifae  two  upper,  or  the  two  lower 
horizontal  columns  take  place  of 
one  another ;  either  of  these  ar- 
rangemenis  will  answer:  thus,  let 
the  3d  vertical  column  be  brought 
OQ  the  left,  and  change  the  two 
upper  horizontal  columns  one  for 
tbe  other,  snd  we  get  (he  magic 
square  fig.  3,  having  34  in  any 
square  of  4  cells. 

.It  will  now  be  perceived  that  the  numbers  in  fig.  3, 
consist  of  pairs  situated  alternately,  the  sums  being  18  and 
i6  mpectivcly;  thus  10  -t-  8,  15  +  1,  6  +  12,  &c,  are 
pain.  Hence,  lu  mtke  ihc  great  square  with  the  scries 
1,  2i  3,  4,  Stc.  to  256,  let  the  numben  be  arranged  thus 
356  255' 254  253  252  351  . 
2  14  3^5*"=- 
the  pairs  making  258,  256,  358,  &c,  and  call  the  upper 
or  greater  numbers  the  complements  of  the  lower  or  letscr 
numbers :  then  arrange  the  first  32 
numbers  of  the  lower  series  (consisting 
of  the  numbers  from  1  to  i28}'!is  in 
the  margin:  next,  place  the  8  upper 
numbers  with  their  complements  in  a 
square  of  l6  cells  in  the  same  order, 
from  the  least  to  the  grcnteai,  as  they 
stand  in  fig.  3,  and  we  shall  have  the 
first  or  corner  square  of  the  great 
square  on  the  left  at  top. 
lnfig.B.  ■    \  1  a   a    «    »    6    T    8 
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The  next  8  numbers,  or  3,  4,  13,  14,  ip,  50,  2<),  30, 
with  their  complements,  make  llie  2d  square  downwards, 
and  so  nn  for  the  four  first  squares  on  the  left.  And  for 
the  next  4  squares,  the  numbers. from  32  to  64  are  ar- 
ranged ns  flbove  :  and  two  more  arrangements,  riz,  from 
64  111  pti,  and  from  96  to  128,  in  the  same  manner,  will 
complete  the  1 6  squares. 

It  is  nl ready  remarked  that  the  pairs  fall  alternately  in 
fii;.  3;  and  the  same  order  necessarily  resulis  in  the  great 
square;  the  pairs  making  2SS  and  256  throughout:  and 
258-1-256  =  514;  iheiefore  when  two  numbers  wiih 
their  complements  occupy  a  square  of  i  ells,  it  is  obvious 
their  sum  is  514;  but  the  sum  will  also  b»{  equal  to 
258  +■  256,  when  the  4  numbers  belong  to  4  pair,  the 
excess  on  one  side  being  equal  to  the  defect  im  the  other ; 
thus,  taking  the  numbers  in  the  2d  and  3d  horizontal  co- 
lumns by  fours,  32  ■+■  239  =  271,  I  -t-  242  =  243,  now 
271  -  256  =  JI5,and  258  -  243  =  15,  therefore  271  -^ 
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2i3  a  tSS  -h  356;  and  the  like  of  any  other  4  adjacent 
numbers  in  the  two  ranks. 

But  Dr.  Franklin,  instead  of  taking  256  and  258  alter- 
nately, begins  with  two  pair  of  258  in  succession  :  thus, 
200  -«-  58  =  258,  the  first  pairat  top ;  then  1 98  -«-  60  =:  358, 
the  next  under ;  and  these  are  followed  by  four  pair  of  35if 
each ;  thus,  201  -•-  55  =  256,  the  &nt  pair;  then  203  f 
53  3=  256  the  next  under,  &c ;  and  the  two  pair  at  the 
bottom  of  the  column  are  258  each,  or  196  +  62,  and 
194  +  64.  His3dverticalcolumnbeginiatlop  with  two 
pair  of  256  each,  and  these  are  followed  by  four  psir  of 
258.  In' this  manner  he  has  a  regular  alternation  of  2 
pair  and  4  pair,  throughout  hit  square;  but  this  con- 
struction will  not  answer  diagonally,  and  therefore  bis 
square  is  radically  wrong,  and  cannot  be  mended  but  by  a 
new  one. 

The  doctor's  smaller  square  too,  of  64  cells  (in  plale  5 
in  his  Works),  is  constructed  in  a  manner  similar  to  his 
large  one,  namely,  by  pairs  of  numbers,  whose  sums  are  ' 
66  and  64;  but,  instead  ofthesesnms  or  pairs  being  alter- 
nate, we  find  66  first,  then  two  of  64  each  ;  next  66  (taking 
the  first  vertical  column  on  the  left,  and  proceeding  down- 
wards)': this  order  runs  through  the  whole  square,  and  in 
consequence  it  fails  diagonally,  one  diagonal  being  292, 
the  other  228. 

I>BSt  year  Mr.  Youle,schoulroasterat  Sheffield,  published 
an  Arithmetic,  to  which  is  added  a  tract  on  magic  squares: 
in  this  we  are  informed,  that  the  Rev.  Mr.  Walsun  of 
Whitby,  in  a  small  treatise  lately  published,  has  noticed 
the  deficiencies  in  Doctor  Franklin's  square,  and  has  given 
a  rns^c  square  of  256  cells,,with  the  following  additional 
property,  via — ^"  the  4  corner  numben  of  every  interior 
square  whose  root  is  an  even  number,  whether  concentric 
or  not  to  tbe  great  square,  always  make  514." 

Watson  has  also  analysed  the  doctor's  magic  circle  of 
circles,  which  is  made  with  the  numbers  of  a  magic  square 
of  64  cells  (tbe  numbers  from  12  to  75). 

The  square  in  Ybulcs  book  is  cou:itructed  with  pairs  of 
256  and  25P,  asin  Dr.  F.'s  and  miue:  hut  Youle's  theory 
and  mine  arc  lolally  different. 

■  MAGICAL  Picture,  in  J^lectricity,  was  first  contrived 
by  Mr.  Kinnersley,  and  is  thus  constructed:  Having  a, 
large  mrzzotinto  with  a  frame  and  glass,  as  of  the  king  for 
instance,  take  out  tbe  print,  and  cut  a  pannel  out  of  it, 
near  two  inches  distant  from  the  frame  all  around ;  then 
with  thin  paste  orgnm-watcr,  fix  the  border  that  is  cut  off 
on  the  inside  of  the  glass,  pressing  it  smooth  and-close; 
then  fill  up  the  vacancy  by  gilding  tl\e  glass  well  with  leaf- 
gold  or  brass.  Gild  likewise  the  inner  edne  oflhcbachof 
the  frame  all  around,  except  the  top  pari,  and  form  a 
communication  between  thnt  gilding  and  the  gilding  be- 
hind the  glass ;  then  put  in  the  board,  and  that  side  ii 
finished.  Next  turn  up  ihc  glass,  and  gild  the  foieside  ex- 
actly over  the  back  gilding,  and  when  it  is  dry,  cover  it 
by  pasting  on  the  pannel  of  the  pictVire  that  has  been  cut 
out,  obu^rving  to  bring  the  corresponding  parts  of  tbe 
border  and  picture  togciber,  by  which  means  the  picture 
will  appear  entire,  as  at  first,  only  part  behind  the  glass,' 
and  part  before. 

Hold  tbe  picture  horizontally  by  the  top,  and  place  a 
small  moveable  gilt  crown  on  the  king's  head.  If  now  the 
picture  be  moderately  electrified,  and  another  person  take 
hold  of  tbe  frame  with  one  hand,  so  that  his  fingers  touch ' 
its'inside  gilding,  and  with  Che  other  hand  endeavour  to 
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Uk*  off  the  crown,  he  will  receive  <t  violtnt  blow.  Mid  &il  Th«  magnet  ii  uiuall;  found  in  iran-aiiM*,  uidtoiMi- 

i'n  the  atteoipt.     If  the  picture  were  highly  charged,  the  times  in  very  Ui^  piece*,  half  raaguet,  half  iron.     lU  co- 

ooDiequencs  might  be  as  fatal  as  that  of  high  ireaibn.  lour  it  diferent,  as  found  in  different  couotriei.    Norman 

The  operator,  who  holds  the  picture  by  the  upper  end,  ohierTM,  that  the  best  are  those  brought  from  China  and 

where  the  inside  of  the  frame  ii  not  giltj  to  prevent  its  bengal,  which  are  of  a  niity  or  laoguinc  colour ;  thoia 

falling,  feels  nothing  of  tlieshock,  and  may  touch  the  hce  of  Arabia  are  reddish  ;  those  of  Macedonia,  blackish  ;  and 

of  the  picture  without  danger.     And  if  a  ring  of  penons  thoee  of  Hungary,  Germany,  England,  &c,  the  colour  of 

take  the  shock  among  them,  the  experiment  is  called  the  unwrought  iron.     Neither  its  figure  nor  bulk  are  constant 

conspirators.  See  Franklin's  Exper.  and  Obierv.  pa.  30.  or  determined;  being  found  of  all  sh^es  and  sizes. 

MAGINI  (Johk-Akthoht),  orMAGivns,  professor  The  ancients  reckoned  five  kinds  of  magnets,  difiierentin 

of  mathematics  in  the  university  of  Bologna,  was  bom  at  colour  and    virtue:  the  Elhiopic,  Magoetian,    Bceotic, 

Puiuain  the  year  1536.     Magini  was  remarkable  for  bis  Alexandrian,  and  Nalolian.     They  also  fitncied  it  to  br 

great  aatiduity  in  acquiring  and  improving  the  knowledge  male  and  female :  but  the  chief  use  they  made  of  it  wa» 

of  the  mathematical  sciences,  with  several  new  inventions  in  medicine;  especially   fur  the  cure  of  burns  and  de- 

for  these  purposes,  and  for  the  extraordinary  favour  he  fluxions  of  the  eyes. — The  moderns,  more  happy,  take  it 

ubtaiiied  from  moil  princes  of  bis  time.     This  doubtless  to  conduct  ihem  in  their  voyages. 

arose  partly  from  the  celebrity  be  had  in  matters  of  astro-  The  most  distinguishing  properties  of  the  na^wt  are, 

logy,  to  which  be  wnsgreatly  addicted;  making  horoscopes.  That  it  attracts  iron,  and  that  it  points  towards  the  poles 

Knd  foretelling  events,  both  relating  to  penons  and  things,  of  the  world  ;  and  in  other  circumstances  alio  dips  or  in- 

He  was  invited  by  the  Emperor  Rodolphus  to  come  to  clines  to  a  point  beneath  the  horizon,  directly  under  the 

pale  ;  it  also  communicates  these  properties,  by  contact, 
to  iron.  By  means  of  which,  are  obtained  the  mariner's 
needles,    both   horizontal    and   inclinatory  or  dipping 

7%e  Allracthe  PowtrnffheiiAa.siT,  was  known  to  the 
ancients,  and  is  mentioned  even  by  Plato  and  Euripides, 
who  call  it  the  Herculean  stone,  because  it-  commands 

1,  which  subdues  every  thing  else :  but  the  knowledge 
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Vienna,  where  be  promised  him  a  professor' 
the  year  1697  i  but  not  being  able  to  previ 
settle  there,  be  nevertheless  gave  him  a  handsome  pension. 
It  is  said,  he  was  so  much  addicted  to  astrological  pre- 
dictions, that  he  not  only  foretold  many  good  and  evil 
events  relative  to  others  with  success  ;  but  even  foretold 
his  own  death,  which  came  to  pass  the  sane  year:  all 
which  he  represented  ns  under  the  influence  of  the  stars. 
Tomasini  says,  that  Magini,  being  advanced  to  his  6lst     of  its  directive  power,  by  which  it  disposes  its  poles  along 


u  struck  with  an  apoplexy,  which  ended  his  days ; 
and  that  a  long  while  before,  he  had  told  him  and  others, 
that  he  was  afraid  of  that  year.  And  Roffeni,  bispupil, 
says,  that  Magini  died  under  an  aspect  of  the  planets, 
which,  according  to  hii  own  prediction,  would  prove  fatal 
;  and  he  mentions  Riccioli  as  affirming  (hat  be  said. 


the  meridian  of  every  place,  or  nearly  so,  and  < 
needles,  pieces  of  iron,  &c,  touched  with  it,  to  point 
nearly  north  and  south  olio,  is  of  a  much  later  date; 
though  the  discoveier  himself,  and  the  exact  time  of  the 
discovery,  be  not  now  known.  The  first  mention  <^  it  is 
about  1360,  when  it  has  been  said  that  Marco  Polo,  a 


the  figure  of  his  nativity,  and  hii  climacteric  year,  doomed     Venetian,  introduced  the  mariner's  compass ;  though  not 

him  to  die  about  that  time;  which  happened  in  l6l8,  in  "'  .     ".  ■ 

ihe  62d  year  of  his  age. 

His  writings  however  do  hononr  to  his  memory,  as  they, 
were  very  considerable,  and  on  learned  subjects.  The 
principal  were  the  following:  1.  His  Ephemeris,  in  3  vo- 
lumes, from  the  year, 1580  to  1630.— 2.  Tables  of  Se- 
condary Motions. — 3.  Astronomical,  Gnomonical,  and 
Geographical  Problems. — 4.  Theory  of  the  Planets,  ac- 
fording  to  Copernicus. — S.  A  Confutation  of  Scaliger's 
Dissertation  concerning  the  Precession  ot  the  Equii 


as  an  invention  of  his  own,  but  as  derived  from  the  Chi- 
nese, who  it  seems  had  the  use  of  it  long  before  ;  though 
someimagine'that  the  Chinese  rather  borrowed  it  from  the 
Europeans. 

But  Flaviode  Giro,  a  Neapolitan,  who  lived  in  the  13th 
century,  is  the  person  usually  supposed  to  have  the  best 
title  to  the  discovery ;  and  yet  Sir  G,  Wheeler  mentions, 
that  he  had  seen  a  hook  of  astronomy  much  older,  which 
supposed  the  use  of  the  needle;  though  not  as  applied  to 
the  purposes  of  navigation,  but  of  astronomy.     And  ii 


■6.  A  Primum  Mobile,  in  19  books. — 7.  A  Treatise  of  Guiot  de  Provins,  an  old  French  poet,  who  wrote  about 

Plane  and  Spherical  Trigonometry. — B..  A  Commentary  the  year  1186,  there,  is  an  express  mention  made  of  ihe 

on    Ptolemy's   Geography. — 9.  A   Cfaorographical    De-  loadstone  and  the  compass;  and  their  use  in  navigation 

scriptionof  the  Regions  and-Cilies  of  Italy,  illustrated  with  obliquely  hinted  at. 
40  maps;  with  some  papers  on  astrological  subjects.  Tie  KanoltonqftAe  Magnet,  or  needle,  or  its  deviation 

MAGNET,  Maonbb,  the  LoadttoTie;  a  kind  of  feiru-  from  the  pole,  was  first  discovered  by  Sebastian  Cabot,  a 

^notu  stone,  resemUing  iron  ore  in  weight  and  colour,  Venetian,  in  I  AGO;  and  the  variation  of  that  variation,  ot 

though  rather  harder  and  heavier;  and  is  endued  with  change  iDitsdircction,hy  Mr.  Henry  Gellibrand, professor 

divers  extraordinary  properties,  attractive,  directive,  in-  of  astronomy  in  Gresham-college,  about  the  year  1 625. 

clinatory,  &c.     See  Maonetisic.  Lastly,  the  dip  or  inclination  of  the  needle,  when  at  liberty 

The  magnet  is  also  called  lapis  Heraclmus,  from  Hent-  to  play  vertically,  to  a  point  beneath  the  horizon,  was  first 

clea,  a  city  of  Magnesia,  a  pon  of  the  ancient  Lydio,  discovered  by  another  of  our  countrymen,  Mr.  Robert 

where  itwas  said  to  have  been  first  found,  and  from  which  Norman,  about  the  year  1 570- 

it  U  usually  supposed  that  it  took  its  name,     lliough         Tit  PAenomena  ^  the  Mabket,  ore  as  follow:  1,  In 

some  derive  the  word  from  a  shepherd  named  Magnet,  every  magnet  there  are  two  poles,  of  which  the  one  points 

who  first  discovered  it  on  mount  Ida  with  the  iron  of  his  nor^wardi,  the  other  southwards,  when  it  is  freely  sus- 

crook.     It  is  also  called  lapis  nauticus,  from  its  use  in  pended ; ,  and  if  the  mpgaet  be  divided  into  ever  so  many 

navigation :  also  siderites,  from   its  virtue  in  attracting  pieces,  the  two  poles  will  be  found  in  each  piece.     Hie 

iron,  which  the  Greeks  call^-i^jfSf.  poles  of  a  magnet  may  be  found  by  holding  a  Tcry  fine 
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riiOTt  ueeAo  over  it ;  for  when  the  pelei  nre,  the  need)*  the  win  were  not  entirely  bent,  lo  tli4t  the  endi  of  tt,- 
will  stand  upright,  but  no  where  elK.~2,  l^ese  poles,  in  though  but  for  the  length  of  one-tenth  of  «n  inch,  wen 
diSerant  p«n«  of  the  globe,  are  diSerently  iAclined  towanh  left  straight,  the  virtue  will  not  be  dettroyed  in  thoM 
«  paint  under  the  horiion. — 3,  And,  though  contrary  to  ptrtej  though  it  will  in  all  Ike  rot.— SO.  I'he  sphere  of 
each  other,  do  help  mutually  towards  the  magnet's  attrac-  activi^  of  magnets  is  greater  and  leu  at  different  times, 
tioD  and  suspension  of  iron.— ri,  If  two  mngnets  be  sphe-  '  Also,  the  variation  of  the  needle  from  the  meridian,  it 
ricol,  one  will  turn  or  conform  itself  to  the  other,  so  as  various  at  different  times  of  the  day, — 2), .By  twisting  a 
either  of  them  would  do  to  the  earth;  and'aiier  they  have  piece  of  wire  touched  with  a  magnet,  its  virtue  is  grcatlj 
so  conformed  or  turned  themselves,  they  endeavour  to  diminished;  and  sometimes  so  disordered  and  confused, 
approach  or  join  each  other;  but  if  placed  in  a  contrary  that  in  some  parts  it  will  attract,  and  in  others  repel;  and 
position,  they  avoid  each  other. — S,  If  a  magnet  be  cut  even,  in  some  places,  one  side  of  the  wire  seems  to  be  at- 
tbrough  the  axis,  the  segments  or  parts  of  the  Btone,'which  tracted,  and  the  other  side  repelled,  by  one  and  the  same 
before  were  joined,  will  now  avoid  and  tly  each  other.—  pole  of  the  stone. — 92,  A  piece  of  wire  that  has  been 
6,  If  the  magnet  be  cut  perpendicular  to  its  axis,  the  two  touched,  on  being  split,  or  cleft  in  two,  the  poles  are 
poiKts,  which  before  were  conjoined,  will  become  contrary  sometimes  changed,  as  in  a  cleft  magnet ;  the  north  pole 
poles;  one  in  each  segment. — 7,  Iron  receives  virtue  from  becoming  the  south,  and  the  south  the  north:  and  yet 
die  magnet  by  application  to  it,  or  barely  from  an  ap-  sometimes  one  half  of  the  wire  will  retain  it«  former  poles, 
proBch  near  it,  though  it  do  not  touch  it;  and  the  iron  and  the  other  half  will  have  them  changed. — 23,  A  wire 
receives  this  virtue  variously,  according  (o  the  parts  of  the  'being  touched  from  end  to  end  with  one  pole  of  a  magnet, 
(tone  it  is  mode  to  touch,  or  even  approach  to. — 8,  If  An  the  end  at  which  you  begin  will  always  turn  contrary  to 
oblong  piece  otiron  be  in  any  manner  applied  to  the  stone,  the  pole  that  touched  it :  and  if  it  be  again  touched  the 
it  receives  virtue  from  it  only  lengthways.— r9,  The  magnet  same  way  with  the  other  pole  of  the  magnet,  it  will  then 
loses  none  of  its  own  virtue  by  commnnicating  any  to  be  turned  the  contrary  way.— 34,  If  a  piece  of  wir«  be 
the  iron;  and  this  virtue  it  can  communicate  to  the  iron  tonched  in  the  middle  with  only  one  pole  of  the  magnet, 
very  speedily :  though  the  longer  the  iron  joins  or  touches  without  moving  it  backwards  or  forwards;  in  that  place 
the  stone,  the  longer  will  it  matDtoin  its  communicated  will  be  the  pole  of  the  wire,  and  the  two  ends  will  be  the 
virtue;  and  abetter  magnet  wilt  communicate  more  of  other  pole. — 3d,  If  a  magnet  be  heated  red-hot,  and  again 
it,  and  sooner,  than  one  not  so  good.- — 10,  Steel  recxivn  cooled  either  with  its  south  pole  towards  the  .north  in  a 
virtue  from  the  magnet  better  thin  iron.— 11,  A  needle  horiiontal  position,  or  with  its  south  pole  downwards  in  a 
touched  by  a  magnet  will  turn  its  ends  the  some  way  to-  perpendicular  position,  its  poles  will  be  changedj^^fi,  Mr. 
wards  the  poles  of  the  world,  as  the  magnet  itself  does. —  Boyle  (to  whom  we  are  indebted  for  (he  following  magno- 
li.  Neither  loadstone  nor  needles  toiKhed  by  it  conform  tical  phenomena)  found  he  could  presently  change  the 
ihtar  poles  exactly  to  those  of  the  world,  but  have  usually  poles  of  a  small  fragment  of  a  loadstone,  by  applying  them 
some  variation  from  them :  and  this  variation  is  different  to  the  opposite  vigorous  poles  of  a  large  one.— 37,  Hard 
ID  different  places,  and  at  divers  times  in  the  same  places,  iron  tools  well  tempered,  when  heated  by  a  brisk  attrition, 
—IS,  A  iMulstone  will  take  up  much  more  iron  when  -«s  filing,  turning,  &C,  will  attract  thin  filings  or  chips  of 
armed;  or  capped,  than  it  can  alone.  (A  loadstone  is  iron,steeI,&c;  andhenceweobservethatfiles.pnnches.au- 
said  to  be  armed,when  its  poles  are  surrounded  with  plates  gres,&c,  have  asmalldt^ree  of  magnetic  virtue,— 38,  The 
of  steel :  and  to  determine  the  quantity  of  steel  to  be  ap-  iron  bars  of  windows,  Scc,  which  have  stood  a  long  time 
plied,  try  the  magnet  with  several  steel  bars ;  and  the  in  an  erect  position,  grow  permanently  magnetical ;  the 
greatest  weight  it  takes  up,  with  a  bar  on,  is  to  be  the  lower  ends  of  stich  bars  being  the  norih  pole,  and  the  up- 
weight  of  its  armour.)  And  though  an  iron  ring  or  key  .  per  end  the  south  pole.^Sp,  A  bar  of  iron  that  has  not 
be  suspended  by  the  loadsfone,  yet  this  does  not  hinder  stood  long  in  an  erect  posture,  if  it  be  only  held  perpen- 
the  ring  or  Icey  from  turning  round  any  way,  eithet  to  dicularly,  will  become  magnetical,  and  its  lower  end  the 
the  right  or  left. — 14,  The  force  of  a  loadstone  may  be  north  pole,  as  appears  from  its  aitracting  tbe  south  pole 
variously  increased  or  lessened,  by  variously  applying  to  of  a  needle:  but  then  this  virtue  is  transient,  and  by  in- 
jt,  either  iron,  or  another  loadstone. — 1 5,  A  strong  mag-  verting  (he  bar,  the  poles  change  their  places.  In  order 
net  at  the  least  distance  from  a  smaller  or  weaker  one,  therefore  to  render  the  quality  permanent  in  on  iron  bar, 
cannpt  draw  to  it  a  piece  of  iron  adhering  actually  to  such  it  must  continue  a  long  time  in  a  proper  position.  But  Are 
smaller  or  weaker  itone;  but  if  it  touch  it,  it  can  draw  it  will  producethe  effect  in  a  short  time:  for  as  itwillimme- 
from  the  other :  but  a  weaker  magnet,  or  evrn  a  small  diately  deprive  a  loadstone  of  its  attractive  virtue ;  so  it 
piece-of  iron,  can  draw  away  or  separate  a  piece  of  iron  soon  gives  a  verticily  to  a  bar  of  iron,  if,  being  heated  red 
contiguous  to  a  larger  or  stronger  magnet. — 16,  In  these  hot,  it  be  cooled  in  an  erect  posture,  or  directly  north  and 
northern  parts  of  the  world,  the  south  pole  of  t  magnet  south.  Even  tongs  and  fire-forks,  by  being  aftea  heated, 
will  raiiie  up  more  iron  than  its  north  pole— 17,  A  plate  and  set  to  cool  again  in  a  posture  nearly  erect,  have  gained 
of  iron  only,  but  no  other  body  interposed,  can  impede  this  magnetic  property.  Sometimes  iron  bars,  by  long 
the  operation  of  the  loadstone,  either  as  to  its  attractive  standing  in  a  perpendicular  position,  have  acquired  the 
or  directive  quality. — 18,  The  power  or  virtue  of  a  load-  magnetic  virtue  in  a  turprisiiig  degree.  A  bar  about  10 
Stone  may  be  impaired  by  lying  long  in  a  wrong  position,  feet  long,  and  threejnches  thick,  supporting  the  summer 
OS  also  by  rust,  wet,  tec;  and  may  be  quite  destroyed  by  beam  of  a  room,  was  able  to  turn  the  needle  at  8  or  10 
fire,lightning,Sce.— 19,  Apieceof  ironwirewelllouched,  feet  distance,  and  exceeded  a  loadstone  of  Si  pounds 
on  being  bent  round  in  a  ring,  or  coiled  round  «n  a  stick,  weight :  from  the  middle  point  upwards  it  was  a  north 
&c,  will  always  have  its  directive  virtue  diminished,  and  pole,  and  downwards  a  south  pole.  And  Mr.  Martin 
oStia  quite  destroyed.    And  yet  if  the  whole  length  of  tncD^ou  a  bar,  which  bad  been  the  beam  of  a  large  steel- 
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yard  tbat  bad  terentl  poles  in  iL — 30,  Mr.  Boyle  found, 
that  by  heating  a  piece  of  English  oker  red-hot,  and 
placing  it  to  cool  in  a  proper  posture,  it  mani Fes ily  acquired 
«  magnetic  virtue.  And  an  excelknt  magnet,  belonging 
to  the  same  ingenious  gentleman,  having  lain  near  a  year 
in  an  inconvenient  posture,  had  its  virtue  greatly  impair- 
ed, as  if  it  had  been  by  fire. — SI,  A  needle  well  touched, 
it  is  known,  will  point  north  and  souib;  if  it  have  one 
contrary  touch  of  the  laine  stone,  it  will  be  deprived  of 
its  faculty;  and  by  another  such  luucb,  it  will  have  its 
poles  interchanged. — 32,  If  an  iron  bar  have  gained  a  ver- 
ttcity  by  being  heated  red-hot  and  cooled  again,  north, 
and  south,  and  then  hamracred  at  ihetwoends;  its  virtue 
will  be  destroyed  by  two  or  tbrec  smart  blows  on  the 
middle. — 33,  By  drawing  the  back  of  n  knife,  or  a  long 
piece  of  steel-wire,  &c,  leisurely  over  the  pole  of  a  load- 
stone, carrying  the  motion  from  the  niiildLe  of  tlie  stone 
to  the  psle;  the  knife  or  wire  will  attract  one  end  of  a 
neeille;  but  if  the  knife  or  wire  be  passed  from  tliciiaid  pole 
to  the  middle  of  Cbe  stone,  it  will  repel  the  same  end  of 
the  needle. — 34,  Either  a  magnet  or  a  piece  of  iron  being 
laid  on  a  piece  of  cork,  so  as  to  float  freely  on  water;  it 
will  be  found,  that,  whichever  of  the  two  is  held  in  the 
hand,  the  otber  will  be  drawn  to  it :  lo  that  iron  attracts 
the  magnet  as  much  as  it  is  attracted  by  it;  action  and 
re-action  being  always  equal.  In  this  experiment,  if  the 
magnet  be  set  afloat,  it  will  direct  its  two  polea  to  the 
poles  of  the  world  nearly. — 35,  A  knife  &c  touched  with 
a  magnet,  acquires,  a  greater  or  less  degree  of  virtue,  ac- 
cording to  the  part  it  is  touched  on.  It  receives  the 
strongest  virtue,  when  it  is  drawu  leisurely  from  ihc  handle 
towards  the  point  over  one  of  the  poles.  And  if  the  same 
knife  thus  touched,  and  thus  possessed  of  a  strong  attrac- 
tive power,  be  retouched  in  a  contrary  direction,  viz,  by 
drawiitg  it  from  the  point  towards  the  handle  over  the 
same  pole,  it  immediately  loses  all  its  virtue. — 36,  A  mag- 
net acts  with  equal  force  in  vacuo  as  in  the  open  air.~- 
37,  The  smallest  magnets  have  usually  the  greatest  power 
in  proportion  to  their  balk.  A  large  magnet  will  seldom 
take  up  above  3  or  4  times  its  own  weight,  while  a  small 
one  will  often  take  up  more  than  ten  limes  its  weight  A 
magDet  worn  by  Sir  Isaac  Newton  in  a  ring,  and  which 
weighed  only  3  grains,  would  take  up  746  grains,  or  almost 
350  times  its  own  weight.  A  magnetic  bur  made  by  Mr- 
Canton,  weighing  10  oa.  1£  dwts,  took  up  mure  than  79 
ounces;  and  a  flat  semicircular  steel  magnet,  weighing 
loz.  13  dwts,  took  up  an  iron  wedge  of  90  ounces. 

Armed  Magnet,  denotes  one  that  is  capped,  cased,  or 
set  in  iron  or  steel,  to  make  it  take  up  a  greater  weight, 
and  also  more  readily-  to  distinguish  its  poles.  For  the 
methods  of  doing  this,  see  Mr.  Michell's  book  on  this 

Artificial  Maonet,  is  a  bar  of  iron  or  steel,  impreg- 
nated with  the  magni'tic  virtue,  so  as  to  possess  all  the' 
properties  of  the  natural  loadstone,  and  be  used  instead 
of  it.  How  to  make  magnets  of  this  kind,  by  means  of  a 
natural  magnet,  and  even  without  the  assistance  of  any 
magnet,  was  suggested  many  years  since  by  Mr,  Savary, 
and  particularly  described  in  the  Phitos.  Trans.  No. 
414.  See  also  my  Abridgment,  vol.  7,  pa.  400.  But  as 
his  method  was  tedious  and  operose,  though  capable  of 
communicating  a  very  considerable  virtue,  it  was  little 
practised.  Dr.  Gowin  Knight  £rst  brought  this  kind  of 
magnets  to  their  present  state  of  perfection,  so  as  to  be 
even  of  mach  greiUei  efficacy  than  the  natural  ones.   But 


as  he  foolishly  refused  to  discover  bis  methods  on  an* 
terms  whatever,  these  curious  and  valuable  secrets  in 
a  great  measure  died  with  bira.  The  result  of  hie  method 
however  was  first  published  in  the  Philos.  Trans,  fur  1744, 
art  8,  and  for  1745,  art.  3.  See  abo  the  vol.  fur  1747, 
art.  ?.  And  in  the  69th  vol.  Mr.  Benjamin  Wilson  has 
given  a  process,  which  at  least  discovers  one  of  the  leading 
principles  of  Dr.  Knight's  art.  The  method,  according  t» 
Mr.  Wilson,  was  as  follows.  Having  provided  a  great 
quantity  of  clean  iron  Jilings,  he  put  them  into  a  large  tub 
that  was  more  than  one-third  fillrd  with  clean  water;  he 
then,  with  great  labour,  shook  the  tub  to  and  fro  for  many 
hours  together,  that  the  friction  between  the  gmins  tii 
iron,  by  this  treatment,  might  break  or  rub  off  such  small 
parts  as  would  remain  suspended  in  ihe  water  for  some  ■ 
lime.  The  water  being  thus  rendered  very  muddy,  be 
poured  it  into  a  clean  irup  vessel,  leanng  the  filings  behind; 
and  when  the  water  had  stood  long  enough  to  become 
clear,  he  poured  it  out  carefully,  without  disturbit^  such 
of  the  sediment  as  still  remained,  which  now  appeared 
reduced  almost  to  impalpable  powder.  This  powder  was 
afterwards  removed  into  another  vessel,  to  dry  it:  and 
having,  by  several  repetitions  of  the  process,  procured  a 
■ufficicn't  quantity  of  this  very  line  powder;  ibenext  thine 
was  to  make  a  paste  of  it,  and  that  with  some  vehicle  con- 
taining a  good  quantity  of  tiie  phlogistic  principle;  for 
this  purpose,  he  had  recourse  to  linseed  oil,  in  preference 
to  all  other  fluids :  and  with  these  two  ingredients  only,  he 
made  a  stiff  paste,  and  took  great  care  to  knead  it  weU 
before  he  moulded  it  into  convenient  shapes.  Sometimes, 
while  the  paste  continued  in  its  soft  state,  be  would  put 
the  impression  of  a  seal ;  one  of  which  is  in  the  British 
Museum,  This  paste  so  moulded  was  then  set  upon 
wood,  or  a  title,  to  dry  or  bake  it  before  a  moderate  &10, 
being  placed  at  about  one  foot  distance.  He  found  ihu 
a  moderate  Sre  wa;'  most  proper,  because  a  greater  degree 
of  heat  would  make  the  cotnposition  crack  in  many 
places,  The  time  requisite  for  the  baking  or  drying  of  this 
paste,  was  usually  about  5  or  6  hours,  before  it  attained  a 
sufficient  degree  of  hardness.  When  that  was  done,  and 
the  several  baked  pieces  were  become  cold,  he  gave  them 
their  magnetic  virtue  in  any  direction  be  pleased,,  by 
placing  them  between  the  extreme  ends  oE  his  large  mu- 
gaiine  of  artificial  magnets,  for  a  few  seconds.  The  virtue 
they  acquired  by  this  method  was  such,  that,  when  any 
of  those  pieces  were  held  between  two  of  his  best  ten^ui- 
nea  bars,  with  its  poles  purposely  inverted,  it  immediately 
of  itself  turned  about  to  recover  its  natural  direction, 
which  the  force  of  those  very  powerful  bars  was  not  suffi- 
cient to  counteract.     Philos.  Trans-  vol.  65,  for  1779. 

Methods  for  artificial  magnets  were  also  discovered  and 
published  by  the  Rev.  Mr.  John  Michell,  in  a  Treatise  on 
Artificial  Magnets,'  printed  in  1750,  and  by  Mr.  John 
Canton,  in  the  Philos.  Trans,  for  1751,  The  process  for 
the  same  purpose  was  also  found  out  by  other  persons, 
particularly  by  Du  Hamel,  Hist.  Acad.  Roy,  1745  and 
1750,  and  by  Marul  Uitgelecse  Natuurkund.  Verhand. 
torn.  2,  p.  261. 

Mr,  Canton's  method  is  as  follows:  Procure  a  doien 
of  bars ;  6  of  soft  steel,  and  6  of  bard  ;  the  former  to  be 
each  3  inches  long,  a  quarter  of  an  inch  broad,  ancTj-SOth 
of  an  in<;h  thick  ;  with  two  pieces  of  iron,  eat:h  half  the 
length  of  ope  of  the  bars,  but  of  the  same  breadth  and 
thickness;  and  the  6  hard  bars  to  be  each  5{  inches  long, 
half  an  inch  broad,  and  3*20ihs  of  an  inch  thick,  with 
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two  pieces  of  iron  of  half  the  lengtb,  but  the  wbolo 
'  breadth  and  tbickncn  of  one  of  the  hard  bare ;  and  let  all 
Ibe  biLrs  be  marked  with  s  line  quite  around  them  at  one 
end.  .  Tlfen  take  an  rron  poker  and  Eoiigs  (tig.  I,  plate  30), 
or  two  biirs  of  iron,  the  larger  tbey  are,  and  the  longer 
tliey  have  been  usi'd,  the  belter;  and  fixing  the  [lokcr 
upright  lietneen  the  knees,  hold  to  it,  near  the  top,  one  of 
the  soft  bare,  having  its  marked  end  downwards  by  a  piece 
of  sewing^lk,  which  must  be  pulled  tight  by  the  left 
band,  that  the  bar  may  not  slide :  then  gr.tsping  the  tongs 
vith  the  right  bund,  a  little  below  the  middle,  and  holding 
them  nearly  in  a  vertical  posicion,  let  the  bar  be  sLrokcd 
by  the  lower  end,  from  the  bottom  tn  the  top,  about  ten 
tiroes  on  each  bide,  which  will  give  it  a  magnetic  power. 
auflicient  to  lift  a  small  key  at  the  marked  end  :  which 
end,  if  the  bar  were  suspeiided  on  a  point,  would  tuin 
towards  the  ourth,  and  is  therefore  called  the  north  pole ; 
and  the  unmarked  end  \a,  fur  the  same  reason',  called  the 
loutb  pole.  Four  of  the  soft  bars  being  impregnated  in 
this  manner,  lay  the  two  (fig.  2)  parallel  to  each  other,  at 
a  quarter  of  an  inch  distance,  between  the  two  pieces  of 
iron  belonging  to  them,  a  north  and  a  south  pole  e^ainst 
each  piece  of  iron  ;  tiicn  take  two  of  the  four  bars  already 
made  ntagnetjcaj,  and  place  iheni  together,  so  a^  to  make 
a, double  bar  in  tbickJii-ss,  the  north  pole  of  one  even  with 
the  south,  pole  of  the  other ;  and  the  remaining  two  being 
put  to  these,  one  on  each  side,  so  as  to  have  two  north 
and  two  south  poles  together,  separate  the  n'oith  fr<3m  the 
south  poles  at  one  end  by  a.  large  pin,  and  pUcc  them  per- 
peqdiculacly  with  that  end  downward  un  the  middle  of 
one  of  the  parallel  bare,  the  two  north  poles  towards  its 
south  end,  and  the  two  south  poles  towards  its  north  end  ; 
slide  them  three  or  four  times  backward  and  forward  the 
whole  length  of  the  bat;  then  removing  them  from  the 
middle  of  this  bar,  place  them  on  the  middle  of  tlie  other 
bar  as  before  directed,  and  go  over  that  in  the  same  man- 
ner ;  then  turn  both  the  bars  the  other  side  upwards,  and 
repeat  the  former  operation:  which  being  dune,  take  the 
two  from  between  the  pieces  of  iron;  and,  placing  the.  two 
outermost  of  the  touching  bars  in  their  stead,  let  the  other 
two  be  the  outermost  of  the  four  to  touch  these  with ;  and 
this  process  being  repeated  till  each  pair  of  bars  kave  been 
^oiKhed  three  or  four  times  over,  which  will  give  them  a 
considerable  magnetic  power.  Put  the  half-doien  together 
after  the  manner  of  the  four  (lig.  3),  and  touch  them  with 
two  pair  of  the  hard  ban  placed  between  iheir  irons,  at 
the  distance  of  about  half  an  inch  from  each  other;  then 
lay  the  soft  bars  aside,  and  with  the  four  hard  ones  let  the 
sther  two  be  impregnated  (fig.  4),  holding  the  touching 
ban  apart  at  the  lower  end  near  ^th.of  an  inch  ;  to  which 
distance  let  them  be  separated  after  they  are  set  on  the  pa- 
rallel bar,  and  brought  together  again  before  they  are 
taken  off:  this  being  observed,  proceed  according  to  the 
method  described  above,  till  each  pair  have  been  touched 
two  or  three  times  over.  But  as  this  vertical  way  of 
touching  a  bar,  will  not  give  it  quite  so  much  of  the  mag- 
netic virtue  as  it  will  receive,  let  each  pair  be  now  touched 
once  or  twice  over  in  their  parallel  position  between  the 
irons  {&g.  5),  with  two  of  the  bare  held  horiiontnlly,  or 
nearly  so,  by  drawing  at  the  same  lime  the  north  end  of 
one  from  the  middle  over  the  south  end,  and  the  south  of 
the  other  from  the  middle  over  the  north  end  of  a  parallel 
bar;  ibeo  bringing  tiiem  to  the  middle  again,  without 
touching  the  parallel  bar,  give  three  or  four  of  these  bori- 
■ontal  lUokes  to  each  side.    The  horizontal  touch,  after 
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the  vertical,  will  make  tbe  bars  as  strong  as  they  possibly 
can  be  made,  as  appears  by  their  not  receiving  any  addi- 
tional strength,  when  the  vertical  touch  is  given  by  a  great 
number  of  bars,  aud  the  horizontal  by  those  of  a  superior 
magnetic  power.' 

This  whole  process  may  be  gone  through  in  abotit  half 
an  hour ;  and  each  of  the  large  ban,  if  well  hardened, 
may  be  made  to  lift  28  troy  ounces,  and  sometimes  more. 
And  when  these  bars  are  thus  impregnated,  they  will  give 
to  3  hard  bar  of  the  same  size  its  full  virtue  in  less  than 
two  minutes  ;  and  therefure  will  answer  ail  the  purposes 
of  magnetism  in  navigation  and  experimenul  philosophy, 
much  better  than  the  loadstime,  which  has  not  a  power 
sufficient  to  impregnate  bard  bars.  The  half  doien  being 
put  into  a  case  (fig.  6),  in  such  a  manner  as  that  no  two 
poles  of  tbe  same  name  may  be  together,  and  their  irons 
with  them  as  one  bar,  they  will  retain  tbe  virtues  they 
have  received  ;  but  if  their  power  should,  by  making  ex- 
periments, be  ever  SO  far  impaired,  U  may  be  resioivd 
without  any  foreign  assistance  in  a  few  minutes.  And  if 
perchance  k  much  larger  set  of  bars  should  be  required, 
these  will  communicate  to  them  a  sufficient  power  to  pro- 
ceed with  J  and  they  inay,  in  a  short  lime,  by  the  same 
method,  be  brought  to  their  full  ttiength, 

MAGNETISM,  lh«quality  or  constitution  of  a  body, 
by  which  it  is  rendered  magneiical,  or  a  magnet,  sensibly 
attracting  iron,  and  giving  it  a  meridional  direction. — This 
is  a  transient  power,capablc  of  being  produced,  destroyed, 
or  restored. 

The  Lawi  of  Maosetihh. — These  laws  are  laid  down 
by  Mr,  Whiston  in  the  following  propositions. — 1.  The 
loadstone  has  both  an  attractive  and  a  directive  power 
united  together,  while  iron  touched  by  it  has  only  the 
former;  V.  e,  the  magnet  not  only  attracts  needles, or  steel 
filings,  but  also  direct)  them  to  certain  different  angles, 
with  respect  to  its  own  surface  and  axis;  whereas  iron, 
touched  with  it,  does  little  or  nothing  more  than  attract 
them  ;  still  suffering  ibem  to  lie  along  or  stand  perpen- 
dicular to  its  surface  and  edges  in  all  places,  without  any 
such  special  direction. 

2.  Neither  the  strongest  nor  the  largest  magnets  give  a 
better  directive  touch  to  needles,  than  those  of  a  less  siae 
or  virtue-:  to  which  may  be  added,  that  whereas  there  are 
two  qualities  in  all  magnets,  an  attractive  and  a  directive 
one,  neither  of  them  depend  on,  or  are  any  proof  of,  the 
Strength  of  the  other. 

3.  The  attractive  power  of  magnets,  and  of  iron,  will 
greatly  increase  or  diminish  tbe  weight  of  needles  on  the' 
balance;  nay,  it  will  overcome  that  weight,  and  even 
sustain  somo  other  additional  also:  wbik  the  directive 
power  has  a  much  smaller  effect.  Gassendus  indeed,  as 
well  as  Mersennus  and  Gilbert, assert  that  it  has  none  at  all : 
but  this  is  a  mistake;  for  Whiston  found,  from  repeated 
trials  on  large  needles,  that  after  the  touch  they  weighed 
less  than  before.  One  of  4584i grains,  lostS^  grains  by 
the  touch  ;  and  another  of  65736  grains  weight,  no  less 
than  14  grains. 

4.  It  is  probable  that  iron  consists  almost  wholly  of  the 
attractive  particles;  and  the  magnet,  of  the  attractive  and 
directive  together;  mixed,  probably,  with  other  hetero- 
geneous matter;  as  having  never  been  purged  by  the 
fire,  which  iron  has;  and  hence  may  arise  the  reason  why 
iron,  afterit  has  been  touched,  will  lift  up  a  much  greater 
weight  than  the  loadstone  that  touched  it> 

5.  The  quantity  and  direction  of  magnetic  powen, 
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eommnnicited  to '  needles, .  are  not  properly,  tfler  such 
com  muni  cation,  owing  to  the  magnet  which  gave  the 
touch  ;  but  to  the  goodness  of  the  ■teel  that  receives  it, 
mnd  to  the  strength  and  position  of  the  terrestrial  loadstone, 
nhose  influence  alone  those  needles  are  afterwards  subject 
to,  and  directed  by:  so  that  atl  such,  needles,  if  good, 
move  with  the  same  strength,  and  point  to  the  same  angle, 
whatever  loadstone  they  may  have  been-  excited  by,  pro- 
vided it  be  but  a-  good  one  Nor  does  it  seem  that  the 
touch  does  much  more  in  magnetical  cases,  than  attrition 

does  in  electrical  ones ;  i.  e.  serving  to  rub  off  some  ob-  the  proportions  of  the  magnetic  force  with  respect  to  dis- 
strucling  particles,  that  adhere  to  the  surface  of  theste^el,  tance:  Thus,  Newton  supposes  it  to  decrease  nearly  in  the 
and  opening  ihe  pores  of  the  body  touched,  thus  making     triplicate  ratio  of  the  distance:  Mr.  Martin  observes,  that 
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way  for  the  entrance  and  exit  of  such  effluvia  as  occasion  the  power  of  his  loadstone  decreases  in  the  sesqui duplicate 

or  &>sist  the  powers  we  are  speaking  of.  Hence  Mr.  Whis-  ratio  of  the  distance*  inversely  -.  hut  Dr.  Hehham  andMr. 

Ion  lakes  occasion  to  obs«rve,  that  the  directive  power  of  Michell  found  it  to  be  as  the  square  of  the  distance  in- 

th«  loadstone  seems  to  he  mechanical,  and  to  be  derived  vcrsely:  while  oihera,  as  Dr.  Brook  Taylor  and  M.  Hus- 

from  magnetic  effluvia,  circulating  continually  about  it.  chenbroek,  are  of  opinion,  that  this  power  follows  no  cer- 

6'.  The  absolute  attractive  powerof  different  armed  load-  tain  ratio  at  all,  and  that  the  variation  is  different  in  dif- 

stones,  is,  ca^teris  paribus,  not  according  to  either  the  ferent  stones. 

diameters  or  solidities  of  the  loadstones,  but  according  to         n.  AnincUnatory,  or  dipping-needle  of  6  inches  radius, 

the  quai^tily  of  their  surfaces,  or  in  the  duplicate  p'ropor-  and  of  a  prismatic  or  cylindric  figure,  when  it  oscillates 

tion  of  theiiydiameters.  along  the  magnetic  meridian,  performs  there  every  meart 

7-  The  power  of  good  unarmed  magnets,  sensibly  equal  vibration  in  about  6"  or  350"',  and  every  small  oacillotion 

in  strengtl^  similar  in  fgure  and  position,  but  unequal  in  in  about  A"!,  or  330"' :  and  the  same  kind  of  needle,  4 

magnitude,  is  sometimes  a  little  greater,  sometimes  a  little  feet  long,  makes  every  mean  oscillation  in  about  S4",  and 

less,  than  in  the  proportion  of  their  similar  diameten.  every  ^mall  one  in  about  22". 

8.  Theloadstoneattrpctsaeedlesthathave  been  touched,         is.  The  whole  power  of  magnetism  in  this  country,  u 

and  others  that  have  not  been  touched,' with  equal  force  it  affects  needles  a  foot  long,  ii  to  thai  of  gravity,  nearly 

at  unequal  distances,  vii.  when  the  distance  of  the  former  as  1  to  300;  and  as  it  affects  needles  4  feet  long,  a*  1  to 

is  to  the  distance  of  the  tatter,  as  5  to  2.  600. 

()•  Both  poles  of  a  magnet  equally  attract  needles,  till         is.  The  quantity  of  magnetic  power  acceleiuling  the 

they  are  touched ;  then  it  is,  and  then  only,  that  one  pole  same  dipping-needle,  as  it  oscillates  in  different  vertical 

begins  to  attract  one  end,  and  repel  the  other :  though  planes,  is  always  as  the  cosines  of  the  angles  made  by 

therepellingpole  will  stilt  attract  uponcontactfand  even  ihose  planes  with  the  magnetic  meridian,  taken  on  th«   . 

at  very  small  distances.  horizon. 

10.  The  attractive  power  of  loadstones,  in  their  similar        Thus,  in  estimating  the  quanlity  of  force  in    the  ho* 

position  to,  but  different  distances  from,  magnetic  needles,  ntontal  and  in  the  vertical  situations  of  needles  at  London, 

IS  in  the  sesquiduplicateproportion  of  the  distances  of  thdr  it  is  found  that  the  latter,  in  needles  of  a  foot  long,  is  to 

sur&cet  from  their  needles  reciprocally;  or  as  the  mean  pro-  the  whole  force  along  the  magnetic  meridian,  as  96  to  100 ; 

portionals  between  the  squares  and  the  cubes  of  those  dii-  and  in  needles  4  feet  long,  as  96&7  to  1 0000 :  whenas, 

tanccs  reciprocally  ;  or  inversely  as  the  square  roots  of  in  the  former,  the  whole  force  in  needles  of  a  foot  long,  it 
the  5th  powers  of  those  distances.  Thus,  the  magnetic  '  as  28  to  100 ;  and  in  those  of  4  feet  long,  as  2i6  to  1000. 
force  of  attraction,  at  twice  the  distance  from  the  surface .  Whence  it  follows,  that  the   power  by  which  horiiontal 

of  the  loadstone,  is  bitween  a  5th  and  6ih  part  of  the  needles  are  governed  in  these  parts  of  the  world,  is  but 

force  al  the  first  distance  ;  at  thrice  the  distance,  the  force  the  quarter  of  the  power  by  which  the  dipping-needle  is 

is  between  the  15th  and  l6th  part;  at  four  times  the  moved. 

distance,  the  powL-r  is  the-  32d  part  of  the  first ;  and  at        Hence  also,  as  the  horizontal  needle  is  moved  only  by 

six  times  the  distance,  it  is  the  SSth  part.  Where  it  is  to  be  a  part  of  the  power  that  moves  the  dipping-needle;  and 

noted,  that  the  distances  arc  not  counted  from  the  centre,  as  it  only  points  to  a  certain  place  in  the  horison,  because 

as  in  the  laws  of  gravity,  but  from  the  surface  :  as  ex-  that  place  is  the  nearest  to  its  original  tendency  of  any 

perience  teaches  us,    that  the   magnetic  power   resides  that  its  situation  wilt  allow  it  to  tend  to )  whenever  the 

chiefly,  if  not  wholly,  in  the  surfaces  of  the  loadstone  dipping-needle  stands  exactly  perpendicular  to  the  bo- 

and  iron;  without  any  particular  relation  to  afly  centre  riion,  the  horizontal  needle  will  not  respect  one  point  of 

whatever.     The  proportion  here  laid  down  was  determined  the  compass  more  than  another,  but  will  wheel  about  any 

by  Mr.  Whiston  from  «  great  number  of  experiments  by  way  uncertainty. 

Mr.  Hawksbee,  Dr.  Brook  Taylor,  and  by  Mr.  Whiston         14.  The  time  of  oscillation  and  vibration,  both  in  dip- 

himself ;  measuring  the  force  by  the  chords  of  those  arcs  ping  and  horisontal  needles,  that  are  equally  good,  is  at 

by  which  the  magnet  at  several  distances  draws  the  needle  their  length  directly  ;  and  the  actual  velocities  of  their 

out  of  its  natural  direction;  td  which  chords,  as  he  de-  points  along  their  arcs  are  always  unequal.    And  hence, 

monstrates,  it  is  always  proportional.     The  numbers  in  magnetical  needles  are,  cxteris  paribus,  still  better,  the 

some  of  their  most  accurate  trials,  he  gives  in  the  follow^  longer  they  are ;    and  that   in  the  proportion  of  their 

ing  table,  setting  down   the  half  chords,  or  the  sines  of  lengths. 

half  those  arcs  »f  declination,  as  the  true  measures  of  the         ^the  Gnue*  Qf  Maonrism.     Thou^  many  authors 

force  of  magnetic  sttracdon.  have  proposed  hypotheses  concenung  the  cause  of  mag- 
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netiiiDf  u  Pintarcfa,  Dacsrte*,  Bojle,  Newton,  Gilbert, 
Hkitaoeker,  iUibsy,  WbittoD,  Knight,  Beccaria,  kc;  no- 
thing however  hai  yet  sf^Kftred  that  can  be  called  a.  sa- 
tisfactory solution  of  its  phenomena.  It  is  certain  indeed, 
that  both  natural  and  artificial  electricity  nill  give  polarity 
to  needle*,  and  even  reverse  their  poles ;  but  though  front 
this  it  may  appear  ptobable  that  the  electric  fluid  is  also 
the  cause  of  magnelisin,  yet  in  what  manner  the  fluid  acts 
while  producing  the  magoetical  phenomena,  seems  to  be 
quite  unknown. 

Dr.  Knight,  indeed,  from  several  experiments  Reduces 
the  following  propositions,  which  he  ofien,  not  so  much  to 
explain  the  nature  of  the  cause  of  magnetism,  as  the  man- 
ner in  which  it  acts  :  the  magnetic  matter  of  a  loadstone, 
be  says,  moves  in  a  stream  fromone  pole  to  the  other  in- 
ternally, and  is  thenicarried  back  in  a  curve  line  exter- 
nally, till  it  arrive  again  at  the  pole  where  it  first  entered, 
to  be'  again  admitted  :  the  immediate  cause  why  two  or 
more  magneticol  bodies  attract  each  other,  is  the  flux  of 
one  and  the  same  stream  of  magnetical  matter  through 
them ;  and  the  immediate  cause  of  magnetic  repulsion,  is 
the  conflux  and  accunfulatioo  of  the  magnetic  matter. 
Philos.  Xrans.  vol.  44,  pa.  665.  Mi>.  Michell  rejects  the 
motion  of  a  subtile  fluid  ;  hut  though  he  proposed  to  pub- 
liih  ajbeory  of  magnetism  established  by  experiments,  no 
such  theory  ever  appeared. 

Signer  fieccaria,  from  observing  that  a  sudden  stroke 
of  lightning  gives  polarity  to  magnets,  conjectures,  that  a 
r^ular  and  constant  circulation  of  the  whole  mass  of  the 
electric  fluid,  from  north  to  south,  may  be  the  original 
cause  of  magnetism  in  general.  But  this  current  be  does 
not  suppose  to  arise  from  one  source,  but  from  several,  in 
the  northern  hemisphere  of  tbe  earth  :  the  aberration  of 
the  common  centre  of  all  the  currents '  from  the  north 
point,  may  he  the  cause  of  the  variadonof  the  needle  ;  the 
period  of  tbi»  4ectination  of  the  centre  of  the  currents, 
may  be  the  period  of  the  variation;  and  the  obliquity  with 
which  the  currents  strike  into  the  earth,  may  be  the  cause 
of  the  dipping  of  the  needle,  and  also  why  bars  of  iron 
more  easily  receive  tbe  mi^netic  virtue  in  one  particular 
direction.  Lettre  dell'  £lettricifmo,  pa.  269  (  or  Priest- 
ley's Hist.  Elec.  vol.  1 ,  pa.  40g.  Sre  also  Cavallo's  Trea- 
tise on  Magnetism,  and  the  article  V^ikiation  in  this  vo- 
lume. 

MAGNIFYING,  is  tbe  making  of  f>bjeGts  appear 
larger  than  they  usually  and  naturally- appear  to  the  eye  ; 
whence  convex  lenses,  which  have  the  power  of  doing  this, 
areeslled  Magnifying  Glasses. 

The  magnifying  power  of  dense  mediums  of  certain 
figures,  waa  known  to  the  ancients  ;  though  they  were  far 
from  understanding  the  cause  of  this  effiect.  Senecasays, 
that  small  and  obscure  letters  appear  larger  and  brighter 
through  a  glass  globe  filled  with  water;  and  he  absurdly 
accounts  for  it  hy  saying,  that  the  eye  slides  in  the  water, 
and  cannot  lay  hold  of  its  object.  And  Alexander  Aphro- 
diseusis,  about  two  centuries  after  Seneca,  says,  that  the 
reason  why  apples  appear  large  when  immersed  in  water, 
is  that  the  water  which  is  contiguous  to  any  body  is  af- 
fected with  the  same  quality  and  colour;  so  that  the  eye 
b  deceived  in  imagining  the  body  itself  larger.  But  the 
first  distinct  account  we  have  of  the  ms^ifying  power  of 
glasses,  is  in  the  1 2th  century,  in  the  writings  of  Roger 
Bacon,  and  Alhaien  ;  and  it  is  not  improbable  that  from 
their  ohservationt  the  construction  of  spectacles  waa  de- 
rived.   In  the  Opui  Msjut  of  Bacon,  it  is  demooKrated, 
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that  if  a  transpafent  body,  interspersed  between  the  eye 
and  an  object,  be  convex  towards  the  eye>  the  object  will 
appear  magnified, 

UAGKiVTma  Olatt,  in  Optics,  is  a  small  spherical 
convex  lens;  which,  in  transmitting  the  rays  of  light,  in- 
flects them  more  towards  tbe  axis,  and  so  exhibits  objects 
viewed  through  them  larger  than  when  viewed  by  the 
naked  eye.     See  MicaoscopB. 

M.^GNITUDE,  any  thing  made  up  of  parts  locally 
extended,  or  contiHUed ;  or  that  has  several  dimensions  ; 
as  a  line,  surface,  solid,'  &c.  Quantity  is  often  used  as 
synonyinoud  with  magnitude^     See  Quantitt. 

Geametrical  Magnitudes,  are  usually,  and  most  pro* 
perly,  considered  as  generated  or  produced  by  motion ;  as 
lines  by  the  motion  of  points,  surfaces  by  the  motion  ot 
lines,  and  solids  by  the  motion  ofsur&ces. 

Apparent  Maomitude,  is  that  which  is  measured  by 
(be  optic  or  visual  angle,  intercepted  between  rays  drawn 
from  its  extremes  to  the  centre  of  the  pupi)  of  the  eye.  It 
is  a  fundamental  maxim  in  optics,  that  whatever  things 
are  seen  under  the  same  or  equal  angles,  appear  equal ; 
and  vice  versa..^-The  apparent  magnitudes  of  an  object',  at 
different  distances,  are  in  a  ratio  less  than  that  of  their 
distances  reciprocally.  '* 

The  apparent  magnitudes  of  the  two  great  luminaries, 
the  sun  and  moon,  at  rising  and  setting,  are  a  phenomenon 
that  has  greatly  embarrused  tbe  modem  philosopheit. 
According  to  the  ordinary  laws  of  vision,  they  should  a^ 
pear  tbe  least  when  nearest  (he  horiion,  being  then  ferthMt 
front  tbe  eye;  and  yet  it  is  found  that  the  contrary  is  true 
in  fact.  Thus,  it  is  well  known  that  the  mean  apparent 
diameter  of  the  moon,  at  her  greatest  height  in  the  meri- ' 
dian,  is  nearly  31'  in  round  numbers,  subtending  then  am 
angle  of  that  quantity  as  measured  by  any  instrument. 
But,  being  viewed  when  she  rises  or  sets,  she  seems  to  tbe 
eye  as  two  or  three  times  as  large  as  before  ;.  and  yet  when 
measured  by  the  instrument,  her  diameteris  not  found  in- 
creased at  ailf  hut  diminished. 

Ptolemy,  in  his  Almagest,  lib.  1,  cap.3,  taking  for 
grunted,  that  the  angle  subtended  by  tbe  moon  was  really 
increased,  ascribed  tbe  increase  to  a  refraction  of  the  rays 
by  vapours,  which  actually  enlarge  the  angle  underwhich 
the  moon  appears,  just  as  the  angle  is  enlarged  by  which 
an  object  is  seen  from  under  water  ;  and  his  commentator 
Tbeon  explains  distinctly  how  tbe  dilatation  of  tbe  angle 
in  the  object  immersed  in  water  is  caused.  But  it  being 
afterwards  discovered,  that  there  is  no  alteradon  in  the 
angle,  another  solution  was  started  by  the  Arab  Albaaeo, 
which  was  followed  and  improved  by  Bacon,  Vitello,  Kep- 
ler, Peckham,  and  others.  According  to  Alhaien,  by 
sight  we  apprehend  tbe  sur&ce  of  the  heavens  to  be  flat, 
and  judge  of  the  stars  as  of  ordinaiy  visible  objects  ex- 
tended on  a  wide  plain  ;  the  eye  sees  them  under  equal  an- 
gles indeed,  but  withal  perceives  a  difference  in  their  di- 
stances, and  (on  account  of  the  semidiuneter  of  the  earth, 
which  is  interposed  in  one  case,  and  not  in  tbe  other]  itii 
hence  induced  to  judge  those  that  appear  more  remote  to 
be  greater.  Further  improvement  was  made  10  this  expl». 
nation  by  Mr.  Hobbe*,  thoogh  he  fell  into  some  mistakes 
in  his  application  of  geometry  to  this  subject :  for  he  ob- 
serves, that  this  deception  operates  gradually  from  the  ss- 
nith  to  the  borieon ;  and  that  if  the  apparent  arch  of  tbe 
sky  be  divided  into  any  number  of  equal  parts,  those  parts, 
in  descending  towards  the  horison,  will  subtend  an  angle 
that  is  grodiMlly  lai  and  len.    And  he  was  the  fint  who 
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expressly  consiJ^rcd  the  vaulted  appeannoe  of  the  sky  u 
a  real  portion  of  a  circle. 

Descartes,  and  from  him  Dr.  Wallis,  end  most  other  au- 
thors, account  Tor  the  appearance  of  a  different  distance 
under  the  hame  angle,  from  the  long  series  of  objects  in- 
terposed between  the  cjc  and  the  extremity  of  the  sensible 
horiion;  which  makes  us  imagine  it  niurtr  remote  than 
when  in  the  meridian,  where  the  eye  sees  nothing  in  the 
way  between  the  object  and  itself.  This  idea  of  a  great 
distance  makes  us  imagine  the  luminary  the  larger  ;  for  an 
object  being  sevn  under  any  certain  angle,  and  believed  at 
the  same  lime  very  remote,  we  naturaHy  judge  it  must  be; 
very  large,-  to  appear  under  such  an  angle  at  such  a  di- 
stance. And  thus  a  pui-c  judgment  of  the  mind  makes  us 
see  the  sun,  or  the  moon,  larger  in  the  horiion  than  in  the 
meridian;  nut  with  standing  their  diameters  measured  by 
any  instrument  are  really  less  in  the  former  situation  than 
the  latter. 

Jnmc's  Gregory,  in  his  Gcom.  Pars  Universalis,  pa.  141, 
subscribes  to  (his  opinion  :  I'uther  Alallebranche  also,  in 
the  tirst  book  of  his  Recherche  de  la  Verite,  haa  explained 
•this  phenomenon  almost  in  the  cxpre>>sion  of  Descartes  : 
and  Huygens,  in  his  Treatise  on  the  Parhelia,  translated 
by  Dr.  Smith,  Optics,  art.  536,  has  approved,  and  very 
.cfearly  illtistnued,  the  received  opinion.  The  cause  of 
this  fallacy,  says  he,  in  short,  is  this ;  that  we  think  the 
MOB,  or  any  thing  else  in  the  heavens,  farther  from  us  when 
itis'near  the  h orison,  than  when  it  approaches  towards 
the  vertex,  because  we  iin^ne  every  thing  in  the  air  that 
appears  near  the  vertex  to  be  farther  from  us  than  the 
flouds  that  fly  over  our  beads ;  whereas,  on  the  other 
Band,  we  are  used  to  observe  a  large  extent  of  land  lying 
between  us  and  the  objects  near  the  horiton,  at  the  farther 
end  of  which  the  convexity  of  the  sky  begins  to  appear ; 
which  therefore,  with  the  objects  that  appear  in  it,  are 
usumlly  imagined  to  be  much  farlberfrom  us.  Now  wht^n 
two  objects  of  equal  magnitude  appear  under  the  same 
angle,  we  always  judge  that  object  to  be  laa-ger  which  we 
think  is  remoter.  And  this,  according  to  them,  is  the  true 
cause  of  the  deception  in  question. 

Gassendus  was  of  opinion,  that  this  effect  arises  from 
hence ;  that  the  pupil  of  the  eye,  being  always  more  open 
es  the  place  is  more  dark,  as  in  the  raoniing  and  evening, 
when  the  light  is  less,  and  besides  the  earth  being  then  co- 
vered with  gross  vapours,  through  a  longer  column  of 
which  the  rays  mu&t  pass  to  reach  the  huriion  ;  the  image 
of  the  luminary  enters  the  eye  at  a  greater  anglt,  and  is 
, really  painted  there  larger  than  when  the  luminary  is 
bifihi^rf     bee  Apparent  Diameter  and  Magmtude, 

F.  Gouge  advances  another  hypothesis,  uhicb  is,  that 
when  the  luminaries  are  in  the  horiion,  the  proximity  of 
the  earth,  and  the  gross  vapours  with  which  they  then 
appear  enveloped,  have  the  same  effect  with  regard  to  us, 
as  a  wall,  or  other  dense  body,  placed  behind  a  column ; 
which  in  that  case  appears  larger  than  when  insulated, 
and  encompassed  on  all  sides  with  an  illuminated  uir. 

Tlie  commonly  received  opinion  has  been  disputed,  not 
only  by  F.Gougc,  who  observes,  Acad.Sci.  171)0|  pa. II, 
that  the  horizontal  moon  appears  equally  large  across  the 
sea,  where  there  are  no  object^  to  produce,  the  effect 
ascribed  to  them  ;  but  also  by  Mr.  Molyneux,  who  says, 
Philos.  Tr^ns.  Ahr.  vol.3,  pa.  365,  that  if  this  hypothesis 
be  true,  wc  may  at  any  time  increase  the  apparent  magni- 
tude of  the  moon,  even  in  the  meridian ;  for,  in  order  to 
divide  the  space  between  it  and  the  eye,  we  need  only  to 


Jookat  it  behind  a  cluster  of  chimneys,  the  ridge  of  ahiTI, 
or  the  top  of  a  house,  &c.  He  makes  also  the  sam^  ob- 
servation with  F.  pouge,  abova  mentioned,  and  further 
observes,  that  when  the  height  of  all  the  intermediate  ob- 
jects is  cut  off;  by  looking  through  a  tube,  the  imcgina- 
tion  is  not  helped,  and  yet  the  moon  seems  still  as  large  as 

M.  Biot,  however,  in  his  treatise  of  Physical  Astronomy, 
seems  to  be  of  a  contrary  opinion,  for  he  says,  that  as  soon 
as  the  moon  is  viewed  ibruugh  a  tube,  or  even  through  a 
small  hole  pierced  in  a  card,  to  as  to  lake  off  the  view  of 
intervening  objects,  the  deception  ceases  ;  and  the  diame- 
ter appe&ra  no  Larger  than  when  it  is  observed  in  the  s^ 
nitb. 

Bishop  Berkeley  supposed,  that  the  moon  appears  larger 
near  the  horiaon,  because  she  then  appears  tkinter,  and 
her  beams  aflect  the  eye  less.  And  Mr.  Kubins  has  prettv 
fully  recited  some  other  opinions  on  this  subject.  Math. 
Tracts,  vol.  2,  pa.  S42,  &c. 

.  Dr.  Desagulicrs  has  illustrated  the  doctrine  of  the  ho- 
rizontal moon,  Philos.  Trans.  Abr.  vol  i),  i>a.  105,  on  the 
supposition  of  our  imagining  the  visible  heavens  to  be  only 
a  sAiall  portion  of  a  spherical  Mrface,  and  consequently 
supposing  the  moon  to  be  farther  trum  us  iit  the  homon 
than  near  the  seniih  ;  and  by-sevcrttl  ingenious  contri- 
vances be  demonstrated  how  liable  we  are  to  such  decep- 
tions. The  same  idea  is  pursued  still  further  by  Dr. 
Smith,  in  bis  Optics,  where  he  determines,  that  the  centre 
of  the  apparent  spherical  segment  of  the  sky  lying  much 
below  the  eye,  or  the  horiion,  the  apparent  distance  of 
its  parts  near  the  horiaon  was  about  3  or  4  limes  greater 
than  the  apparent  distance  of  its  parts  over  head  ;  f(om 
which  reason  it  isj  he  infers,  that  the  moon  always  appears 
the  larger  as  she  is  lower,  and  also  that  we  always  think 
the  height  of  a  celestial  object  to  be  more  than  it  really 
is.  Thus,  he  determined,  by  measuring  the  actual  height 
of  some  of  the  heavenly  bodies,  whi-n  to  his  eye  they 
seemed  to  be  half  way  between  the  horizon  and  (he  zenith  ; 
that  their  real  altitude  was  then  only  33°:  when  the  sun 
was  about  30°  high,  the  upper  portion  always  appeared 
less  than  ihe  under;  and  he  tlioughl  that  it  whs  constantly 
greater  when  the  sun  was  I  S°  or  30°  high.  Mr.  Robins, 
in  his  Tracts,  vol.  3,  pa.  243,  shows  how  to  determine  the 
apparent  concavity  of  the  sky  in  a  more  accurate  and 
geometrical  manner;  by  which  it  appears,  ihat  if  the  alti- 
tude of  any  of  the  bciivenly  bodies  be  20°,  at  the  time 
when  it  seems  to  be  half  wity  between  the  horizon  and  the 
zenith,  the  horizontal  distance  will  be  hardly  less  than  4 
times  the  perpendicular  distance;  but  if  that  altitude  be 
28°,  it  will  he  little  more  than  2  and  a  half. 

Dr.  Smith,  having  deiermineii  the  apparent  figure  of 
the  sky,  thus  applies  it  to  explain  ihe  phenomenon  of 
the  horizontal  moon,  and  other  similar  uppeaninces  in  Ihe 
heavens.  Suppose  the  arc  abc  to  represent  the  appannt 
concavity  of  liie  heavens:  then  the  diameter  of  the  sUn 
and  moon  would  seem  to 'be  greater  in  the  horizon  than 
at  any  altitude,  measured  by  the  angle  aob,  in  the  ratio 
of  its  apparent  distancis,  ao,  bo.  The  numbers  that 
expi*ess  these  proportions  he  reduced  into  the  annexed 
table,  answering  to  the  coriesponding  altitudes  of  the  dun 
or  moon,  which  are  also  exactly  represented  to  the  eye  in 
the  figure,  in  which  the  moon,  placed  in  the  quadrantal 
arc  ro  described  about  the  centre  o,  are  all  equal  to  each 
other,  and  represent  the  body  of  the  moon  in  the  heights 
there  noted,  and  the  unequal  moons  in  the  concavity  asc 
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are  tefminrnted  by  tbe  visaal  my*  coming  from  the  circutn. 
ference  of  tbe  real  moon,  at  those  heights  to  the  eye,  ato. 


Pr.SmitbaliiOobserves,tb«ttheBpparentconcaveofthe8ky, 
being  leu  than  a  be-  Tbcilt-aftlwHiDer  AppuvDidumcten 
misphere,  is  the  cause      '-'' 
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that  tbe  breadths  of  the 
colonrs  in  the  inward 
and  outward  rainbows, 
and  tbe  interval  be- 
tween the  bowB,  ap- 
pear least  at  tbe  lop, 
iind  gteater  at  the  bot- 
tom. This  theory  of  tbe  horizontal  moan 
firmed  by  the  appearances  ,of  the  tails  of  comets, 
which,  whatever  be  their  real  figure,  magnitude,  and  si- 
tuation, in  absolute  space,  do  always  appear  to  be  an  arc 
of  the  concave  of  the  heavens.  Dr.  Smith  however  just- 
ly acknowledges  that,  at  different  times,  the  moon  appears 
of  very  different  magnitudes,  even  in  the  same  horizon, 
and  occasionally  of  an  extraordinary  large  size ;  which 
be  is  not  able  to  give  a  satis&ctory  explajiation  of.  Smith's 
Optics,  vol.  1,  pa.  63,  &c,  Remarks,  pa.  53. 

MAIGNAN  (Emanuei.),  a  religious  minim,  and  one 
of  the  greatest  philosophers  of  his  age,  was  born  at  Thou- 
louse  in  l6oi.  Like  thefaroous  Pascal,  he  became  a  com- 
plete mathematician  without  the  assistance  of  a  teacher; 
and  filled  the  professor's  chair  at  Rome  in  l€36,  where, 
at  the  expense  of  Cardinal  Spada,  he  published  his  book 
Dc  Perspective  Horaria,  in  1618.  Maignan  returned  to 
Tboulouse  in  1650,  and  was  created  Provincial.  His 
knowledge  in  mathematics,  and  physical  experiments, 
was  very  early  known;  especially  from  a  dispute  which 
arose  between  him  and  father  Kircher,  about  a  catoptrical 


The  king,  who  Jn  l66o  amused  himself  with  the  ma- 
chines and  curiosities  in  the  father's  cell,  made  him  offers 
by  Cardinal  Majarin,  to  draw  bim  to  Paris;  but  he  hum- 
bly desired  to  spend  ^e  remainder  of  bis  days  in  a  cloi- 
ster.— He  published  a  Course  of  Philosophy,  in  4  volumes 
8vo,  at  Thoulouse,  in  1653;  to  tbe  second  edition  of 
which,  in  folio,  1 673,  he  added  two  treatises;  tbe  one 
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against  the  vortices  of  Descartes,  the  other  on  the  speak- 
ing-trumpet invented  by  Sir  Samuel  Morland. — He  also 
formed  a  jnachine,  which  showed,  by  its  movements,  that 
Descartes's  supposition  concerning  the  manner  in  which 
the  universe  was  formed,  or  might  have  been  formed,  and 
concerning  the  centrifugal  force,  was  entirely  "withodt 
foundation. 

Thus  this  great  philosopher  and  divine  passed  a  life  of 
tntnquillity,  in  writing  books,  making  experiments,  and 
reading  lectures.  He  was  frequently  consulted  by  the 
most  eminent  philosophers  on  diflerent  subjects,  which 
be  answered  oiber  by  writing  or  otherwise ;  and  no  person 
was  certainly  more  industrious  :  it  is  said  that  he  even 
studied  in  his  sleep  ;  for  his  very  dreams  employed  .him  in 
problems,  which  he  pursued  sometimes  till  he  came  to  a 
solution  or  demonstration;  and  he  has  frequently  been 
awaked  out  of  bis  sleep  of  a  sudden,  by  the  exquisite 
pleasure  which  be  felt  on  discovery  of  it.  Tbe  excel- 
lence of  his  manners,  and  bis  unspotted  virtues,  rendered 
him  no  less  worthy  of  esteem,  than  his  genius  and  learn-  , 
ing. — It  is  said  that  be  composed  with  great  ease,  and 
without  making  any  alterations.  He  died  at  Tboulouse  in 
1676,  at  7&  years  of  age. 

MALLEABLE,  the  property  of  a  solid  ductile  body, 
from  which  it  may  be  beaten,  forged,  and  extended  under 
the  hammer,  without  breaking,  which  is  a  property  of  all  . 
metals.  , 

MANFREDl  (Evstachio),  a  celebrated  aCsronomer 
and  mathematician,  bom  at  Bologna  in  1674.  His  g^ 
nius  was  always  above  bis  age :  for  be  was  a  tolerable 
Qoet  and  wrote  ingenious  verses  while  he  was  but  a  child : 
and  while  very  young  he  formed  in  bis  father's  house  an 
academy  of  youth  of  his  own  Agej  who  became  there  the 
Academy  of  Sciences,  or  the  Institute.  He  was  professor 
of  mathematics  at  Bologna  in  1^98,  and  superintendent 
of  the  waters  there  in  1704.  The  same  year  he  was 
placed  at  the  head  of  tbe  College  of  Montalte,  founded 
at  Bologna  for  young  men  intended  for  the  church:  and 
in  1711  he  obtained  the  office  of  astronomer  to  the  In- 
stitute of  Bologna.  He  became  member  of  the  Academy 
of  Sciences  of  Paris  in  I7S6,  and  of  tbe  Royal  Socie^ 
of  London  in  1729;  and  died  the  I5th  of  February  1739, 
at  65  years  of  age. — His  works  arc : 

1.  Epbemeridcs  Moluum  Ctelestium  ah  anno  1715  ad 
annum  1750;  4  volumes  in  4to.— The  first  volume  is  an 
excellent  introduction  to  astronomy  ;  and  the  other  three 
contain  numerous  calculations.  His  two  sisters  greatly 
assisted  him  in  composing  this  work. 

2.  De  Transitu  Mercurii  per  Solem,  anno  1723.  bo- 
logna 1724,  in  4to. 

3.  De  Annuls  Inerrantium  Stellarum  Aberration  I  bus, 
Bologna  1739>  in4lo. — Besides  a  number  of  paprs  in  tbe 
Memoirs  of  the  Academy  of  Sciences,  and  in  other  places. 

MANILIUS  (Makcus),  a  Latin  astronomical  poet, 
who  lived  in  the  reign  of  Augustus  Ccesor.  He  wrote  an 
ingenious  poem  relating  to  the  stars  and  the  sphere,  called 
Astronomicon ;  which,  not  being  mentioned  by  any  of  the 
ancient  poets,  was  unknown,  till  about  two  centuries 
since,  when  it  was  found  buried  in  some  German  library, 
and  published  by  Poggius.  Tbete  is  no  account  to  be 
found  of  this  author,  butwfaatcan  be  drawn  from  hispoem; 
which  contains  a  systen^of  tbe  ancient  astronomy  and 
astrology,  together  with  the  philosophy' of  tbe  Stoics.  It 
consists  of  five  books ;  though  there  was  a  sixth,  which 
has  not  been  recovered.  In  this  work,  Manitius  hints 
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8t  acme  opiuioiw,  which  later  ages  h&vc  been  rewiy  to 
glory  in  8s  their  own  discoveries.  Thus  Le  defends  the 
fluidity  of  the  heavens,  agkinst  the  hypothesis  of  Aristotle; 
end  a&serti  (hat  the  flxed  alArs  are  not  all  in  the  same  con- 
cave super6ciei  of  the  heavEiu, and  equally  dittant  from  the 
xentre  of  the  world :  he  maintains  that  they  are  all  of  the 
nine  nature  and  substance  nilh  the  sun,  and  that  each  of 
them  has  a  particular  vortex  of  iu  own :  and  lastly,  be  says 
that  the  milky  way  is  only  (he  united  lustre  of  a  great 
tnahy  small  imperceptible  stars ;  which  indeed  the  moderns 
now  sec  to  he  such  through  .their  telescopes.  The  best 
cditi^DS  of  Manilius  are  that  of  Joseph  Scaliger,*  in  4to, 
I6OO;  that  of  Bcntley.Jn  4to,  1738,  and  thatof  Edmund 
Burton,  esq.  in  8vo,  1783.    • 

MANOMETER,  or  Manoscopk,  an  instrument  to 
show  or  measure  tbe  alterations  in  the  rarity  or  density 
of  tbe  air. — The  manoraeier  differs  from  the  barometer  in 
this,  that  (he  latter  only  serves  to  measure  the  Weight  of 
the  atmosphere,  or  of  tbe  column  of  air  over  it ;  but  the 
former,  the  Density  of  tbe  air  in  which  it  is  found; 
which  density  depends  not  only  on  tbe  weight  of  the  at- 
mosphere, but  also  on  the  action  of  heat  and  cold,  &cc. 
Authors  however  often  confound  the  two  together ;  t^nd 
Mr.  Boyle  himself  htis  given  a  very  good  manometer  of 
his  contrivance,  under  (he  name  of 'a  Statical  Barometer, 
consisting  of  a  bubblcof  thin  glass,  about  the  size  of  an 
orange,  which  being  counterpoised  when  the  air  was  in  a 
mean  state  of  density,  by  means  of  a  nice  pair  of  scales, 
sunk  when  the  atmosphere  became  lighter,  and  rose  as  it 
grew  heavier. 

The  manometer  used  by  Captain  Phipps,  iu  his  voyage 
towards  the  north  pole,  consisted  of  a  tube  of  a  small 
btre,  with  a  ball  at  the  end.  The  barometer  being  at 
S9'7t  c  small  quantity  of  quicksilver  was  put  intu  the 
tube,  to  take  off  the  com  mum  cation  betnfeen  tbe  external 
air,  and  that  confined  in  tb«  ball  and  the  part  of  the  tube 
below  this  quicksilver.  A-scale  is  placed  on  the  side  of 
the  tube,  which  marks  the  degrees  of  dilatation  arising 
from  the  increase  of  heat  in  this  slate  of  the  weight  of  the 
air,  and  has  the  same  graduation  as  that  of  Fahrenheit's 
thermometer,  the  point  of  freexing  being  marked  32.  In 
this  state  therefore  it  will  show  the  degrees  of  heat  in  the 
same  manner  as  a  thermometer.  But  when  the  air  becomes 
lighter,  the  bubble  inclosed  in  the  ball,  being  less  com- 
pressed, dilates  itself,  and  occupies  a  space  as  much  larger 
as  the  compressing  force  is  less ;  therefore  the  changes 
arising 'froin  the  increase  of  heat,  are  proporliouably 
larger ;  and  the  instrument  shows  the  differences  in  the 
density  of  the  air,  arising  from  the  changes  in  its  weight 
and  heat  Mr.  Ramsdcn  fuund,  that  a  beat  equal  to  that 
of  boiling  water,  increased  tbe  msgnitude  of  the  air,  from 
what  it  was  at  the  freezing  point,  by  tVsV  "f  "'^  whole. 
Hence  it  follows,  that  tbe  ball  and  the  part  of  the  tube 
below  the  beginning  of  tbe  scale,  is  of  a  magnitude  equal 
to  almost  114  degrees  of'  tbe  scale.  If  (he  height  of  both 
the  manometer  and  thermometer  be  given,  the  height  of 
the  barometer  may  be  thence  deduced,  by  this  lulc : 
as  the  height  of  the  manometer  increased  by  414, 
to  the  height  of  the  thermometer  increased  by  414, 
so  is  397,  to  the  height  of,  the  barometer  ; 
or  if  m  denote  the  height  of  the  manometer,  and '  the 
height  of  the  thermometer;  then 

«  -.-  4U:(  -^  414::  297  :  '  "^  "*  x  SJJ-?,  which  is 
the  hi-igbt  of  the  barometer. 


AaothcrkindofmanometeTwas  made  use  of  by  Colonel 
Roy,  in  his  attempts  to  correct  the  errors  of  the  baro- 
meter; which  is  described  in  the  Pfatlos.  Trans,  vol.  67, 
pa.  689. 

MANTELET,  a  kind  of  moveable  parapet,  or  screen, 
of  about  6  feet  high,  set  upon  trucks  or  little  wheels,  anU 
guided  by  along  pole;  so  that  in  a  siege  it-may  be  driven 
before  the  pioneers,  and  serve  as  blinds,  or  screens,  to 
shelter  them  from  tbe  enemy's  small  shot.  Mantelets  are 
made  of  different  materials,  so  as  to  render  them  musket 
proof;  some  consisting  of  strong  boards  nailed  together, 
and  covered  with  tin  ;  or  of  thick  leather,  or  of  layers  of 
rope,  &c,  (irmly  bound  together. 

There  are  also  other  kinds  of  .mantelets,  covered  on 
the  top,  used  by  the  miners  in  approaching  the  walls  or 
works  of  an  enemy.  The  double  mantelets  form  an  angle^ 
and  stand  square,  making  two  fronts.  It  appears  from 
VegetiuS,  that  mantelets  were  in  use  among  the  ancients, 
under  the  name  of  Vineae. 

MAP,  a  plane  figure  representing  the  surface  of  the 
earth,  or  some  part  of  it  on  a  plane ;  being  a  projection  of 
the  globular  surface  of  the  earth,  exhibiting  countries, 
seas,  rivers,  mountains,  cities,  &Cj  in. their  due  positions. 

Maps  are  either  universal  or  par^a!. 

Vnwersat  Maps  are  such  as  exhibit  (be  whole  surface 
of  the  earth,  or  the  two  hemispheres. 

Particular,  or  Fariial  Mafs,  are  those  that  exhibit  some 
particular  region,  or  part  of  the  >earth. 

fioth  kinds  are  usuallj  called  geographical,  or  land- 
maps,  as  distinguished  from  hydrograpfaical,  or  sea-maps, 
which  represent  only  the  seas  and  sea  coasts,  and  are  pro- 
perly called  Charts. 

Anfutimander,  the  scholar  of  Thales,  it  is  said,  about 
400  years  before  Christ,  first  invented  geographical  tables, 
or  maps  The  Peniingerian  Tables,  published  by  Corne- 
lius Pentinger  of  Augsburg,  contain  an  itinerary  of  the 
whole  Roman  empire  ;  all  places,  except  seas,  woods,  and 
deserts,  being  laid  down  according  to  their  measured  di- 
stances, but  without  any  mention  of  latitude,  longitude,  or 
bearing, 

Tbe  maps  published  by  Ptolemy  of  Alexandria,  about 
the  144th  year  of  Christ,  have  meridians  and  parallels,  the 
better  to  define  and  determine  tbe  situation  of  places,  and 
are  great  improvements  on  the  construclion  of  the  more 
ancient  maps.  Though  Ptolemy  himself  owns  that  his 
maps  were  copied  from  some  that  were  inadc  by  Marinus, 
Tirus,  &c,  with  the  addition  of  some  improvements  of  his 
own.  But  from  his  time  till  about  the  14th  century, 
duringwhich  geography  and  most  sciences  were  neglected, 
no  new  maps  were  pufjlishcd.  Mercaior  was  the  first  of 
any  note  Hmong  the  moderns,  and  next  to  him  Ortelius, 
who  undertook  to  make  a  new  set  of  maps,  ivith  tbe  mo- 
dern divisions  of  countries  and  nanies  of  places;  for  uant 
of  which,  those  of  Ptoieniy  were  become  almost  useless. 
After  Mercator,  many  others  published  maps,'  but  fur  the 
most  part  they  were  mere  copies  of  hit.  1'owards  the 
middle  of  the  l7lh  century,  Uleau  in  Holland,  and  Sanson 
in  France,  published  new  sets  of  maps,  wiih  many  im- 
provements from  the  travellers  of  those  times,  which  were 
afterwards  copied,  with  little  variation,,  by  the  t^nglish, 
French, and  Dutch:  but  the  best  of  these  were  those  of 
Vischer  and  Dewitt.  And  later  observations  have  ^r- 
nibhcd  us  with  still  more  accurate  and  copious  sets  of- 
maps,  by  Oclisle,  Robert,  WelJs,  Sic,  &c.     Coiiccrmn<; 


,D,g,;.zecDi.*^OUyie 


MAP 


[Iff    ]  ■ 


MAP 


napi,  sec  VareDius>  Geo&  lib.  3,  cap.  3,  prop.  4;  Poor- 
nier's  Hydrog.  lib.  4,  cap.  Si ;  Wolfiui'i  Elem.  Hydrog. 
cAf).9-,  JobnNewton'i  Idea  of  Navigation;  Mead's  Cos- 
.  itruciion  of  Globes  and  Maps;  Wright's  Coiutruclion  of 
Slaps,  Sec,  &c. 

ConttmctioH  q^MiIfs, — Maps  are  constructed  by  i 


of  the  world,  leai,  islaikds,  tea-coaiU,  towns,  &c,  ur  to 
be  entered  in  the  map,  according  to  their  latitudes  and 
(ongitudea. 

In  filling  up  the  nu^,  all  placet  representing  land  ai« 
filled  with  such  things  as  the  countries  contain  ;  but  the 
left  blank  ;  tlie  shores  adjoining  to  the  sea  being 


.  king  a  projection  of  lbeglobe,eitlier  on  the  plane  of  some  shaded.     Rivers  are  marked  by  strong  lines,  or  by  double 

particular  circle,  or  by  the  eye  placed  in  spme  particular  lines,  drawn  winding  in  form  of  the  rivers  they  represent ; 

point,  according  to  tbe  rules  of  perspective,  &c ;  of  which  and  small  rivers  are  expressed  by  small  linos.     Diflerent 

there  are  several  methods.  countries  are  be»t  distinguished  by  difTerent  colours,  or  at 

First,  to  eotutniet  a  Map  nf  the  World,  or  a  general  Map.  •  least  the  borders  of  them.     Forests  are  represented  by 

1st  Method. — A  map  of  the  world  mutt  represent  two  trees ;  and  mountains  shaded  to  make  them  appear  as  such, 
hemispheres ;  and  they  must  both  be  drawn  upon  th«  plane  Sands  are  denoted  by  small  points  or  specks ;  and  rocks 
of  that  circle  which  divides  the  two  hemispheres.  The  under  water  by  a  small  cross.  In  any  void  space,  draw  tbe 
first  way  is  to  project  each  hemisphere  upon  the  plane  of  mariner's  compass,  with  the  3!  points  or  winds, 
some  particular  circle,  by  the  rules  of  orthographic  pro-  II.  To  draw  a  Map  i^ai^  particular  CowUry. 
Jection,  forming  two  hemispheres  on  one  common  base  or  lat  Method,'— Tot  this  purpose  its  extent  must  be 
circle.  When  the  plane  of  projection  is  that  of  a  rneri-  known,  as  to  latitude  and  longitude;  ai  suppose  Spain, 
dian,  the  maps  will  be  the-east  and  west  hemispheres,  the  tying  between  tbe  north  latitudes  36  and  44,  afid  extend- 
other  meridians  will  be  ellipses,  and  the  parallel  circles  ing  from  10  to  23  degrees  of  longitude ;  to  th«t  its  extent 
will  be  right  lines.  On  tbe  plane  of  the  equinoctial,  the  from  north  to  south  is  8  degrees,  and  from  east  to  west  13 
meridians  will  be  right  tines  crossing  in  the  centre,  which  degrees. 

will  represent  tbe  pole,  and  the  parallels  of  latitude  will  be  Draw  the  line  ab  for  a  meridian  passing  through  the 

circles  having  that  common  centre,  and  the  maps  will  l>e  middle  of  the  country  (fig.  3),  on  which  set  off  8  degrees 

the  northern  and  southern  hemispheres.   The  fault  of  this  from  a  to  a,  taken  from  any  convenient  scale ;  a  being 

way  of  drawing  maps,  is,  that  near  the  outside  the  circles  the  north,  and  n  the  south  point.     iThrough   a  and  b 

are  too  near  one  another;  and  therefore  equal  spaces  on  draw  tbe  perpendiculars   cO|   xr,  for  the  extreme  pa- 

the  earth  are  represented  by  very  noequal  spaces  on  the  rallels  of  latitude.     Divide  a  a  into  6  parts,  or  degrees, 

map.  through  which  draw  the  other  parallels  of  latitude,  pa^ld 

3d  IfeMttl.^ Another  way  is  to  project,  the  same  be-  to  the  former, 

inispheret  by  the  rules  of  stereographic  projection;  in  For  the  meridians;  divide  any  degree  in  ab  into  60 

which  way,  all  the  parallels  are  represented  by  circlet,  and  equal  parts,  or  geographical  miles.     Then,  because  tho 

tbe  meridians  by  circlet  or  right  lines.   And  here  the  con-  length  of  a  degree  in  each  parallel  decreases  towards  the 

tiary  fault  happens,  via,  the  circles  towards  the  outsides  pole,  from  the  table  showing  this  decrease,  under  the  ar* 

are  too  far-asunder,  and  afymt  the  middle  they  are  too  tide  D&qrze,  take  the  numberof  milesantwering  tothe 

near  together.  latitude  of  B,  which  is  48|  nearly,  and  set  it  from  b,  7 

3d  Method. — ^To  remedy  the  faults  of  the  two  former  times  to  e,  and  6  times  to  f  ;  so  is  zf  divided  into  degrees, 

methods,  proceed  ns  follows.     First,  for  the  east  and  west  Again,  from  the>  tame  table  take  the  number  of  miles 

hemispheres,  describe  the  circle  pbhq  for  the  meridian  of  a  degree  in  the  latitude  a.  via  43^  nearly;  which  set 

(pl.31,  fig.  1}  or  plane  of  projection ;  through  the  centre  off,  from  a,  7  times  to  c,  and  6  times  to  d.     Then  from 

of  which  draw  tbe  equitioctial  kq,  and- axis  tm  perpendi-  the  points  of  division  in  the  line  cs,  to  the  corresponding 

.  cular  to  it,  making  p  and  v  the  north  and  south  pole,  points  in  the  line  ef,  draw  to  many  right  lines,  for  the 

Divide  the  quadrants  PE,  XN,  vo,  and  qp  into  9  equal  meridians.     Number  the  degrees  of  iatitade  up  both  sides 

parts,  each  representing  10  degrees,  beginning  at  the  equi'  of  the  map,  and  the  degrees  of  longitude  on  the  top  and 

niKtialsQ:  divide  also  cr  and  ch  into  9  equal  parts  ;  be-  bottom.  Also,in  some  vacant  place  make  a  scale  of  miles; 

ginning  at  £Q  ;  and  through  the  corretpouding  points  draw  or  of  d^rees,  if  the  map  represent  n  large  part  of  the 

the  parallels  of  latitude.    Again,  divide  CE  and  cq  into  9  earth;  to  serve  for  finding  the  distances  of  places  from  each 

equal  parts;  and  through  the  points  of  division,  and  the  other. 

two  poles  p  and  n,  draw  circles,  or  rather  ellipses,' for  the  Then  make  the  proper  divisions  and  subdivisions  of  the 

meridians.     So  shall  the  map  be  prepared  to  receive  the  country:  and  knowing  the  latitudes  and  longitudes  of  tbe 

several  places  and  countries  of  the  earth.  principal  places,  it  will  be  easy  to  set  them  down  in  the 

Secondly,  For  the  north  or  south  hemisphere,  draw  map;  for,  any  town,  &c,  must  be  placed  where  the  circles 

AQBE,  fur  the  equinoctial  (fig.  2),  dividing  it  into  the  four  of  its  latitude  and    longitude    intersect.     For  instance, 

quadrants  ea,  a^,  «b,  and  be;  and  each  quadrant  into  Gibraltar,  whose    latitude  is    36°_  11',   and    longitude 


.  9  equal  parts,  representing  each  1 0  degrees  of  longitude ; 
and  then,  from  the  points  of  division,  draw  lines  to  the 
centre  C,  for  tho  circles  of  longitude.  Divide  any  circle 
of  longitude,  as  the  first  meridian  bc,  into  9  equal  parts, 
and  through  these  points  describe  circles. from  the  centre 
c,  for  the  parallels  of  latitude,  numbering  tbem  as  in  tbe 
figure. 

In  this  3d  method,  equal  spaces  on  tbe  earth  are  repre< 
tented  by  equal  spaces  on  the  map,  as  near  as  any  projec- 
tion will  bear ;  for  a  spherical  surface  can  no  way  be  re- 
presented exactly  on  a  plane.    Then  the  several  countries 


12°  27",  will  be  at  o: 'and  Madrid,  whose  laL  is40°.lo', 
and  long.  14"  44',  will  be  at  m.  In  like  manner  the 
mouth  of  a  river  must  be  set  down ;  but  to  describe  the 
whole  river,  the  latitude  and  longitude  of  every  turning 
must  be  marked  down,  and  the  towns  and  bridges  by 
which  it  passes.  And  to  for  woods,  forests,  mountains, 
lakes,  castles,  &c.  The  boundaries  will  be  described,  by 
setting  down  the  remarkable  places  on  the  tea-coast,  and 
drawing  a  continued  line  through  them  all:  which  method 
is  very  proper  for  small  countries.     . 

2d  AfrtAorf.— Maps  of  particular  places  are  botportions 
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of  the  globe,  and  therefore  may  be  drawn  after  the  tame 
manner  u  the  whole  is  drawn:  that  ii,  luch  a  map  may 
be  drawn  either  by  ihe  orlhogrmpbic  or  stercographic  pro- 
jection' of  ihe  sphere,  as  in  the  Ian  prob.  But  in  partial 
maps,  an  eiuicr  way  -is  a<t  follows.  Having  drawn  tbe 
meridian  ab  (tig.  3),  and  divided  it  into  equal  parts  as  in 
tbe  last  methud,  through  all  the  points  of  division  draw 
lines  perpendicutur  to  ab,  for  the  parallels  of  latitude; 
CD,  ar  bcinf;  the  extreme  parallelt.  Then  to  divide  these, 
set  off  tbe  degrees  in  each  parallel,  diminished  after  the 
manner  directed  for  the  two  extreme  parallels  cd,  x.r,  in' 
the  last  method  :  and  through  all  the  corresponding  points 
draw  tbe  meridians,  which  will  be  curve  lines ;  which  were 
'  right  lines  in  tbe  last  method;  because  only  the  extreme 
parallels  were  divided  by  the  table.  Tbis  method  is  pro- 
per for  a  targe  tract,  as  Europe,  &c :  in  which  case  the  pa- 
rallels and  meridians  need  only  be  drawn  tb  every  5  or  10 
degrees:  and  it  is  also  much  used  in  drawing  maps;  as  all 
the  parts  are  nearlyiof  their  due  magnitude,  but  a  little 
distorted  towards  the  outside,  from  the  oblique  intenec- 
tions  of  the  meridians  and  parallels. 

3d  Methods — Draw  fb  of  a  convenient  length,  for  a  me- 
ridian; divide  it  into  9  eqaal  parts,  and  through  tbe  points 
-  of  division,  describe  aa  many  circles  for  the  parallels  of 
latitude,  from  the  centre  i-,  .which  represents  the  pole. 
Suppose  AB  (%.  4)  the  faeight  of  the  map  ;  then  cd  will 
be  the  parallel  passing  through  the  greatest  latitude,  and 
sr  will  represent  the  equatorj  Divide  the  equator  ef 
into  equal  parts,  of  tbe  same  dimension  at  those  in  ab, 
both  ways,  beginning  at  b.  Divide  also  all  the  parallels 
into  thesamenumberofequalparts,  but  lesser,  in  propor- 
tion to  tbe  numbers  for  the  several  latitudes,  as  directed  in 
the  last  method  for  the  rectilineal  parallels.  Then  through 
at)  the  corresponding  divisions,  draw  curve  lines,  to  re- 
present the  meridians,  the  extreme  ones  being  EC  and  fd. 
uutly,  number  the  degiees  of  latitude  and  longitude,  and 
place  a  scale  of  equal  ports,  either  of  miles  or  degrees,  for 
measuring  distances. — ^This  is-a  very  good  way  of  drawing 
large  maps,  and  is  called  tbe  globular  projection  ;  all  the 
parts  of  the  earth  being  represented  nearly  of  their  due  mag- 
nitude, excepting  tiiat  they  are  a  liule  distorted  towards 
tbe  outsides. 

When  t^e  place  which  the  map  is  to  represent,  is  but 
•mall,  as  if  a  county  was  to  be  exhibited;  the  meridians, 
as  to  sense,  will  be  parallel  to  one  anotber,  and  the  whole 
will  differ  very  little  from  a  plane.  Such  a  map  will  be 
made  more  easily  than  by  the  preceding  rules.  It  will 
here  be  sufficient  to  measure  the  distances  of  plitces  in 
miles,  and  so  lay  them  down  in  a  plane  rectangular  map. 
But  this  belongs  more  properly  to  surveying. 

Tie  UieofJAAH  is  obvious  from  their  construction. 
The  degrees  of  the  meridians  and  pamllels  show  the  lati- 
tudes and  longitudes  of  pkcei,  and  the  scale  of  miles  an- 
nexed, tbeir  distances;  the  situation  of  places,  with  regard 
to  each  other,  as  well  as  to  the  cardinal  points,  appears 
by  inspection;  the  top  of  the  map  being  always  the  north, 
the  bottom  tbe  south,  the  right  hand  the  east,  and  the  If  ft 
hand  the  west;  unless  the  compass,  usually  annexed,  show 
the  contrary. 

MARALDI  {James  Philip),  aleained  astrbnomer 
and  mathematician,  was  born  in  l665,  at  Perinaldo  in' 
the  county  of  Nice,  a  place  already  honoured  by  (he  birth 
of  his  maternal  uncle  the  celebrated  Cossini.  Having 
made  a  considerable  progress  in  mathematics,  at  tbe  age 
vi  ^3,  his  uncle  who  had   been  a  long  time  settled  in 
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France,  invited  him  there,  that  he  mi^t  himself  cultivate 
the  promising  genius  of  his  nepbew.  Maroldi  no  sooner 
applied  himself  to  the  contemplation  of  the  heavens,  than 
he  conceived  the  di-sign  of  lurmioj^  a  catalogue  of  tbe 
fixed  stars,  the  foundaiiun  <>f  ail  the  astronomical  pdifice. 
In  consequence  of  this  design,  he  applied  himself  to  ob- 
serve them  with  the  most  constant  attention  ;  and  be  he- 
came  by  this  means  so  intimate  with  them,  that  on  being 
shown  any  one  of  them,  however  small,  he  could  imme- 
diately tell  what  constellation  it  belonged  to,  and  its  place 
in  that  constellation.  He  has  been  known  to  discover 
those  small  comets,  which  astronomers  often  take  for  the 
stars  of  the  coiiitellation  in  which  they  are  seen,  for  want 
of  knowing  precisely  what  stars  the  constellation  Consists 
of,  when  others,  on  the  spot,  and  with  eyes  directed 
equally  to  the  same  part  of  tbe  heavens,  could  not  for  a 
long  time  see  any  thing  of  them. 

In  1700  he  was  employed  under  Castini  in  prolon^ng 
tbe  French  meridian  to  the  northern  extremily  of  France, 
and  had  no  small  share  in  completing  it.  He  then  set 
out  for  Italy,  where  Clement  the  1  Ith  invited  him  to  as- 
sist at  the  assemblies  of  the  Congregation  then  sitting  in 
Rome  to  reform  the  calendar.  Bianchini  also  availed 
himlelf  of  his  assistance  to  construct  the  great  meridian  of 
the  Carthusian  church  in  that  city.  And  in  t^lS  Ma- 
nldi.with  three  other  academicians,  prolonged  tbe  French 
meridian  to  the  southern  extremity  of  that  country.  '  He 
was  admitted  a  member  of  the  Academy  of  Sciences  of 
Paris  in  ifipy,  in  the  department  of  astronomy,  and  com- 
municated to  it  a  great  multitude  of  papery  which  are 
priated  in  their  Memoirs,  in  almost  every  year  from  I699 
to  1729,  and  Uiually  several  papers  in  each  of  the' yean; 
for  he  was  indefatigable  in  his  observations  of  every  thing 
that  was  curious  and  useful  in  the  motions  and  pheno- 
mena of  the  heavenly  bodies.  As  to  tbe  catalogue  of  the 
fixed  stars,  it  was  not  quite  completed  by  him:  lor  just  aa 
he  had  placed  a  mural  quadrant  on  tbe  terrace  of  tbe  ob- 
servatory, lo  observe  some  stars  towards  the  north  and  the 
aenith,  he  fell  sick,  and  died  the  IsC  pf  December  1739. 

MARCH,  Martittt,  the  3d  month  of  the  year,  ac- 
cording to  the  common  way  of  computing,  and  consists 
of  31  days.  The  sun  enters  the  sign  Aries  about  the  20th 
or  21st  day  of  this  month. — Among  the  Romans,  March 
was  tbe  first  month ;  and  in  some  ecclesiastical  computa- 
tions, that  order  is  stilt  preserved.  In  England,  before 
the  alteration  of  the  itile,  March  was  the  )st  month  in 
order,  the  year  always  commencing  with  the  2Jth  day  of 
tbe  month.  It  has  been  said  that  it  was  Romulits  who 
first  divided  tbe  year  into  months ;  to  the  first  of  which 
he  gave  the  name  of  his  supposed  father  Mars.  It  is  ob-  - 
served  by  Ovid,  however,  that  the  people  of  Italy  had  the 
month  of  March  before  the  time  of  Romulus;  but  that 
they  placed  it  diSerently ;  some  making  it  the  third,  some 
the  4tb,  some  the  5th,  and  othen  the  10th  month  of  the 
year. 

MARINE  Bakomztkr,     See  Barometer. 

MARINBRS-CoxpASS.     See  Coupasb. 

MARINUS.  SeePaoCLUS. 
-  MARIOTTE  (Edme),  an  eminent  French  philoaopher 
and  mathematician,  was  born  at  Dijon,  and  admitted  a 
member  of  the  Academy  of  Sciences  of  Paris  in  \66e. 
His  works  however  arc  better  known  than  his  life.  He 
was  a  good  mathematician,  and  the  first  French  philoao- 
pher  who  applied  much  to  experimental  physics.  The 
law  of  tbe  shock  or  collision  of  bodies,  tbe  theory  of  the- 
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pnwnre  and  motion  of  fluids,  the  natore  of  yision,  and  of 
the  sir,  particularly  engaged  bis  attention.  He  carried 
into  his  pbilosophical  researchi'S,  that  spirit  of  scrutiny 
and  investigation  so  nece^ary  to  those  who  would  make 
any  considerable  progms  in  improvement  lie  dii-d  in 
1684. — He  cominunicatc'd  a  number  of  curious  and  va- 
luable papers 'to  the  Academy  of  Science:*,  which  were 
printed  in  the  collection  of  their  Memoirs  dated  lti66,  viz, 
from  volume  1  to  volume  10.  And  all  his  works  were 
collected  into  3  volumes  in  4tD,  and  printed  at  Lcyden 
in  1717. 

MARS,  one  of  the  ancient  seven  primarj-  planets,  and 
the  first  of  the  superior  ones,  being  placed  immediately 
next  above  the  earth.  It  is  usually  denoted  by  this  cha- 
racter i  ,  being  a  marli  rudely  formed  from  a  man  hold- 
ing a  spear  protruded,  representing  the  god  of  war  of  the 
same  name. 

The  mean  distance  of  Mars  from  the  sun,  is  1524  of 
those  parts,  of  which  the  distance  of  the  earth-  from  the 
sun  is  1000;  his  excentricity  143;  and  his  real  distance 
145  millions  of  mites.  The  inclination  of  his  orbit  to  the 
plane  of  the  ecliptic,  is  1°  52' ;  the  length  of  his  year,  or 
'  the  period  of  one  revolution  about  the  sun,  is  o8b'^  of 
our  days,  or  667|  Of  his  own  days,  which  are  40  minutes 
kinger  than  ours,  the  revolution  on  his  axis  being  per- 
formed in  24  hours  40  minutes.  His  mean  diameter  is 
4444  miles;  and  the  same  seen  from  ihe  sun  is  1 1":  the 
inclination  of  the  axis  to  hin  orbit  0°  0';  place  of  the 
aphelion  tIS  3°  S4'i  plact  of  his  ascending  node. a  17°  3'; 
and  his  parallax,  accordijigto  Dr.  Hooke  and  Mr.  Flam- 
steed,  ia -scarce  30  seconds. 

Dr.  Hooke,  in  l665,  oliserved  several  spots  in  Mari; 
which  having  a  motion,  he  concluded  the  planet  turned 
round  its  centre.  In  1 666',  M.  Cassini  obsi-rved  several 
•pots  in  the  two  faces  or  hemispheres  of  M<irs,  which  he 
found  made  one  revolution  in  24  hours  40  minutes.  Thinie 
obiervations  were  repeated  in  l670,  anil  confirmed  by 
Maraldi  in  1704 and  i7l9:  whence  both  tiie  motion  and 
period,  or  natural  dny,  of  that  planet,  were  determined. 

In  the  Philos.  Truns.  for  17S1,  Dr.  Herschet  gave  a 
series  of  observations  i)n  the  rotHliiin  of  this  planet  about 
its  axis,  from  wiiich  he  concluded  that  one  mean  sidereal 
rotation  was  between  84  h.  39  m.  5  sec.  and  24  h.  39  m. 
12  sec.;  and  in  the  Philos.  Trans,  for  1784,  is  given  a 
paper  by  the  same  gentleman,  (m  the  remarkable  appear- 
ances at  the  polar  regions  of  the  planet  Mars,  the  inclina* 
tion  of  its  a\is,  the  position  of  its  poles,  and  its  spheroidi- 
cal figure;  will)  a  few  hints  relating  to  its  real  diameter 
and  atmospliere,(leduced  from  his  o^erv^tions  taken  from 
the  year  1777  lo  1783  inclusively.  He  also  observed  se- 
veral remarkable  bright  spots  near  both  poles,  which  had 
a  small  motion  ;  and  the  results  of  his  observations  are  as 
follow;  y\z, 

"  Inclination  of  axis  lo  the  ecliptic,  39°  aS*. 

Ilienode  of  the  axis  is  in  JC  17°  47'. 

Obliquity  of  the  planet's  eclipt4c  28"  42*. 

The  point  Aries  on  Mars's  ecliptic  answers  to  our  / 
f£l°  28'.— Tlie  hgure'of  Mars  is  tl>at  of  an  oblate  sphe- 
roid, whose  equHturial  diameter  is  to  the  polar  one,  as 
1355  to  1272.  or  as  16  to  15  nearly.— The  equatorial 
diameter  Ol  Mars,  reduced  to  the  mean  distance  of'the 
earth  from  the  sun,  is  9"  8'" — And  the  planet  has  n  con- 
'  siderable,  but  moderate  atmospiiere,  so  that  its  inhabitants 
probably  enjoy  a  situation  in  many  respects  similar  to 
Murs."— Mars  always  appears  witb  a  ruddy  troubled  light; 


owing,  it  is  supposed,  to  the  nature  of  his  atmosphere-, 
through  which  the  light  passes.— In  the  acronJcal  rising 
of  this  planet,  or  when  in  opposition  to  the  sun,  it  is  5 
times  nearer  to  us  than  when  in  conjunction  with  him ; 
and  therefore  appears  much  larger  and  brighter  than  at 
other  times. — Mars,  having  bis  Lght  from  the  sun,  aiid  re- 
volving round  it,  has  an  increase  and  decrease  like  th« 
moon:  it  may  also  bo  observed  almost  bisected,  when  in 
the  quadratures,  or  in  perigson;  but  is  never  seen  comi- 
cular,  as  the  inferior  planets.  • 

MARTIN  (Benjamin),  was  bom  in  1704,  and  be- 
came one  of  the  most  celebrated  mathematicians  and  op- 
ticians of  his  time.  He  first  taught  a  school  in  the  coun- 
try ;  but  afterwards  came  up  to  London,  where  he  read 
lectures  on  experimental  philosophy  ^or  many  yeare,'iind 
carried  on  a  very  extensive  trade  as  an  optician  and  globe- 
maker  in  Fleet-street,  till  the  growing  infirmities  of  old  - 
age  compelled  him  to  withdraw  from  the  active  part  of 
business.  'Ffusting  too  fatally  to  what  he  thought  the  in- 
tegrity of  others,  he  unfortunately,  though  witii  a  capital 
more  than  sufficient  to  pay  all  his'dcbts,  became  a  bank- 
rupt. The  iiniiappy  old  man,  in  amoinent  of  desperation 
from  this  unexpected  stroke,  attempted  to  destroy  him- 
self; and  the  wound,  though  not  immediately  mortal, 
hastened  his  death,  which  happened  the  9th  of  February 
1782,  at  78  years  of  age, 

Mr  M.  had  a  valunble  collection  of  fossils  and  curio- 
sities of  almost  every  species;  which  after  his  death  were 
almost  given  away  by  public  auction.  He  was  indefati" 
gable  as  an  artist,  and  as  a  writer  he  had  a  very  bappy 
method  of  explaining  bis  subject,  and  wrote  with  clear- 
ness, and  even  considerable  elegance.  He  was  chiefly 
eminent  in  the  science  of  optics;  but  he  was  well  skilled 
in  the  whole  circle  of  the  mathemntical  and  philosophical 
sciences,  und  n;rote  useful  books  on  every  one  of  them  ;  . 
though  he  was  not  distinguished  by  any  remarkable  in- 
Tentions  or  discoveries  of  his  own.  His  publications 
were  very  numerous,  and  generally  useful:  some  of  the 
principal  of  them  were  as  follow: 

The  Philosophical  Grammar ;  being  a  View  of  the  pre- 
sent State  of  t^xperimental  Physiology,  or  Natural  Philo- 
sophy, 1735,  8vn. — .\.new,  complete,  and  universal  Sys- 
tem or  Body  of  Decimal  Arithmetic,  1735,  8vo. — The 
Young  Student's  Meniorial  Book,  or  Pocket  Library, 
1735,  8vo.— Description  and  Use  of  both  the  Globes,  tha 
Armillary  Sphere  and  Orrery,  Trigonnmetry,  1736,  2 
vols.  8vo. — System  of  the  Newtonian  Philosophy,  1759, 

3  vols,— New  Elements  of  Optics,  1759 — Mathematical 
Institutions,  1764,  2  vols. — Philulof[ic  and  Philosophical 
Geography,  1759.— Lives  of  Phiiobophers,  their  Inven- 
tions, &c.  1764.— Young  Gentleman  and  Lady'a  Philoso- 
phy, 176+,  3  vols— Miscellaneous  Correspondence,  I7fi*, 

4  vols. — Institutions  of  Astniiioniical  Calculations,  3 
parts,  1761. — Introduction  to  the  Newtonian  Philosophy, 
1765. — Treatise  of  Logarithms. — Treatise  on  Navigation. 
Description  and  Use  of  the  Air-pump. — Description  of 
the  Torricellian  Barometer.— Appendix  to  the  Use  of  the 
Globes,— Philosopliia  Britannica,  3  vols,— Principles  of 
Pump-wofk/— Theory  of  the  Hydrometer.— Description 
and  Use  of  a  Case  of  Mathematical  Instruments.— Ditto 
of  a  Universal  Sliding  Rule. — Micmgraphia,  on  the  Mi- 
croscope.—Principles  of  Perspective, — Course  of  Lcc-  ' 
tures. — Optical  Essays. — Essay  on  Electricity. — Essay  on 
Visual  Glassca  or  Spectacles.— Horologia  Nova,  or  New 
Art  of  Dialling. — Theory  of  Comets.— Nature  uid  CoDf 
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stractkin  of  Solar  Eclipses.— Venus  in  the  Sun.— The 
Mariner'g  Mirror.— Therm ometrum  Magnum— Survey  of 
the  Solar  System.- Essay  on  Island  Chrystal.— Logarith- 
mologia  Nova,  &c.  &c. 

MASKELYNE  (Nevil),  d.  d.  r.  a.  s.  Astronomer 
Royal,  &c,  wai  born  in'Londcin,  on  the  6th  of  October 
3732,  of  an  ancient  family,  which  had  been  long  establish- 
ed ill  the  west  of  England.  At  9  years  of  age  he  wat 
placed  at  Westminster  school,  where  his  diligence  speedily 
diitinguished  him.  He  acquired  an' early  taile  for  astro-- 
nomy  and  optics;  but  it  was  the  solar  eclipse  of  1748 
which  decided  his  vocation.  Perceiving  how  necessary 
the  muthematics  were,  in  the  course  he  proposed  to  Uke, 
he  determined  on  the  itudy  of  them,  and  acquired  in  a 
few  months  the  elements  of  geometry  and  algebra.  This 
£rst  success  was  the  earnest  of  what  he  could  not  avoid 
obtaining,  by  reading  the  chief  works  on  astronomy  and 
the  higher  analysis,  which  he  habitually  studied.  About 
this  time  he  went  to  Cambridge,  and  entered  in  Catharine- 
hall,  but  afterwards  in  Trinity-college,  where  he  received, 
with  applause,  the  degree  uf  bachelor  of  arts. 

In  1755,  he  accepted  of  a  curacy  in  the  vicinity  of 
London,  where  he  resided  some  years,  employing  his  lei- 
sure time  in  his  favourite  study.  This  situation  also  faci- 
litated his  acquaintance  with  the  then  astronomer- royal 
Bradley,  for  whom  it  appears  that  he  made  some  calcu- 
lations of  importance.  In  175S,  he  became  fellow  of  Tri- 
nity-college, Cambridge,  and  the  next  year  a  fellow  of  the 
Royal  Society. 

But  it  was  in  the  year  176I  that  his  real  astronomical 
career  began,  when  he  was  chosen  to  go  to  the  island  of 
St.  Helena,  to  observe  the  transit  of  Venus  over  the  sun's 
disk,  and  the  parallax  of-the  star  Sirius,  which  had  often 
been  observed  by  Lacaille  at  tiie  Cape  of  Good  Hope. 
From  calculating  these  observations.  Dr.  M.  thought  De 
saw  proofs  for  the  existence  of  a  parallax  of  i"^. 

Clouds  prevonted  the  observation  of  the  transit  of  Ve- 
nus, the  first  object  of  the  voyage.  But  being  furnished 
with  an  excelleut  pendulum  clock  of  Shetton's,  which 
had  been  regulated  at  Greenwich  by  Dr.  Bradley,  he  de- 
termined the  number  of  oscillations  which  it  made  lets  at 
St.  Helena  than  at  London,  in  order  thence  to  deduce  the 
diminution  of  gravity. 

The  secondary  object  of  the  voyage,  the  parallax  of  Si- 
,  rius  also  failed,  through  the  feult  of  the  suspension  of  the 
plumb-line,  by  a  loop  from  the  neck  of  a  central  pin; 
which  had  likewise  been  the  fault  of  Lacaille's  instru- 
lAent.  This  disappointment  gave  occasion  to  an  improve- 
ment in  the  construction  of  these  astronomicaJ  instru- 
ments. Several  other  obstrvatioos  however  in  part  in- 
demnified Dr.  M.  for  th  osc- disappoint  me  nts ;  such  as  the 
observation  of  the  tides  at  St.  Helena,  the  variation  of  the 
compass,  and  the  moon's-  horary  parallaxci,  Sec.  Also, 
in  going  out  and  returning  home,  he  practised  the  method 
of  finding  the  longitude  by  the  lunar  distances  taken  with 
a  Hadley's  quadrant,  making  out  rules  for  the  use  of  the 
seamen,  and  taught  the  method  to  the  ofiicerB  on  board 
the  ship.  The  same  he  afterwards  explained  in  a  letter  to 
Dr.  Binch,  the  secretary  to  the  Royal  Society,  which  was 
inserted  in  the  Philos.  Trans,  vol.  52,  for  the  yeaV  1762 ; 
and  still  more  fully  in  t^c  Britiah  Mariner's  Guide,  which 
be  published  soon  after  his  return  from  St.  Helena,  and 
which  contained,  among  various  new  and  practical  ar- 
ticles in  nautical  astronomy,  rules  and  examples  for  work- 
ing, the  lunar  olnen'ati  on*. 
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In  I7£3,  Dr.  Maskelyne  went  to  the  isluid  of  Barba- 
does,  to  settle  the  longitude  of  the  place,  and  compare 
Mr.  Harrison's  watch  with  the  time  there,  when  he  should 
arrive  at  the  island  with  it.  In  this  voyage  also.  Dr.  M. 
tried  observations  un  board  of  ship  with  Irwin's  marine 
chair,  which  was  found  not  to  answer  the  purpose.  Dr. 
M.  made  also  several  other  astronomical  observations,  and 
among  the  rest,  many  relating  to  the  moon's  horary  pa- 
rallaxes. See  Astronomical  Observations  at  Sl  Helena 
and  Barbadoes,  in  the  Philos.  Trans.  voL  5*.  Dr.  M.  re- 
turned from  Barbadoes  in  the  autumn  of  1764,  and  made 
the  report  oq  Mr.  H's  watch,  which,  though  favourable 
in  general  to  the  celebrated  artist,  was  br  from  satisfying 
Mr.  H.  who  attacked  him  in  a  pamphlet,  to  which  Dr.  M. 
wrote  a  reply.  ' 

In  WSi,  Dr.  M.  succeeded  Mr.  Bliss,  a*  astroDomer- 
royal  at  Greenwich  Observatory,  where  for  47.  yaars  he 
diligently  watched  the  heavens,  aitd  rendered  innumerable 
benefits  to  the  nation,  as  well  as  to  individuals,  in  all  the 
arts  and  sciences  connected  with  astronomy  and  naviga- 
tion. Immediately  on  his  appointment  to  that  office,  he 
recommended  the  lunar  method  of  finding  the  longitude 
to  the  Board  of  Longitude,  and  proposed  to  tbem  to  cause 
a  nautical  almanac  to  be  calculated,  and  published,  to 
facilitate  the  method ;  which  they  agreed  to  ;  the  first  of 
which  was  publbbed  for  1767,  aad  which  was  continued 
under  his  direction,  with  the  greatest  credit,  through  48 
successive  years.  He  also  published  a  useful  collection 
of  tables  requisite  to  be  used  with  the  nauticalalmaitacs; 
as  well  as  edited  or  encouraged  tb«  publication  of  other 
works,  of  like  accessory  usefulneui  as,  Taylor's  Loga- 
rithms, the  improved  lunar  tables  of  M*yer,  and  Mason, 
&c,  ficc.  He  procured  also,  at  the  expenac  of  the  Royi^ 
Society,  the  regular  publication  of  all  bis  own  aatronoui- 
cal  observations,  made  at  the  Observatory,  forming  a  vast 
body  of  valuable  matter,  in  4  large  folio  volumes. 

Dr.  M.  thus  continued  indefatigable. in  making  obsei^ 
vations  for  47  years,  hardly  ever  quitting  the  Observatory, 
except  once  a- week,  in  attending  the  meetings  of  the 
Royal  Society  one  part  of  the  year.  In  1769,  he  remain- 
ed in  it  to  observe  the  transit  of  Venus,  and  he  drew  up 
iiMtructions  for  the  astronomers  sent  out  by  Great  Britain 
to  different  countries.  He  collected  their  observations, 
and  deduced  from  them  the  sun's  par&llax,  and  his  di- 
stance from  the  earth.  At  his  observatory,  he  made  many 
of  the  morit  interesting  and  most  difficult  observations 
himself,  as  those  of  the  moon;  but  necessarily  can  fidcd  t* 
his  assistant,  those  which  were  less  essential  and  more 
easy.  He  followed  closely  the  methods  established  by  his 
celebrated  predecessor  Bradl^,  whom  he  even  surpassed 
in  the  exactness  of  his  daily  observations.  He  brought 
to  perfection  Flamsteed's  method  of  delermioing,  at  once, 
iho  right  ascensions  of  stars  and  of  the  sun.  He  gave  a 
catalogue  of  stars,  not  numerous  indeed,  but  determined 
with  particular  care,  which  has  served  almost  solely,du- 
ring  these  thirty  years,  for  the  foundation  of  all  astrono- 
mical researches. 

Dr.'M.  did  not  publish  much  himself,  being  otherwim 
more  usefully  employed  on  his  observations :  but  he  was 
the  cause  and  promoter  of  many  publications  by  others. 
He  corresponded  with  almost  all  the  astrononvrs  and 
philosophers  in  the  world;  and  he  was  the  medium  of 
many  of  their  communications  to  the  Royal  Society.  The 
writing  he  produced,  are  remarkable  for  just  ideas  and 
an  enlightened  criticism.     Such  is  a  Dissertation  on  the 
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E(|liation  of  Titne,  where  he  has  delicately  noticed  a  mis*  Tbus  wc  have  described  the  philosopher:  but  the  man, 
take  of  Lacaille,  and  another  less  important  mistake  of  .the  father,  the  friend,  was  nut  less  valuable.  Every  ai- 
Lalaiide.  Some  donbts  having  been  raised,  respecting  tronomer,  cveryphiloaophcr,  found  in  him  a  brother.  Of 
the  difierence  in  latitude  and  longitude  between  the  obser-  a  character  rriendly  and  amiable,  he  gained  the  aETeclions 
vatories  of  GrMnwich  and  Paris,  Dr.  M.,  to  whom  the  of  all  those  who  hnd  the  good  furtune  to  know  him,  end 
observations  were  sent,  showed,  with  his  usual  mode/a-    his  death  was  honoured  with- their  regret 


tion,  that  the  doubts  were  improper;  but  he  did  not  op- 
pose the  methods  proposed  to  obviate  them. 

It  was  owing  to  the  exertions  of  Dr.  M-,  thai  a  rery  sa- 
tisfactory experiment  was  made  to  ascertain  the  general' 
attraction  of  matter,  and  the  medium  density  of  all  the 
matter  in  the  earth.  By  a  memoir  presented  to  the  Royal 
Society,  he  recommended  it  to  that  body,  to  try  the  expe- 
riment on  the  attraction  of  some  hill  in  the  British  domi- 
nions. A  convenient  one  having  been  found,  viic,  the 
Mountain  Schihallien  in  Scotland,  at  the  request  of  the 
Society,  Dr.  M.  himself  repaired  to  the  place,  and  super- 
intended the  necessary  measurements  and  observations, 
with  his  usual  attention  and  correctness.  His  survey  fur- 
nished the  just  plan  end  numerous  sections  of  the  hill,  ofessidi 
end  bis  zenith  sector  showed  5"8  for  the  mean  deviation    are 


MASS. — The  quantity  of  matter  in  any  body.  This  is- 
rightly  estimated  by  its  weight;  whatever  be  its  figure,  or 
whether  its  bulk  or  magnilu(!e  he  large  or  small. 

MATERIAL,  relating  to  Matter. 

MATHEMATICAL,  relating  to  Mathematics. 

MATHEMATiCAL.S«rf,  isoneof  the  two  leading  philo- 
sophical secis,  which  arose  about  the  beginning  of  the  17  th  . 
century;  the  other  being  the  metaphysical  sect.  The 
former  directed  its  researches  by  the  principles  of  Gas- 
sendi,  and  sought  after  truth  by  observation  and  experi- 
ence. The  disoiplcs  of  this  sect  denied  the  possibility  of 
erecting  on  the  ba^is  of  metsphysical  and  Abstract  truths, 

'egular  and  solid  system  of  philosophy,  without  the  aid 
bservalion  and  repeated  experiments,  ivhich 
itural  and  eflectual  means  of  philosophical 


of  the  plumb-line  by  the  attraction.  From  these  materials  progress  and  improvement.  The  advt 
it  was.  that  the  laborious  calculations  of  Dr.  Hutton  tation  of  this  sect,  and  of  natural  kn< 
showed,  for  the  first  time,  that  the  mean  density  of  the     were  much  owing  to  the  plan  of  phili 


vied; 


whole  earth  was  about  5  times  the  density  of  i 
termination  most  likely  very  near  the  truth. 

Dr.  M.  was  particularly  attentive  to  the  care  of  his  in- 
struments, end  mode  many  "improvements  in  ihem,  and 
the  modes  of  employing  them.  He  greatly  improved  the 
suspension  of  the  plumb-line  of  the  eenilh  sectors.  He 
contrived  a  micrometer  composed  of  a  prism,  which 
moves  according  to  the  axis  of  .the  telescope.  He  made 
the  eye-piece  moveable,  in  order  to  avoid  all  parallux  in 
bringing  the  eye  opposite  to  each  of  the  five  wires,  which 
the  star  passes  in  succession.  He  discovered  also  the  in- 
convenience of  narrow  openings, used  in  all  observatories: 


nt  and  repu- 
u  in  general, 
oposcd 


Newtor 


establishment  of  the  Royal  Society 
m,  to  the  genius  and  industry  of  Mr. Boyle,  an4 
iparalli'lcd  researches  and  discoveries  of  Sir  Isaac 
Barrow,  Wallis,  Locke,  und  many  other  great 
es  in  It-arning  also  adorned  this  sect. 
MATHEMATICS,  the  science  of  quantity;  or  a  sci- 
ence that  considers  m^nitudes  either  es  computable  or 
measurable.     The  word  in  its  original,  fiaS^jc'if,  mathesU, 
signifies  Discipline  or  Science  in  genera!;  and,  it  seems, 
has  beun  applied  to  the  doctrine  of  quantity,  either  by 
mincnce,  or  because,  this  being  the  first  of  all 
lool^  their  common  name  from  ii 


lie  enlarged  the  size  of  those  at  Greenwich,  after  having  As  to  the  origin  of  the  mathematics,  Joscphus  dales  il 

■hown  the  necessity  of  placing  the  telescopes  as  much  es  fore  the  Bood,  and  makes  the  sons  of  Seth  observers  of  the 

possible  in  the  open  air :  besides  many  more  optical  and  course  and  order  of  the  heavenly  bodies  :  he  adds,  that  to 

mechanical  itnprovements.  perpetuate  their  discoveries,  and  secure  theni  from  the  in- 

Dr.  M.  had  good  church  preferment  from  his  college;  juries  either  of  d  deluge  or  a  confiagration,  ihey  bed  jhcni 

and  his  paternal  estates,  of  which  he  was  tlf^  last  male  engraven  on  two  pillars,  theoneof  stune,ihe  otherof  brick; 


o  considerable.  Having  ex[}eri 
dual  decline  of  his'  health  for  some  months,  he  at  length 
expired  «n  thegih  of  Februay  1811,  in  the  79th  year  of  his 
age ;  leaving  a  widow  and  daughter,  as  also  his  sister,  the 
relict  of  Robert,  late  Lord  Clive. 

The  pnndpal  works  which  Dr.  .AL  left,  besides  bis 
4  vols,  in  folio  of  observations,  the  memoirs  before  no- 
ticed, and  the  first  46  volumes  of  the  Nautical  Almenec, 
calculated  under  his  direction,  and  revised  by  him,  are, 
hit  British  Mariner's  Guide;  the  Tables  requisite  for  the 
Usage  of  the  Nautical  Almanac;  Dissertations  on  Nauti- 
cal Astronomy  and  the  Use  of  the  Octant;  with  at  least 
30  learned  memoirs  presented  to  the  Royal  Society,  and 
--— -'    '-^    ■'  ;   Philos.  Transactions,   be(M 


1762  and  1754;  and  finally,  his  posthum 


the  former  of  which,  he  says,  was  yet  standing  in  Syria  in 
his  time. 

Indeed  it  is  pretty  generally  agreed  that  the  firtrt  culti- 
vators of  mathematics,  after, the  flood,  were  the  Assyrians 
and  Chaldeans;  from  whom,  Josephus  adds,  the  science' 
was  carried  by  Abraham  to  the  Egyptians;  who  became 
so  celebrated  for  their  knowledge,  that  Aristotle  even. 
fixes  the  first  rise  of  malhematics  among  them.  From 
Egypt,  584  years  before  Christ,  mathematics  passed  into 
Greece,  being  carried  thither  by  Thalcs;  who  having 
learned  geometry  of  the  Egyptian  priests,  taught  it  in  his 
own  country.  After  Thales,  came  Pythagoras;  who, 
among  other  mathematical  arts,  paid  e  particular  regard 
the  greatest  part  of  his  philosophy 


the  contents  of  which 
astronomers  will  be  very 


furks,   (tf     from  numben.      He  was  the  first,  1 


:ordin 


yet  ignorant,  but  which 
us  to  receive  from  the 
hands  of  Professor  Vince,  to  whose  care  it  seems  Ihey 
have  been  left.  .Indeed  it  wotJd  be  well  becoming  the 
respect  of  his  relict,  to  cause  a  collected  and  uniform  edi- 
tion of  all  his  works  to  be  made,  for  the  honour  of  hi 
memory  and  the  grenler  convi 
public. 


to  Laertius, 


who  abstracted  geometry  from  matter;  and  1< 
the  doctrine  of  incommensurable  magnitude,  and  the  five 
regular  bodies,  besides  the  first  principles,  of  music  and 
astronomy.  To  Pythagoras  succeeded  Anaxagoras,  Oc- 
nqpides,  Briso,  Antipho,  and  Hippocrates  of  Scio  ;  all  of 
wiiom  particularly  applied  themselves  to  the  quadrature 
of  the  scieiilinc  of  the  circle,  the  duplication  of  the  cube,  &c;  but. the 
efforts  of  the  latter  were  the  most  successful:  he  is  also 
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mentioaei)  fay  Proclus,  ns  the  tirst  uho  cumpil 
oftnaibeaialics. 

Deiuncritu?  exwilid  in  maihematicfi  as 
though  none  of  his  works  in  either  kind 
destruciion  of  which  is  by  some  authors  aacribtd  to 
Aristotle.  Tlie  next  in  order  is  I'Uto,  who  nut  only  im- 
proved geom.etry,  faut  iniroiluced  it  into  phynics,  and  so 
laid  the  Ibundatioii  of  a  solid  philosophy.  From  his 
school  arose  a  number  of  mathemaiicians.  Proclus  men- 
tions 13  of  nolf ;  among  whom  was  Leodamus,  who  im- 
proved the  analysis  first  invented  by  Platu ;  Thcaftctus, 
who  wrote  Elements ;  and  Archytas,  who  has  the  credit  of 
being  the  fir^t  that  applied  machi'matics  lo  tlie  useful  pur- 
poses of  life.  These  were  succeeded  liv  Neocles  and 
Theun,  the  last  of  whom  contributed  to  the  elements. 
Eudoxus  excelled  jn  arithmetic  and  geometry,  ail d  was 
the  first  founder  of  !i  system  of  astronomy.  Mcnechmus 
invcnied  the  conic  sections,  and  Thelidius  and  Hermotimus 
improved  the  elements. 

For  Aristotle,  his  works  are  so  stored  with  mathema- 
-  tics,  that  Blancanus  compiled  out  of  them  an  entire  book 

on  mathematics.  Eudemus  and  Theophrastus  were  of  is,  because  thi 
'  this  school ;  the  first  of  whom  wrote  upon  numbers,  geo-  every  persoi 
metry,  and  inviiiiblc  lines;  and  the  latter  composed  a  ma- 
thematical history.  To  Anstcus,  Isidorus,  and  Hyp- 
aicK-s,  we  owe  the  books  of  Solids ;  which,  with  the  other 
books  of  Elements,  were  improved,  collected,  and  me- 
thodised by  Euclid,  who  died  284  years  before  the  birth 
of  Christ 

A  hundred  years  after  Euclid,  .Eratosthenes  and  Ar- 
chimedes became  celebrated  for  their  extensive  know- 
ledge, particularly  the  latlcr,  who  was  contemporary  with 
Conon,  a  geometriciiin  and  astronomer.  Soon  after  which 
flourished  Apollnmus  Perg»us,.whose  excellent  treatise  on 
conicti  is  still  extant.  To  him  are  also  ascribed  the  14th 
aod  15lh  books  of  Euclid,  and  which,  it  is  said,  were  con- 
tracted by  Hypsicles.  Hippsrchus  and  Menelaus  wrote 
on  the  subtenses  of  the  arcs  in  a  circle  ;  and  the  latter  also 
on  spherical  triangles.  Theodosius's  3  books  of  Spherics 
are  still  extant.  All  these  authors,  Menelaus  excelled, 
lived  before  Christ. 

Ptolemy  of  Alexandria,  a  celebrated  geomeltici 


[    84    ]  MAT 

I  elements        Specvtaiitit  Mathematics,  is  that  which  barely  con- 

lemplales  the  properties  of  things:  and 
s  physics; '      iVocd'ca/MA^iiBMATics,  that  which  applies  the  know- 
tant ;  the     ledge  of  those  properties  to  some  useful  purposes, 

Pwe  Mathematics  is  that  branch  which  comiders 

quantity  abetracledly,  and  without  any  relation  to  matter 


the  prince  of 


Mixed  Mathematics  considers  quantity  as  aubsisting 
in  material  beings ;  for  instance,  length  in  a  pole,  depth  in 
a  river,  height  in  a  tower.  Sic 

Pure  Matkemaiio,  again,  either  considers  quantity  as 
discrete,  and  so  computable,  as  arithmetic ;  or  as  concrete, 
and  so  measurable,  as  geometry. 

Mixed  Mathematici  are  very  exteusive,  and  are  distin- 
guished by  various  names,  according  to  the  different  sub- 
jects it  considers,  and  the  different  views  in  which  it  i* 
taken  i  such  as  astronomy, geography,  optics,  hydrostatics; 
navigation,  &c,  &c. 

Pure  mathematics  has  one  peculiar  advantage,  that  it 
ocoasions  no  contests  among  wrangling  disputants,  as  is 
the  case  in  other  branches  of  knowledge  :  and  the  reason 
^finitions  of  the  terms  are  premised,  and 
reads  a  proposition  has  the  same  idea  of 
every  part  of  it.  Hence  it  is  easy  to  put  an  end  to  all  ma- 
thematical controversies,  by  showing,  either  that  our  ad- 
versary is  not  constant  With  his  definitions,  or  has  not  esta- 
blinhed  the  true  premises,  or  that  he  has  drawn  false  con- 
clusions from  true  principles  ;  and  in  case  we  are  not  able 
to  do  either  of  these,  we  must  acknowledge  the  truth  of 
what  he  has  proved.  It  is  true,  that  in  mixed  mathematici, 
where  we  reajon  mathematically  upon  physical  subjects, 
such  Just  de6nilionH  cannot  be  given  as  in  geometry  :  wc 
mast  therefore  be  content  with  descriptions;  which  will  be 
of  the  same  use  as  definitions,  provided  we  be  consistent 
with  ourselves,  and  always  mean  the  same  thing  by  those 
terms  wc  have  once  explained. 

I)r.  Barrow  gives  a  very  elegant  description  of  the  ex- 
cellence and  usefulness  of  mathematical  knowledge,  in  his 
inaugural  oration,  on  being  appointed  professor  of  mathe- 
matics at  Cambridge.  The  mathematics,  he  observes, 
effectually  exercise,  not  vainly  delude,  nor  vcxatiously 
tormentstudiousminda  with  obscure  subtleties,  but  plainly 


I  bom  about  70  years  after     demonstrate  every  thing  within  their  reach,  draw  certain 


To  him  succeeded  the  philosopher  Plutarch, 
some  of  whose  mathematical  problems  are  still  extant. 
After  him,  in  the  order  of  time,  was  Eutocius,  who  com- 
mented on  Archimedes,  and  occasionally  mentions  the  in- 
ventions of  Philo,  Diodes,  Nicomcdcs,  Sporus.and  Heron, 
on  the  duplication  of  the  cube,  ToCtcsebea  of  Ale\andria 
we  arc  indebted  for  pumps ;  and  Geminus,  who  lived  soon 
after,  is  preferred  by  Proclus  to  Euclid  himself. 
•  Diophanlus  of  Alexandria  was  a  great  master  of  num- 
bers, and  the  first  Greek  writer  on  algebra  that  we  know 
of.  Among  others  of  the  ancients,  Nicomachus  is  cele- 
brated fqr  his  arithmetical,  geometrical,  and  musical 
works :  Serenus,  for  his  books  on  the  section  of  the  cylin- 
der: Proclus,  for  his  comraentarips  on  Euclid;  and 
Thoon,  who  has  been  said  lo  be  the  author  of  the  books  of 
Elements  ascribed  to  F.uclid.  The  last  to  be  named  ampng 
the  ancients,  is  "Pappu-i  of  Alexandria,  who  fleurishcd 
about  the  year  of  Christ  400,  and  is  justly  celebrated  for  veral  branch) 
his  books  of  Mathematical  Cullectioos,  still  extant.  MATTER, 

Mathematics  are  commonly  distinguished  into  specula' 


e  and  practical,  pure  and  mixed. 


conclusions,  instruct  by  profitable  rules,  and  unfold  plea- 
sant questions.  These  disciplines  likewise  enure  and  cor- 
roborate the  mind  to  a  constant  diligence  in  study  ;  they 
wholly  deliver  us  from  a  credulous  simplicity,  most 
strongly  fortify  us  against  the  vanity  Af  scepticism,  efleo 
lually  restrain  us  from  a  rash  presumption,  most  easily  in- 
cline ua  to  a  due  assent,  and  perfectly  subject  us  to  the 
government  of  right  reason.  While  the  mind  is  abs- 
tracted and  elevated  from  sensible  matter,  distinctly  views 
pure  forms,  conceives  the  beauty  of  ideas,  and  investi- 
gates the  harmony  of  proportions ;  the  manners  themselves 
arc  sefisibly  corrected  and  improved,  the  afTections  com- 
posed and  rectified,  the  fancy  calmed  and  settled,  and  the 
understanding  raised  and  escited  to  more  divine  contem- 
plations. 

For  the  history  of  mathematics,  consult  Wallis,  Montu- 
Kiestner,  Bossut,  Bailey,  &c,  and  the  names  of  its  te- 
'      in  this  Dictionary. 

an  extended  substance.     Other  properties 
that  it  resists,  is  solid,  divisible,  moveable. 


passive,  &c  :  and  it  forms  the  principles  of  which  all  bo- 
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'  diessrecompoBed.  Matter  and  form,  the  two  simple  and 
ongical  principles  of  all  things,  according  to  the  an- 
cienta,  composin^Mue  aiinple  natures,  which  they  called 
Element) ;  from  the  various  combinations  of  which  all  na- 
tural things  were  afterwards  composed. 

Dr.  Woodward  was  of  opinion,  that  matter  is  originally 
snd  really  Tarious,  being  at  its  first  creation  divided  into 
several  ranks,  sets,  or  kinds  of  corpuscles,  differing  in  sub- 
stance, gravity,  hardness, flexibility,  figure, sise.  Sic;  and 
from  the  various  compositions  and  combinations  of  which, 
he  thinks,  arise  all  the  varieties  in  bodies  as  to  colour,  hard' 
Tiess,  gravity,  tastes,  Ac,  But  it  is  Sir  Isaac  Newton's  opi- 
nion, that  all  those  differences  result  from  the  various  ar- 
rangements of  the  same  matter;  which  he  accounts  homo* 
gcneous  and  uniform  in  all  bodies. 

llie  quantity  of  matter  in  any  body,  is  its  measure 
^sing  from  the  Joint  consideration  of  the  magnitude  and 
denuty  of  the  body :  u,  if 'one  body'be  twice  ai  dense  as 
another,  and  also  occupy  twice  the  space,  then  will  it 
-contain  4  times  the  matter  of  the  other.  This  quantity  of 
maner  is  best  discovered  by  the  weight  or  gravity  of  the 
body,  to  which  it  is  always  proportional. 

Newton  observes,  that  *'  it  seems  probable,  God,  in  the 
beginning,  formed  matter  in  solid,  massy,  hard,  im- 
penetrable, moveable  particles,  of  such  siies,  figures,  and 
with  such  other  properties,  and  in  such  proportion  to 
■pace,  as  most  conduced  to  the  end  for  which  he  formed 
them  i  and  that  these  primitive  particles,  being  solid,  are 
ittcomparably  harder  than  any  porous  bodies  compounded 
of  them;  even  so  very  hard,  as  never  to  wear,and  break  in 
pieces :  no  ordinary  power  being  able  to  divide  what  God 
himself  made  one  in  the  first  creation.  While  the  par- 
'ticles  continue  entire,  they  may  compose  bodies  of  one 
and  the  same  nature  and  texture  in  all  ages;  but  should 
they  wear  away,  or  break  in  pieces,  the  nature  of  things 
depending  on  them  would  be  changed.  Water  and 
earth,  composed  of  old  worn  particica,  would  not  be 
of  the  same  nature  and  texture  now  with  water  and 
earth  comj>osed  of  entire  particles  in  the  be^nning.  And 
therefore,  that  nature  may  be  lasting,  the  changes  of  cor- 
poreal things  are  to  be  placed  only  in  the  various  separ^ 
tions  and  new  associations  and  motions  of  these  perma- 
nent particles;  compound  bodies  being  apt  to  break,  uot 
in  the  midst  of  solid  particles,  but  where  those  particles 
are  laid  together,  and  touch  in  a  few  points.  It  seems 
farther,"he  continues,  "  that  these  particles  have  not  only 
a  vis  inertis,  accoi^|anied  witb  such  passiva  laws  of  mo- 
,  tiop  as  naturally  result  from  that  force,  but  also  that  they 
are  moved  by  certain  active  principles,  such  as  is  that  of 
gravity,  and  that  which  causeth  fermentation,  and  the  co- 
hesioD  of  bodies.  These  principles,  are  to  be  considered 
not  as  occult  qualities,  supposed  to  result  from  the  specific 
forms  of  things,  butasgeneral  taws  of  nature,  bywhichthe 
things  themselves  are  formed  j  their  truth  appearing  to  us  by 
phenomena,  though  their  causes  are  not  yet  discovered." 

Hobbes,  Spinnca,  Sec,  maintain  that  all  the  beings  in  ibe 
univene  are  material,  and  that  their  differences  arise  Eroro 
their  different  modifications,  motions,  &c.  Thus  they 
eonceive  that  matter  extremely  subtile,  and  in  a  brisk  mo- 
tion, may  think,  &c.  Dr.  Berkeley,  on  the  contniry,  argues 
against  tbe  existence  of  matter  itself;  and  endeavours  to 
prove  that  it  is  a  mere  ens  rationis,  aiid  has  no  existence 
out  of  the  mind. 

Some  late  philosophers  have  advanced  a  new  hypothesta 
concerning  tbe  nature  and  essential  propenica  of  matter. 
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The  first  of  these  who  suggestod,  or  at  leai^Uitlied  an 
account  of  this  hypothesis,  waa  lf,Bbs«mch,  in  his 
Theoria  PhlloeophiB  Naturtdii.  Hfi  *uppo#i  that  mattei 
is  not  impenetrable,  bnt  that  it.consists  of  fhysical  points 
only,  endued  wiik  powers  o(  Bttt«c||41  and  repulsion, 
taking  place  at  different  distances,  ullt  if,  surrounded 
with  various  spheres  of  attiactioo  a^^ Repulsion ;  in  the 
same  manner  as  solid  matter  is  generaiuy  supposed  to  be. 
Provided  therefore  that  any  body  mo|t  with  a  sufficient 
degreeof  velocity,  or  have  siiflicient  Aomentum  to  over^ 
come  aoy  power  of  repulsion  that  it  faay  meet  with,  it 
will  find  no  difficulty  in  making  its  waV  through  aoy  body 
whatever.  If  the  velocity  of  such  aVidy  in  motion  b« 
sufficiently  great,  Boscovich  contends,  tbkt  the  particles  of 
any  body  through  which  it  passes,  will  ndteven  be  moved 
out  of  their  place  by  it,  Wi&  a  degree  of  velocity  some- 
thing leas  than  this,  they  will  be  considerably  agitated,  and 
ignition  might  perhaps  be  the  Consequence,  though  the 
progress  of  the  body  in  motion  would  not  be  sensibly  in- 
terrupted ;  and  with  a  stilL  leas  momentum  it  might  not 
pass  at  all. 

Mr.  Michelt,  Dr.  Priestley,  and  sune  others  ofourown 
country,  are  of  the  same  opinion.  See  Priestley's  History 
of  Discoveries  relating  to  IJght,  pa.  390.— In  conformity 
to  the  atmve  hypothesis,  our  author  maintains,  that  matter 
is  not  that  inert  substance  that  it  has  bwn  supposed  to  be ; 
that  powers  of  attraction  or  repulsion  are  necessary  to  ita 
very  being,  and  that  no  part  of  it  appears  to  be  impene- 
trable to  other  parts.  Accordingly,  he  defines  matter  to 
be  a  substance,  possessed  of  the  property  of  extension,  and 
of  powers  of  attraction  or  repuluon,  which  are  not  distinct 
from  matter,  and  foreign  to  it,  as  it  has  been  generally 
imagined,  but  absolute^  essential  to  its  very  nature  and 
being ;  so  that  when  bodies  are  divested  of  these  powers, 
they  become  nothing  at  alt.  In  another  plac^  Dr.  Priest- 
ley has  given  a  somewhat  different  account  of  matter  | 
according  to  which  it  is  only  a  number  of  centres  of  at> 
traction  and  repulsion ;  or  more  properly  of  centres,  not 
divisible,  to  which  divine  agency  is  directed ;  and  as 
sensation  and  thought  are  not  incompatible  with  these 
powers,  solidity,  or  impenetrability,  and  consequently  a 
vis  inertiK  only  having  been  thought  repugnant  to  then, 
he  maintains,  that  we  have  no  reason  to  suppose  that  there 
are  in  man  two  substances  absolutely  distinct  from  each 
other.     See  Disquisitions  on  Matter  and  Spirit, 

But  Dr.  Price,  in  a  cortespondence  with  Dr.  Priestley, 
published  under  the  title  of  A  free  Discussion  of  the 
Doctrines  of  Materialism  and  Philosophical  Necessilyj 
1778,  has  suggested  a  variety  of  strong  objections  agaialt 
this  hypothesis  of  the  penetrability  of  matter,  and  against 
the  conclusions  that  aredrawn  from  it.  The  vis  inertia  uf 
matter,  he  says,  is  the  foundation  of  all  that  is  demonstrated 
by  natural  philosophers  conctming  the  laws  of  the  colli- 
sion of  bodies.'  Tl^is,  in  particular,  is  the  founilatioQ  of 
Newton's  philosophy,  and  especiidly  of  his  three  laws  of 
motion,  Solid  matter  has  the  power  of  acting  on  other 
matter  by  impulse  ;  but  unsolid  matter  cannot  act  at  all  by 
impulse ;  and  this  is  the  only  way  in  which  it  is  capable  of 
acting,  by  any  action  that  is  properly  its  own.  If  it  be 
said,  that  one  particle  of  matter  can  act  upon  another 
without  contact  and  impulse,  or  that  matter  can,  by  its 
own  proper  agency,  attract  or  repel  other  matter  which  is 
at  a  distance  from  it,  then  a  maxim  hitherto  universally 
received  mtnt  be  false,  that  "  nothing  can  act  where  it  is 
not."    NewtoD,  in  his  letters  to  Bentley,  calk  tbe  notioo, 
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that  mattftpoasessesaninnatepowerofattraction,  or  that  Bernoulli  and  his  faniilj,  which  contiaued  till  his  dfaih, 
it  can  act  upon  Diatter  at  a  dittaDce,  and  attract  and  repel  At  bii  retura  to  Paris,  he  applied  hiiQKlf  to  his  favourite 
by  its  own  agency,  an  absurdity  into  which  he  thought  no  studies  with  greater  zeal  than  ever.  And  how  vellberul- 
(me  could  possibly  fall.  And  in  another  place  he  expressly  filled  the  duties  of  an  academician,  maybe  seen  by  running 
disclaims  the  notion  of  innate  gravity,  and  has  taken  pains  over  the  Memoirs  of  the  academy  from  the  year  1724  to 
to  show  that  be  did  not  take  it  to  be  an  essential  property  1744 ;  where  it  appears  that  he  wu  neither  idle,  nor  oc- 
ofbodies:  and  by  pursuing  the  same  kind  of  reasoning,  it  cupied  on  objects  of  small  importance.  The  most  sub- 
must  appear,  that  matter  has  not  the  powei  of  attracting  lime  questions  in  the  matherHatical  sciences,  received  from 
and  repelling;  that  this  power  is  the  power  of  some  foreign  his  hand  that  elegance,  cleamess,  and  precision,  so  re- 
cause,  acting  upon  tnatter  according  to  stated  laws ;  and  markable  in  all  his  writings. 

consequently  that  attraction  and  repulsion,  not  being  ac-  In  the  year  1736,  he  was  sent  to  the  polar  circle,  to 

tioDs,  much  less  inherent  qualities  of  matter,  as  such,  it  measure  a  degree  of  the  meridian,  in  order  to  asceriain 

ought  not  to  be  defined  by  them.    And  if  matter  has  no  -  the  figure  of  the  earth  ;  in  which  expedition  he  was  ac- 

other  priiperty,  u  Dr.  Priestley  asserts,  than  the  power  of  companied  by  Mess.  Clairaut,  Camus,  Monnier,  Outhier, 

attracting  and  repelling,  it  must  be  a  non-entity  ;  because  and  Celsus,  tbe  celeb^ted  professor  of  astronomy  at  Up- 

thii  is  a  property  that  cannot  belong  to  it.     Besides,  all  sal.     This  business  rendered  him  so  eminent,  thai  un  bii 

power  is  the  power  of  soroetbing  ;  and  yet  if  matter  is  no-  return  he  was'admitted  a  member  of  almost  every  acadcnij 

thing  but  this  power,  it  must  be  the  power  of  nothing  ;  and  in  Europe;  though  it  has  been  since  found  that  theiir  dr- 

the  very  idea  of  it  is  a  contradiction.     If  matter  be  not  ductions  have  been  considerably  erroneous. 

•olid  extension,  what  can  it  be  more  than  mere  extension  f  In  tbe  year  1740,  Maupertuis  had  an  invitation  from 

Further,  matter  th^t  is  not  solid,  is  the  same  with  pore ;  tbe  king  uf  Prussia  10  go  to  Berlin  ;  which  was  too  llutier 

and  therefore  ii  cannot  possess  what  philosophers  mean  by  ing  to  be  refused.     His  rank  among  p^en  of  letters  had  noi 

Ihe  momentum  or  force  of  bodies,  which  is  always  in  pro-  wholly  effaced  bis  love  for  his  liivt  pro fi'siiion,  that  ofanns 

portion  to  the  quantity  of  matter  in  bodies,  void  of  pore.  He  followed  the  king  to  the  field,  but  at  the  battle  of  Mol 

MAUNDY  Thursday,  is  the  Thursday  in  Passion  wiiz  was  deprived  of  the  pleasure  of  being  present,  whei 

week;  which  was  called  Maunday  or  Mandate  Thursday,  victory  declared  in  favour  of  his  royal  patron,  by  a  siiigulai 

from  the  command  which  Christ  gave  his  apostles  to  com-  kind  of  adventure.     His  horse,  during  the  heat  of  the  ac 

jnemorate  him  in  the  Lord's  Supper,  which  he  instituted  tion,  running  away  with  him,  be  fell  iolo  tbe  hands  of  th 

on  thn  day;  or  from  the  new  commandment  which  he  enemy;  and  was  at  fiist  but  roughly  treated  by  the  Aus 

gave  thenT  to  love  one  another,  after  he  had  washer^  their  trian  hussars,  to  whom  he  could  not  make  himself  knowi 

feet  as  a  token  nf  his  love  to  them.  for  want  of  language ;  but  being  carried  pritomr  to  Vi 

MAUPERTUIS  (Pbtbr  Louis  Mo RCBAf  di),  »  cele-  enna,  he  received  such  honours  from  the  emptror  as  neve 

brated  French  mathematician  and  philosopher,  was  born  at  wereeffaced  from  his  memory.    Maupertuis  lamented  ver 

St.  Msto  inlfips,  andwas  there  privately  educated  till  he  much  the  loss  of  a  watch  of  Mr.  Graham's,  the  celehnilc< 

attained  bis  l6th  year,  when  he  was  placed  under  the  ce-  English  artist,  which  they  had  taken  from  him  ;  but  th 

Jebrated  professor  of  philosophy,  M.  le  Blond,  in  the  col-  emperor,  who  happened  to  have  another  by  tbe  samcartisi 

lege  of  la  Marche,  at  Paris;  he  had  also  M.  Guisn^e,  of  enriched  with  diamonds,  presented  it  to  him,  saying,  "  th 

the  Academy  of  Sciences,  for  bis  instructor  in  mathematics-  hussars  meant  only  to  jest  with  you,  they  have  sent  ru 

For  this  scunce  he  soon  discovered  a  strong  mclination,  your  watch,  and  1  return  it  to  you." 

and  particularly  for  geometry.     He  also  practised  instru'  He  went  soon  after  to  Berlin  ;  but  as  the  reform  of  th 

mental  music  in  his  early  years  with  great  success  ;  but  academy  which  the  king  of  Prussia  then  meditated  was  nt 

fixed  on  no  profession  till  he  was  30,  when  he  eolered  into  yet  matured,  he  repaired  to'Paris,  where  liis  affairs  culle 

the  army ;  in  which  he  remained  about  5  years,  during  him,  and  he  was  there  chosen,  in  1743,  director  of  tb 

which  time  he  pursued  his  mathematical  studies  with  great  Academy  of  Sciences.     In  1743  he  was  received  into  th 

vigour;  and  it  was  soon  remarked  by  M.^reret  and  other  French  Academy  j  which  was  the  first  instance  of  the  <^am 

academicians,  that  itothing  but  mathematics  could  satisfy  person  being  a  member  of  both  tbe  academies  at  Paris  1 

his  active  soul  and  unbounded  thirst  for  knowledge.    *  tlie  same  time.     Maupertuis  again  assumed  tbe  soldier  > 

In  tbe  year  1793,  he  was  received  into  the  Royal  Aca-  the  siege  of  Fribourg,  and  was  pitcbcd  upon  by  Mai-shi 

demy  of  Sciences,  and  read  his  first  performance,  which  Coigny  and  the  count  d'Argenson  to  carry  the  news  to  tl 

was  a  memoir  on  the  construction  and  form  of  musical  French  king  of  the  surrenderofthat  citadel, 

instruments.     During  the  first  years  of  hi*  admission,  he  Maupertuis  returned  to  Berlin  in  the  year  17*4,  wh( 

did  not  wholly  confine  his  attention  to  mathematics  ;  he  a  marriage  was  negotiated  and  brought  about,  by  the  got. 

dippedintonaturalphilasophy.anddiscoveredgreat  know  offices  of  the    queen-mother,  -between  our  author   ar 

ledge  and  dexterity  in  observations  and  experiments  on  Mademoiselle  de  Borck,  a  lady  of  great  beauty  and  mcri 

aniraals.  and  nearly  related  to  M.  de  Borck,  at  that  lime  miuist 

If  the  custom  of  travelling  into  re.mote  countries,  like  of  stale.     This  determined  him  to  settle  at  Birlin,  as  I 

the  sages  of  antiquity,  in  order  to  be  initiated  into,  the  was  extremely  attached  to  bis  new  spouse,  and  ngiirdc 

learned  mysteries  of  those  times,  had  still  subsisted,  no  one  this  alliance  as  the  most  fortunate  circumstance  of  his  lit 

would  have  conformed  to  it  with  more  eagerness  thau  In  the  year  1746,  Maupertuis  was  declared,  by  the  kii 

Maupertuis.     His  fint  gratification  of  this  passion  was  to  of  Prussia,  president  of  tbe  Royal  Academy  ui  Sciences 

visit  the  country  which  had  given  birth  to  Newton ;  and  Berlin,  and  soon  after  by  tbe  same  prince  was  honoun 

duringhia  residencein  London  he  became  as  Ecalousauad-  with  ihe  Order  of  Merit,     iiowever,  all  ihese  accumulati 

mirerandfullowerof thatphilosopherasany  oneof hisown  honours  and  advantages,  so  far  from  lessening  bis  ardo 

countrymen.     His  neat  excanion  was  to  Basil  in  Switzer-  for  the  sciences,  seemed  to  furnish  new  allurements  to  1 

land,  where  he  formed  a  friendship  with  the  celebrated  John  hour  and  appUcatiou.    Not  a  day  passed  but  he  product 
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some  new  project  or  euay  Tor  the  adt BDcement  of  kDow<     der  ieluni«4,  accompanied  by  new  and  more  alarmiag 

ledge.    Nor  did  he  coQfinebiniHlf  to  mathematical  studies  symptoms.     He  languished    here  many  months,  daring 

only:  metaphysics,  cbemiitiy,  botany,  polite  literature,  which  he  was  attended  by  M.de  la  Condaminet  and  died 

all  shared  bis  attenlion,  and  contiibuted  to  hti  fame.    At  in  1 759,  M  6l  years  of  age, 

the  same  time  he  Bad,  it  seems,  a  strange  inquietude  of  Tbe  works  which  he  published  were  collected  into  4 
spirit,  and  dark  meUocboty  humour,  which  rendered  him  volumes  8vo,  published  at  Lyons  in .  I7i6i  where  also  a 
miserable  amid  honours  and  pleasures.  Such  a  tempera-  new  and  el^ant  edition  was  printed  in  1 768.  These  cod* 
meat  did  not  promise  a  pacific  life,  and  he  was  in  iact  en-  tain  the  f9llawiDg  works  :<~t.  Essay  0*  Cosmology.— 3. 
gaged  iu  several  quarrels.  One  of  these  was  with  Koenig,  Discourse  on  the  different  Figures  of  the  Stars. — 3.  Essay 
the  professor  of  philosophy  at  Fraueker,  aud  another  more  on  Moral  Philosophy.— 4.  Philosophical  Reflections  on 
terrible  with  Voltaire.  Maupertuis  had  inserted  in  tbe  the  Origin  of  Languages,  aud  the  Siginiication  of  Words.— 
Yoltime  of  Memoirs  of  the  Academy  of  Berlin  for  1746,  a  S.  Animal  Physics,  concerning  Generation  &c.— ^.  Sys- 
discouTse  on  the  laws  of  motion  ;  which  Koenig  was  not  tem  of  Nature,  or  the  Formation  of  Bodies.^7.  Letter* 
content  withattacking,  but  attributed  to  Leibnils.  Mau-  on  various  Subjects. — 8.  On  the  Progress  of  the  Sciences. - 
pettnis,  stung  with  the  imputation  of  plagiarism,  engaged  — 9.  Elementsof  Geography. — 10.  Account  of  the  Expe- 
the  academy  of  Berlin  to  call  upon  bim  for  hb  proof,  dition  to  the  Potac  Circle,  for  determining  the  Figure 
which  Koenig  failing  to  produce,  hisnamewas  struck  out  of  the  Earth  ;  or  the  Measure  of  the  Earth  at  tbe  Polar 
of  tbe  academy,  of  which  he  was  a  member.  Several  Circle. — 11.  Account  of  a  Journey  into  the  Heart  of  Lap- 
pamphlets  were  the  consequence  of  this  measure;  and  land,  to  search  for  an  Ancient  Moaument. — 13.  On  the 
Voltaire,  for  some  reason  or  oUier,  engaged  iu  the  quarrel  Comet  of  1743. — 13.  Various  Academical  Discourses  pn» 
against  Maupertuis,  We  say,  for  some  reason  or  other ;  bounced  in  the  French  and  Pnisian  Academies.— 14. 
because  Maupertuis  and  Voltaire  were  apparently  on  tbe  Dissertation  on  languages. — 15,  Agreement  of  the  Dif- 
most  amicable  terms  ;  and  the  latter  respected  the  former  ferent  Lews  of  Nature,  which  have  hitherto  appeared  in- 
as  his  master  in  the  mathematics,  Voltaire  on  this  occa-  compatible. — Iff.  On  tbe  laws  of  Motion. — 17- On  the 
sion,  however,  exerted  all  bis  wit  and  satire  against  him;  Iaws  of  Rest — 18.  Nautical  Astronomy. — ip.  On  the 
aad  on  tbe  whole  was  so  much  transported  beyond  what  Parallax  of  the  Moon. — 30.  Operations  for  determining 
was  thought  right,  that  he  found  it  expedient  in  1753  to  -  the  Figure  of  the  Earth,  and  the  Variations  of  Gravity, 
quit  the  court  of  Prussia.  —21.  Measuro  of  a  Degree  of  the  Meridian  at  the  Polar 

Our  philosopher's  constitution  had  long  been  considera-  Circle, 
bly  impaired  by  the  greatfatigues  of  various  kinds  in  which         Besides  these  works,  Maupertuis  was  author  of  a  great 

his  active  mind  had  involved  him ;  though  to  the  amaiiog  number  of  interesting  papers,  particnlarly  those  printed 

hardships  he  had  undergone,  in  his  northern  expedition,  in  the  Memtdrs  of  the  Paris  uid  Berlin  Academies,  far  too 

most  of  hi*  bodily  sufferings  may  be  traced.     The  intense  numerous  here  to  mention  ;  viz,  in  the  Memoirs  of  the 

sharpness  of  the  air  could  only  be  supported  by  means  of  Academy  at  Paris,  from  the  year  1734,  to  1749;  and  in 

strong  liquors,  which  helped  but  to  lacerate  his  lungs,  and  those  of  the  Academy  of  Berlin^  from  the  yearl746,'t9 

bdi^  on  aspitting  of  blood,  wbifb  beganatleast  13  years  17S6. 

before  his  death.     Yet  still  his  mind  seemed  to  enjoy  the         MAUAOLICO  (Fsa  mcis),  was  bom  at  Messina  in 

greatest  vigour;  forthe,best  of  his  writings  were  produced,  1494,  and  became  abbot  of  St.  MttHa  del  Porto  in  Sicily, 

and  most  sublime  ideas  developed,  during  the  time  of  his  and  taught  mathematics  with   reputation  in  his  native 

confinement  by  sickness,  when  he  was  unable  to  occupy  country,  having  possessed  the  happy  art  of  rendering  tbe 

his  piesidenti^  chair  at  the  academy.     He  took  several  most  abstract  questions   plain,  by  his  clearness  of  ex-. 

journeys  to  St.  Malo,  during  the  last  years  of  his  life,  for  pression  ;  and  he  applied  particularly  to  tbe  summation 

tbe  recovery  of  liis  health  :  and  though  he  always  received  of  several  series,  such  as  those  of  the  natural  numben, 

benefit  by  breathing  hts  native  air,  yet  still,  on  bis  return  triangular  numbers,  &c.     He  died  in  1575. — His  works 

to  Berlin,  his  disorder  likewise  returned  with  greater  vio-  chiefly  are,  1.  An  edition  of  the  Spherics  of  Tbcodosius. — 

lence.     His  last  journey  into  France  was  undertaken  in  the  2.  Emendatio  et  Restitutio  Conicorum  Apollonii  Pergmi. — 

year  1757 ;  when  he  was  obliged,  soon  after  bis  arrival  3.  Archimedis  Monumenta   omnia. — 1'.  Euclidis  Phent^ 

there,  to  quit  hisfavouriteretreatat  St.Malo.onaceaunt  meno,  &c.    ^nd  he  introduced  the  use  of  the  secants 

of  thedanger  and  confusion  which  that  town  was  thrown  into  trigonometry, 

into  by  the  arrival  of  the  Ekiglish  in  its  neij^hbourbood.  MAXIMUM,  denotes  the  greatest  state  or  quantity  at- 
From  thence  be  went  to  Bourdcaux,  hoping  there  to  meet  .tainable  in  any  given  case,  or  the  greatest  value  of  a  va- 
witha  neutral  ship  to  carry  him  to  Hamburgh,  in  his  way  riab I e  quantity,  By  which  it  stands  opposed  to  Mininsura, 
back  to  Berlin;  but  being  disappointed  in  that  hope,  tie  which  is  the  least  passible  quantity  in  any  case.  As  in 
-went  to  Toulouse,  where  he  remained  seven  months.  He  the  algebraical  expression  a  —bi,  where  a  and  (  are  con- 
had  then  thoughts  of  going  to  Italy,  in  hopes  a  milder  stant  or  invariable  quantities,  and  x  a  variable  otte.  Now 
climate  would  ^store  him  to  health;  but  finding  himself  ft  is  evident  that  the  value  of  this  remainder  or  difference, 
grow  worse,heratherinclincd  towards  Germany,  and  went  a^—br,  will  increase  as  the  terra  (7,  orx,  decreases;  and 
to  Neufcbatel,  where  for  three  months  he  enjoyed  the  therefore  that  remainder  will  be  the  greatest  when  x  is  the 
conveisationoflordMarischal.withwhombehadformerty  smallest;  that  is,  a'— tx  is  a  maximum,  when  x  is  the 
been  much  connected.  At  length  he  arrived  at  Basil,  least,  or  nothing  at  all.  Again,  the  expression  or  differ- 
October  16,  1758,  where.he  was  received  by  his  friend  ^^^^  ^,  _  b  evidently  increases  as  the  fraction  ^  dimi- 
BemouUi  and  his  family  with  the  utmost  tenderness  and  x  ■'  z 
affection.  He  at  first  found  himself  much  better  here  nishes;  and  this  diminishes  at  x  increases;  therefore  the 
than  be  had  been  at  Neufcbatel :  but  this  amendment  was  given  expressibn  will  be  the  greatest  or  a  maximum,  when 
of  short  duration;  for  as  the  winter  approached,  his  disor-  'tis  the  greatest,  .or  infinite. 
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AUo,  if  sloi^  tbe  diuwtcr  kx  (tie  Sdjig.  Mow)  of  a  Conic  Sectioni. — Pappin,  in  man;  parti  of  his  Matho 
circle,  a  perpendicular  ordinate  LM  becoDceived  tomoTe,  maticalColleetioiu;  u  in  lib.  3,  prop.  28  &c,  lib.  6, prop, 
from  C  towards  b;  itis  evident  that,  fconi  X  it  increases  31  &c,  where  he  treats  of  some  curious  cases  of  variable 
continually  Ull  it  arrive  at  the  centre,  in  the  position  ko,  geometrical  quantities,  showing  how  some  increase  and 
where  it  is  at  the  greatest  state  ;  and  from  thence  i^  con-  decrease  both  ways  to  infinity ;  while  others  proceed  only 
tinually  decreases  again,  u  it  moves  along  from  n  to  i,  one  way,  by  increase  or  decrease,  to  infinity,  aod  the 
and  quite  vanishes  at  the  point  8.  So  that  the  maximnm  other  way  to  a  certain  magnitude;  and  others  again  both 
state  of  the  ordinate  is  mo,  equal  to  the  radius  of  the  ways  to  a  certain  magnitude,  giving  a  maximum  and  mi- 
circle,  nimum;  also  lib.  7,  prop.  13,  14,  l6i,  l66,  &c.  And 
MetltodMi  de  Maximis  el  Mikikis,  a  method  of  find-  all  these  are  the  geometrical  maxima  and  minima  of  the 
ing  the  gieaiest  or  least  state  or  value  of  a  variable  quantity,      ancients;  to  which  may  be  added  some  others  of  the  same 

kind,  vis  Viviani  De  Maximis  et  Minimis  Geometrica 
Divinatio  in  quintum  Conicorum  Apollonii  Pergsi,  in 
fol.  atFlor.  l659i  also  an  ingenious  little  tract  in  Simp- 
son's Geometry,  on  the  maxima  and  minima  of  Geoniu- 
trical  Quantities.  See  also  vol.  3  of  my  Course  of  .Mathe- 
matics. 

But  the  subject  of  maxima  and  minima  is  treated  in  a 
more  general  way  by  the  modem  analysis;  the  first  among 
which  perhaps  may  be  placed  that  of  Fermat.  This,  anil 
other  methods,  are  best  referred  to,  and  explained  by 
the  6rdinatcs  of  curves  :  fur  when  the  ordinate  of  a  curve 
increases  to  a  certain  magnitude,  where  it  ii  greaicst,  and 
afterwards  decreases  again,  it  is  evident  that  two  ordinates 
on  the  contrary  sides  of  the  greatest  ordinate  may  be  equal 
to  each  other ;  and  when  the  ordinates  decrease  to  a  cer- 
tain point,  where  they  are  at  the  lea^t,  ami  afierwanls 
increase  again ;  there  may  also  be  two  equal  ordinates, 
one  on  each  side  of  the  least  ordinate.  Hence  then  an 
equal  ordinate  corresponds  to  two  difierent  abscisses,  oi 
for  every  value  of  an  ordinate  there  are  two  values  ol 
abscisses.  Now  as  the  difference  between  the  two  abscissei 
is  conceived  to  become  less  and  less,  it  is  evident  that  thf 
two  equal  ordinates,  corresponding  to  them,  approach 
nearer  and  nearer  together  ;  and  when  the  differences  o) 
the  absciuesare  infinitely  small,  or  nothing,  then  thcequa 
ordinates  unite  in  one,  which  is  either  the  maximum  oi 
minimum.  Tlie  method  hence  derived  then,  is  this :  Fine 
two  values  of  an  ordinate,  expressed  in  terms  of  the  a b 
scisscs:  put  those  two  values  equal  to  each  other,  cancel 
ing  the  parts  that  are  common  to  both,  and  divi '' 


:  quantities  coittinually  increase,  and  therefore 
have  no  maximum  but  what  is  infinite;  as.  the  ordinates 
sc,  OE  of  the  parabola  aCb  :  Some  continually  decrease, 
and  have  therefore  their  least  or  minimum  slate  in  no- 
thing;  as  the  ordinates  vg,  hi,  to  the  asymptotes  of  the 
hyperbola.  Others  increasetu  acertain  magnitude,  which 
is  thdr  maximum,  and  then  decrease  again;  as  the  ordi- 
nates LM  &c  of  the  circle.  And  others  again  decrease  to 
acertain  magnitude  tt,  which  is  tlieir  minimum,  and 
then  increase  again ;  as  the  ordinates  of  the  curve  stt. 
While  others  admit  of  several  maxima  and  minima ;  as 
th«  ordinates  of  the  curve  abede,  where  at  b  and  d  they  arc  _ 

maxima,  and  at  a,c,  e,  minima.  And  thus  the  maxima  and      the  remaining  terms  by  the  difference  bctwetm  the  abscissei 

minimaof  all  other  variable  quantities  may  be  conceived ;      which  will  ba  a  commoa  factor  in  tbem :  next,  supposin 

expressing  those  quai|ticies  by  the  ordinates  of  some  curves,      the  abscisses  to  become  equal,  that  the  equal  ordinate 

The  first  ideas  <)f  maxima  and  minima  arc  found  in  the     may  concur  ia  the  maximum  or  minimum,  that  differcnc 

Elements  of  Euclid,  or  flow  immediately  from  them  :  thus,     will  vanish,  as  well  as  all  the  terms  uf  the  equation  thi 

it  appears,  by  the  5th  prop,  of  book  2,  that  the  greatest     in«lude  it;  and  therefore,  striking  those  terms  out  of  th 

rectangle  that  can  be  made  of  the  two  parts  of  a  given     equation,  the  remaining  terms  will  ^ve  the  value  of  th 

line,  any  bow  divided,  is  when  the  line  is  divided  equally     absciss  corresponding  to  the  maximum  or  minimum. 

in  the  middle;  prop,  7,  book  3,  shows  that  the  greatest  For  example,  Suppose  ii  were  required  to  find  th 

line  that  can  be  drawn  from  apven  pointwithin  a  circle,  .-         -  ^        .      ,- 

to  its  circumference,  is  that  which  passes  through  the 
.  centre ;  and  that  the  least  line  that  can  be  so  drawn,  is 

the  continuation  of  the  same  to  the  other  sideof  the  circle: 

prop.  8,ib.  shows  the  same  for  lines  drawn  from  a  point 

without  the  circle ;  and  thus  many  instances  of  a  similar 

nature  might  be  pointed  out  in  the   Elements.— Other 

writers  on  the  maxima  and  minima,  are,  Apollonius,  in 

the  whole  ith  hook  of  his  Conic  Sections;  and  in  the 

preface  or  dedication  of  th«t  book,   he  says  that  other 

had  then  also  treated  the  subject,  though  in  a  slighte 

manner. — Archimedes;  as  in  prop.  9  of  his  treatise  o 


greatest  ordinate  in  a  circle  kho-  Put  the  dial 
=  a,  the  absciss  xl  =:  x,  the  ordinate  l»  =;  y;  hence  tl 
other  part  of  the  diameter  is  Lz  =  a~x,  and  consequent! 
by  the  nature  of  the  circle  kl  x  lz  being  equal  lmS 
«  (a  —  i)  or  ox  —  i'  =  y*.  Again,  put  another  alisci 
KP  =:.x  -I-  dj  where  d  is  the  difference  ip,  the  ordina 
pq,  being  equal  to  LU  ory;  here  thenagain  KP  x  pz  : 
pg«,or(x  -i-d)  *  {a —  s  —  d)  =ax  —j^~2dx  ■+■  ad 

' :  put  now  these  two  values  of  y*  equal  to  eai 
other,  so  shall  ox— x'  =ax~x'—  2dx  t-ad  —  d';  cbdc 
the  common  terms  ax  and  x",  then  0  =  —  2dx  -t-  ad 
d'tor  9dx  -t-  d^  s:  ai;  divideallby  1^,90 shall  Sx -1 


Sphere  and  Cylinder,  when  he  demonstrates  that,  of  all  a  general  equation  derived  from  the  equality  of  the  l\ 
•pherical  segments  under  equal  superficies,  the  hemisphere  ordinate).  Now,  bringing  the  two  equal  ordinatrs  t 
is  the  grvMest,— Sorcuu5|  in  bis  3d  book,  or  that  on  the     gether,  or  making  the  two  abscisses  etyial,  their  difli 
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t^ct  4  vuUhtt,  tnd  tfae  last  conation  hecomes  barely        And  in  tbe  96 .  example,  where  ax'~j^,  is  to  be  a 
Zf  s  a,  or  X  =  |a,  =s  kr,  the  ntlue  of  the  abscissKN     maximum;  molt,  by  •         -     S  3 

wben  the  ordinate  no  is  a  maximum,  viz,   the  greatest    gives  -        -         -     .   •         •  Sox*  —  3i^  =t); 

oi^inate  bisects  the  diameter.  And  the  operation  and  hence  3a  —  Sr  =  0,  orSx  =  Sa,and  t  »|o,as  before, 
candusion  it  is  evident  will  be  the  same,  to  divide  a  given  The  next  general  method,  and  which  is  now  usually 
line  into  two  parts,  so  diat  their  rectangle  shall  be  the  practised,  is  that  of  Newton,  or  the  method  of  Fluxions, 
greatest  possible.  which  is  founded  on  a  principle  different  from  that  of  the 

Forasecoifd  example,  let  it  be     ] — —■,,.,..  ■,  ■— .        two  former  methods  of  Permat  and  Huddc.    These  are 

required  to  divide  the  given  line  a*  derived  from  the  idea  of  the  two  equal  ordinates  of  a 

into  two  such  parts,  that  tbe  one  part  dravn  into  the  curve  uniting  into  one,  at  the  place  of  the'  maximum  and 

square  of  theothermay  be  the  greatestpossible.     Putting  minimum;  but  Newton's   from  the  principle,   that  the 

the  given  line  as  =:  a,  and  one  part  ac  =  r;  then  the  Auxion  or  increment  of  an  ordinate  is  nothing,  at  the  point 

odierpartCB  will  be  a  —  x,  and  therefore  x'  x  (a  --  x)s:  of  the  masimum  or  minimum;  a  circumstance  which  im- 

Or*  —  f*  is  the  product  of  one  part  by  the  square  of  the  mediately  follows  from  the  nature  of  that  doctrine  :  for, 

other.     Agtun,  letonepart  be  ad  :=  x  ■*■  if,  then  the  other  since  a  quantity  ceases  to  increase  at  the  maximum,  and 

paitisa— T  — (f,and[x-»-'))*  X  (a  —  *  —  d)  =  ax*  —  jr*  tu  decrease  at  the  minimum,  at  those  points  it  neither  in- 

—  3dx*  -t-  (Sad  —  3  J)  .  x  -*■  a^  —  lif.     Then,  putting  creases  nor  decreases ;  and  since  the  tlunion  of  a  quantity 

theM  two  productt  equal  to  each  other,  cancelling  the  is  proportional  to  its  increase  or  decrease,  therefore  th^ 

common  terms  ax*  —  x\  and  dividing  the  remainder  by  d,  fluxion  is  nothing  at  the  maximum  or  minimum.    Hence 

there  results  -0  =  —  3x*  -*■  (Za  —  Sd)  .  x  -t-  ad  —  d';  this  rule:  Take  the  Suxion  of  the  algebraical  expression 

beuce,  canceling  all  tbe  terms  that  contain  d,  there  re-  denoting  the  maxironm  or  minimum,  and  put  it  equal  to 

maius  0  =  —  3t* -4- Sot,  or  3r  =  3ii,  and  r  =  4a ;  that  nothing;  and  that  equation  will  determine  the  value  of 

is,  the  given  line  most  be  divided  into  two  parts  in  the  ra-  the  unknown  letter  or  quantity  in  question. — So,  in  the 

tio  of  3  ti>3.     See  Fermat's  Opera  Varia,  pa.  63,  and  bis  first  of  the  two  foregoing  examples,  where  it  is  required  to 

Letters  to  Mersenne.  -  determine  x  when  oi  ~  x*  is  a  maximum  :  the  fluxloQ 

The  next  method  was  that  of  John  Hudde,  given  by  of  ihiii  is  ai  —  Sxi  =  0;    which  divided  by  x,  gives 

Schooten  among  the  addi^ons  to  Descaites's  Geometry,  a  —  Sx  =  0,  or  a  =  2x,  and  x  =ia.     Also,  in  the  3d 

near  the  end  of  the  Islnol.  of  his  edition.  This  methodis  also  example;  where  ox*  —  x*  is  to  be  a  maximum  :  the  fluxion 

drawn  from  the  property  of  an  equation  having  two  equal  is  3axx  —  3x'x  =  0;  hence  2a  —  3x  =  0,  or  2a  a  3c, 

roots.     He  there  demonstrates  that,  having  ranged  the  and  x  =  }a. 

terms  of  .an  equation,  that  has  two  roots  equal,  according         When  a  quantity  becomes  a  maximum  or  minimnu, 

to  the  order  of  the  exponents  of  the  unknown  quantity,  and  is  expressed  by  two  or  more  affirmative  and  negative 

taking  all  the  terms.over  to  one  side,  and  so  making  them  terras,  is  which  only  one  variable  letter  is  contained  ;  itii 

equal  to  nothing  on  the  other  side ;  if  then  the  terms  in  evident  that  the  fluxion  of  the  affirmative  terms  will  be 

that  order  be  multiplied  by  the  terms  of  any  arithmetical  equal  to  the  fluxion  of  the  negative  ones;  since  their  dif- 

progrestion,  the  resulting  equation  will  still  have  one  of  its  fcrence  is  equal  to  nothing. 

roots  equal  to  one  of  the  two  equal  roots  of  the  former         And  when,  in  the  expression  for  the  fluxion  of  a  maxi- 

equation.     Now  since,  by  what  has  l>een  said  of  the  fore-  mum  or  minimum,   there  are  two  or  more  fluxionary 

going  method,  when  the  ordinate  of  a  curve,  admitting  of  a  letters,  each  contained  in  both  affirmative  and  n^ative 

maximum  ormimmura,  uexpressed  in  termsoftheabsciisa>  terms;  the  sum  of  the  terms  containing  the  fluxion  ofeach 

that  abscissa,  or  the  value  of  x,  will  be  two-fold,  because  letter,  will  be  equal  to  nothing:  For,  in  order  that  any 

there  are  two  ordinate!  of  the  same  value;  that  is,  the  expression  be  a  maximum  or  minimum,  which  contains 

equation  has  at  least  two  unequal  roots  or  values  of  x:  hut  two  or  more  variable  quantities,  it  must  produce  a  roaxi- 

wben  the  ordinate  becomes  a  maximum  or  minimum,  the  mum  or  minimum,  if  but  one  of  those  quautities  be  sup- 

twoafasciises  unite  in  one,  and'lhe  two  roots,  or  values  of  posed  variable.  So  if  ax  —  ixj/  -t-  ^.denote  a  minimum; 

X,  are  equal ;  therefore,  from  the  abeve-said  property,  the  its  fluxion  is  ai  —  2yi  —  23y  -t-  iji;  hence  ai  —  Qyx  s=  0, 

termsof  tbisequationfor  themaximumorminimum  being  and  Aji  —  2^  =  0;  from  the  former  of  these;  =  ja,  and 

multiplied  by  the  terms  of  any  arithmetical  progression,  from  the  latter  x  :=  y>.     Or,  in  such  a  case,  take  lb* 

the  root  of  the  resulting  equation  will  be  one  of  the  said  fluxion  of  the  whole  expression,  supposing  only  one  quan* 

equalroots,orlhevalue  of  theabsqissx  when  theordinate  tity  variable;  then  take  the  fluxion  again,  supposing  a  n- 

is  a  maximum.  other  quantity  only  variable :  and  so  on,  for  all  the  scve- 

.  Though  the  terms  of  any  arithmetic  progression  maybe  ral  variable  quantities^  which  will  give  the  same  number  ' 

used  for  thb  purpose,  some  are  more  convenient  than  of  equations  for  determining  those  quantities.     So,  in  the 

others;  and  Mr.  Hudde  directs  to  make  use  of  that  pro-  above  exam  pie,  ax  —  Zxy  ■*■  fr^,  the  fluxion  isA^—  tyx^zO, 

gression  which  is  formed  by  the  exponents  of  x,  viz,  to  supposing  only  x  variable;  which  gives  ji  =  ja  :  and  th« 

multiply  each  term  by  the  exponent  of  its  power,  and  fluxion  is  —  2rj  -t-  ft?  =  O.wheoj;  only  is  variable ;  which 

puttingalltheresullin^productsequal  to  nothing;  which,  gives  x  =  46;  the  same  as  before. 

it  is  evident,  is  exactly  the  same  process  as  taking  the        Farther,  when  any   quantity  is  a  maximum  or  mini 

fluxions  of  all  the  terras,  and  putting  them  equal  tunc-  mum,  all  the  powers  or  roots  of  ii  wHl  be  so  too;  as  will 

tiling;  being  tbe  common  process  cow  used  for  the  same  also  be  the  result,  when  it  is  increased  or  decreasecl,  or 

purpose.  multiplied,  or  divided  by  a  given  or  constant  quantity; 

Thus,  in  the  former  of  the  two  foregoing  examples,  and  the  logarithm  of  the  same  will  be  also  a  maximum 

where    ax  —  x*,  ory,  is  to  be  a  maximum;  or  minimum. 

mult,  by  1       2  To  find  whether  a  propoied  atg^aic  quaatitii  adaliia  1^  ^ 

^ret     ox  —  2<°=:0;heiice2J:3sa,aodxs'is«a*before.  moximwn  or  miniMUM.— £veiy  algebraic  eapfcttiou  (k>«k. 
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not  admit  of  a  roaxiraum  or  minimum,  properly  »o  called ;  bx*  -  x*  =  a  jnax.    And  this  being  thrown  into  fluxions, 

tor  .t  may  either  increase  flominually  to  infinity,  or  de-  wehave2ii*- 3i:'*=«  0,orx  =  Ji;  therefore  BH=iBH. 

crease  continually  to  nothing;  in  both  which  cases  there  when  the  cylinder  is  ihegreatesl  possible, 

is  neither  a  proper  maximum  nor  minimum  :  for  the  true  Prob.4i.  To  inscribe  the  greatest  posMble  parallelt^ram 

maximum  is  that  value  to  which  an  expression  increases,  in  a  given  parabola.                                     ^  ,         , 

ind  after  which  it  decreases  again  ;  and  the  mmimuro  JS  Let  abc,  Fig.  3,  represent  the  givan  parabola,  and  p»oi 

'"^ '  '  Fig.  S. 


Hidt  value  to  which  the  expression  decreases,  and  after  the  required   paml- 

that  it  increases  again.     Therefore  when  the  expre«ion  lelogram.    Also  put 

admits  of  a  maximum,  its  fluxion  is  positive  before  that  bh  =  a,  parameter 

point,  and  negative  after  it;  but  when  it  admits  of  a  mi-  =p,  and  be  =  x  ; 

nimum,  its  fluxion  is  negative  before,  and  positive  after  it.  then  by  ihe  property 

Hence,  take  the  fluxion  of  the  expression  immediately  of  ^  the     parabola, 

before  the  fluxion  is  equal  to  nothing,  and  a  little  after  it;  »£*  =  px 
if  the  first  flux'ion  be  positive,  and  the  last  negati' 
middle  state  is  a  maximum 
negative,  and  the  last  positi' 
""      ,   for   examph 


,  the     fore  OB 
;  'but  if  [he  first  fli 

le  middle  stale  is  a  mint- 
:  Maclaurin's   Fluxions, 


there- 


: ; 

\ 

./ 

\. 

r  illus- 


book  1,  chap.  9,  and  book  2,  chap.  5,  art 

We  shall  add  here  a  few  probleraa,  as 
tration  of  this  method, 

Prob,  1.  To  divide  a  given  number  a  into  two  parts, 
*,  and  V,  so  that  x^y"  may  be  a  maximum. 

Since  X  -t-  J  =  a,  and  iV  =  max.  the  fluxion  of 
each  =  0,  the  former  because  it  is  constant,  and  the 
latter  because  it  is  a  maximum;  therefore  »  -t- ^  =  O 
and  »gr''x"-'i  +  n^ V"V  =  "  •  ''^'^^  *  =  --'.  .»n»l 
i^  ^':£^=-'SL;   therefore  ->  =  -^,  or 

e :  y.     And  since  y  :=  —,  there- 


wty  =  nr,  that  is 
fore  «-•-—  — 


DF  =  2y/px  i  hence 

the  area  of  the  parallelogram  DFOt=  Si/pt  k  (a  —  i)  a 
mux.  or  ax*  —  i*  s;  &  max. ;  and  this  in  fluxions  gives 
i  ax~  *i  —  4  x^'i  =  0,  or  ~  =  3x^  or  a  =  3x,  conse- 
quently z  =  ^  a;  that  is  eh  =s  |  bh,  when  the  inscribed 
parallelogram  is  a  maximum. 

Prob.  5.  To  determine  die  dimensions  of  a  cylindric 
vessel  open  at  top,  that  shall  contain  a  giveu  quantity  o 
liquor,  under  Ihe  least  possible  superficies. 

Let  the  altitude  be  represented  by  x,  and  the  diamete) 
byy,  also  put  '78539  &c  =p, consequently  3'l*l6  =  4p 
aud  the  content  =  a;  theh  *pxy  will  be  the  cylindric  sur 
face,  and  py^  the  area  of  the  bottom.  Hence  these  twi 
equations  pj/'x  =  a,    and  4pxy  ■*■  p^  =  a  minimum 


,  and  consequently  s 


If  m  =  n,  the  two  parts  are  equal. 

Prob.  2.  To  inscribe  the  greatest  parallcli^ram  in  a 
given  triangle. 

Let  ABC,  Fig.  1,  be  the  given  triangle,  and  jiFGi  the 
required  parallelogram; 


draw  BH  perpendiculai 
to  AC  i  and  put  AC  =  a, 
BH  =  6i  BE  =  x;  then 
%ti  =  b  —  x;  end  by 
umilar  triangles  bia:: 

g  •.^■'=  nr;  hence  the 
area  arai   =  —    x 


Fig.  1. 


and 


fore,  taking  the   fluxion,  wc  ha 
x^  ^b;  and  hence  eh  ^  {bh. 

Prob.  S.Toinscribe  the  greatest  cylinder  in  a  given  cone. 

Let  ABC,  Fig.  5,  represent  the  given  cone, 
DFOi  the  cylinder  required.  Put 
J>=  "78539  &c;  then  the  same 
notation  remaining,  as  in  the  fore- 
going problem,  we  have  by  similar 
triangles,  6  :  a  :  :  x  :  -r  =:  df  ; 
therefore  the  area  of  the  end  of 
the  cylinder  =  — rp  ;  and  hence, 
by  thtf  question,  — rj-  x  (6  —  x) 
=  a  max.  or  x*  x   (ft  —  x)  =    ■*■■ 


and  from  the  first  x  =  •^i  wliicb  beine  substituted  for  t  ii 
the  second,  gives  —  -i-  j^  s  «  minimum;  and  this  i 

in  a  fluxions,  gives  ^■^-  ■*■  3pyy  =  0,  or  2py  =  —■.  bene 
V*  =  — ,  and  u  =  5/— the  diameter ;  also  since  x  = -2-. 

"'  ^-w  =  F  *  «•  =■  ^  =  If-  ""^"^f®™  . 

X  =  ^  — :  that  is,  the  diameter  is  double  the  allitud 
when  the  surface  is  a  minimum. 

Prob.  6.  Of  all  right-angled  triangles  having  the  san 
hypothenuse,  to  determine  the  dimensions  of  that  who 
area  is  a  maximum. 

Let  the  hypothenuse  be  represented  by  a,  and  the  Ic 
by  X  and  y.    Then  we  have  these  two  equations, 
x^  -t-  J*  ^  a*,  and  ^xy  ^  max. 

The  fluxion  of  each  of  these  is  equal  to  0,  the  first  fa 
constant,  and  the  second  because  it  isama.> 
mum;  we  have  therefore 
2xx  -(-  2^  =  0,  and  ^jy  -t-  iyx  =  O ;    from    the  & 


i  =  — ~  and  fram  the  second  i 


,  that 


=  — -;    therefore 
:,  the  area  is  a  maxim 


when  the  legs  are  equal. 

For  various  examples  of  this  kind,  see  Simpson's,  Ma 
laurin's,  Emerson's,  and  Vince's  Fluxions. 

Maxiuuh  Efeei qf  Machinet.     See  Mechanics. 

MAY,  Mmui,  the  fifth  month  in  the  year,  rcckoni 
from  our  first,  or  January;  but  the  third  .counting  t 
year  lo  begin  with  March,  as  the  Romans  did  ancientl 
It  was  calkd  Mains  by  Romulus,  in  TMpect  to  the  sen 
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ton  Mid  nobleiW  Ui  citf,  who  were  named  Majorct;  at 
the  following  month  ww  nlled  Juniui,  in  honour  of  the 
youth  of  Rome,  in  hooorem  juniorum,  who  served  him  io 
the  war.  Though  some  say  it  hai  been  thus  called  from 
Maio,  the  mother  of  Mercury,  to  whom  they  oftered  sa- 
crifice on  the  Gnt  day  of  this  month  :  and  Papist  derives 
the  name  from  Madius,  eo  quad  tunc  terra  madeat. — In 
this  llHMith  the  tun  enters  the*  tign  Gemini,  and  the  planti 
of  our  hemisphere  begin  mostly  tu  Hower. 

MAYER  ;ToBi«i],  one  of  the  greatest  axtronomers  and 
mechanists  of  the  18th  century,  was  born  at  Mupach,  in 
the  duchy  of  Wirtemberg,  1733.  He  laught  himself  ma- 
thematici,  ami  at  14  yean  of  age  designed  machines  and 
instruments  with  the  greatest  dexterity  and  exactness. 
Theae pursuits,  howeTer,didnot  binder  himfromculiivating 
the  belles  letires;  for  be  acquired  the  Latin  tongue,  and 
wroteit  with  el^ance.  In  1750,  the  university  of  Gut- 
tingeu  cbosB  him  for  iheir  iQathematical  professor ;  and 
every  year  of  his  short  life  was  thenceforward  marki-'d  with 
some  considerable  discoveries  in  getinietry  and  astrunoray. 
Hepublished  several  works  On  thesesubji^cts,  which  are  all 
accounted  excellent  of  their  iiind  ;  and  some  papers  are 
inserted  in  the  secnnd  vulume  of  the  Memoirs  of  the  Uni- 
versity of  Gotcingen.  He  was  very  accurate  and  inde- 
fatigable in  his  astronomical  observations;  indeed  his  la- 
hours  seem  to  huve  very  early  exhausted  him;  fur  he  died 
worn  out  in  176'2,  at  no  mure  tiian  39  yenrs  ot  age. 

His  Table  ol  Refractions',  deduced  frum  his  own  astro- 
nonical  observutions,  accurately  agrees  with  that  of 
Doctor  Bradley;  and  his  Theory  of  the  Moon,  and  Astro- 
nomlcnl  Tables  and  Precepts,  were  so  well  esteemed,  that 
they  were  rewarded  by  the  English  Board  of  Longitude, 
with  the  premium  of  3000  poiiodT',  which  sum  wat  paid 
to  hb  widow  after  his  death.  These  tables  and  precepts 
were  published  by  the  Board  of  Longitude  in  1770. 

MIvAN,  a  middle  state  between  two  extremes  :  as  a 
mean  motion,  mean  di^ilance,  arithmetical  mean,  geome- 
tric*! mean,  &g. 

jdrilkmelical  Mban,  is  half  the  sum  of  the  extremes. 
So,  4  is  an  arithmetical  mean  between  2  and  6,  or  between 
3  and  5,  or  between  1  and  7';*b1so  an  arithmetical  mean 

between  a  and  ft  is or  |a  -^  46. 

Geometrical  Mbah,  commonly  called  a  mean  propor- 
tional, is  the  square  root  of  the  product  of  the  two  ex- 
tremes; so  that,  lo  6nd  a  mean  proportional  between  two 
given  extremes,  multiply  these  together,  and  extract  the 
square  root  of  the  product.  Thus,  a  mean  proportional 
between  I  and  9,.is  v^(l  x  ff)  ^,/g=:  3;  a  mean  be- 
tween 2  and  4^is ^/(^■i  x  *i)=t/9  =3;  also  the  mean 
between  4  and  6  is  v''  (4  k  6}  =  ^  24 ;  and  the  mean  be- 
tween a  and  A  is  y'oA, 

The  geometrical  mean  is  always  less  tban-the  arithme- 
tical mean,  between  the  same  two  extremes.  So  the  arith- 
metical mean  between  3  and  4,  is  3^,  but  the  geometrical 
mean  is  only  3.  To  prove  this  generally ;  let  a  and  ft  be 
any  two  terms,  a  the  greater,  and  ft  the  less;  then,  uni- 
versally, the  arithmetical  mean  ia  -1-  ^  shall  be  greater 
than  the  eeometrical  mean  v''**.  or  a  +  ft  greater  than 
iy^fb.     For,  by    ,  .        , 

squaring  bothf  ihcy  are  a'  -1-  2ab  ■*■  ft'>4aft; 
subtr.  4aftfrom  each,  tWn  a'  —  2ift  ■*■  ft'>  0  , 
that  it        -         -         -     (o  —  ft)*  >0     . 

To  find  a  Mtiat  Prcportumal  Geometricalfy,bet\ttea\\T<y 
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given  lines  u  and  h.  Join  the  two  ' 
given  lines  tc^ther  at  C  in  one  con- 
tinued line  ab;  on  the  diameter  ab 
describe  a  semicircle,  and 
perpendicular  CD;  which  will  be  the 
mean  proportional  between  ac  an 
CB,  or  M  and  n.  This.'it  is  evident,  j 
always  lets  than  the  arithmetical  mean, 
AE  or  BB  or  ef;  except  when  the  two 
lines  are  equal ;  for  then^  the  two  means  are  equal  also. 

Tojind  two  Mean  ProporlionaU  between  twogVen  ex- 
tremes. Multiply 'each  extreme  by  the  square  of  the 
other,  via,  the  greater  extreme  by  the  square  of  ibc  less, 
and  the  less  extreme  by  the  square  of  the  greater;  then  ex- 
tract tlie  cube  root  out  of  each  product,  and  the  two 
roots  will  be  the  two  mean  proportionals  sought.  That  is, 
i/a^b  and^aft'  are  tlie  two  means  between  a  and  ft.  So, 
between  2  and  16,  the  two  mean  proportionals  are  4  and 
8  ;  for  il/{2^  x  16)  =^64  =  4,  and  i/l2  x  16")  = 
i/512  =  8. 

In  a  similar  manner  we  proceed  for  three  means,  or 
four  meant,  or  five  means,  &c.  From  all  which  it  appears 
that  the  scries  of  the  several  numbers  of  mean  propor- 
tionals, between  a  and  ft,  will  be  as  follows  :  via, 
one  mean,        iJab; 
two  means,     l/a^b,  J/ aft' ; 
three  mians,  i/a\  (/a'b',  </oft"; 
four  means,    l/n'b,  {/a'b\  ^a*b\  i/ab* ; 
five  means,    ^a'ft,  ^«'*'.  ^a^ft*,  i/<^b%  ^aft*; 
&c,  &c. 

Harmottical  Mean,  is  duuble  a  fourth  proportional  to 
the  sum  of  the  extremes,  aad^e  two  extremes  themselves 
o and  ft:  thus,  asa  +  ft:a::  2ft  :  ^^i. -s  „ the harmo- 
nical  mean  between  a  and  ft.  Or  it  is  the  reciprocal  of 
the  arithmetical  mean  between  the  reciprocals  of  the  given 
extremes ;  tbat  is,  take  the  reciprocals  of  the  extremes 
a  and  ft,  which  will  be  -  and  ;  then  take  the  arithmeticat 
mean  between  these  reciprocals,  or  half  their  sum,  which 
will  be—  -H  ::r  «>■  "jJ^J  latlly,  the  reciprocal  of  thU 


a  +  * 


:  m  the  harmohical  n 


:  for^arithmeticalsanit 


harmonicals  are  mutually  reciprocals  of  each  other; 
to  that  if  0,  m,  ft,  &c  be  aritbmcticals, 


then  shall  - 


,  iic  be  harmonicals; 


or  if  the  former  be  harmonicals,  the  latter  will  be  arith- 
meticalt. 

For  example,  to  find  a  barroonical  mean  between  2 
and  6 ;  here  a  =  2,  and  ft  s  6;  therefore 
So*  a  X  3  V  «         M       „  ,    ,  .     ,         ' 

j^rr  ~       s  +  6"  ~  T  ~  3  =!«itheharmonical  ro«aa 
sought  between  2  and  6. 

It  is  remarkable  that  the  three  means,  vis,  the  arithme- 
tical, the  geometrical,  and  the  harmonical,  between  any 
two  quantities,  a  and  ft,  are  in  continued geonctric  progres- 
sion ;  for  it  is  evident  that  ^-~-  ■  t/ab  : :  v'aft  :  -H^. 

Toptace  ike  taid  three  Mean*  in  h  Grele,— On  the  tun 
(ac)  of  the  two  means  (ab,  bc),  as  a  diameter,  describe 
a  circle ;  in  which  erect  bd  the  grven  mean,  and  apply 
BB  =  ^AC  the  arithm.  mean,  then  produce  eb  to  r,  so 
shall  >r  he  the  harmonical  mean.    For,  produce  db  to 
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Oi  llien  BG  =  BD ;  &1«>  jois  de  and 
7G.  making  the  trioDglei  bde,  sro 
■imilar:  for  the  opposite  angles  at  b 
aret;quftl,  also  the  angles  e  anil  o  mre 
equal,  stsading  on  the  tame  Arc  or ; 
lieBCC  BE  :  SD  :  :  BO  =  BO  :  be, 
,  ivhich   it  therefore  the  harmoirical 


Otherwise;  Having  dravrn  be  and  bb,  the  arithm;  and 
geoin.  means;  take  Bo'_=:  bu,  and  draw  oV  panllel  lo 


:  BF  the  harm,  mean  alto.   For,  by  sira. 
'      —be'. 


bd;  then  i 
triangles,  i 

In  the  3d  book  of  Pappus's  Mathematical  Collectiont, 
npfaave  a  very  good  tract  on  all  the  three  kinds  of  mean 
proportionali,  beginning  at  the  5th  proposition.  He  ob- 
•erves,  that  the  ancients  could  not  T««otve,  in  a  geome> 
trical  way,  the  problem  of  finding  iwo  mean  propor- 
tionals; and  because  it  is  not  easy  to  describe  the  conic 
MQtions  in  piano,  for  that  purpose,  they  contrived  easy 
and  convenient  instruments,  by  which  they  obtained  good 
mechanical  constructions  of  that  problem;  as  appean  by 
tlieii'  writings;  hs  in  the  Mesolabe  of  Eratosthenes,  of 
Philo,  with  the  Mechanics  and  Catapultics  of  Hero.  For 
these,  rightly  deeming  the  problem  a  solid  one,  effected 
the  construction  only  by  instruments,  and  Apollonius 
Fergaeus  by  mean*  of  the  conic  sections ;  which  othen 
again  performed  by  the  loci  lolidi  of  AriatRUs;  alsoNi- 
comedes  solved  it  by  tfae  conchoid,  by  means  of  which 
likewise  he  trisected  an  angle:  and  Pappus  himself  ga*e 
another  solution  of  the  name  problem. 

Pappus  adds  definitions  of  the  three  foregoing  diSinvnt 
kinds  of  means,  with  many  problems  and  properties  con- 
cerningthem;  and,  among  others,  this  curious  similarity  of 
them,  viz,  a,  m,  b,  being  three  continued  terms,  either 
uithmeticals,  geomciricals,  or  harmonicals ;  then  in  the 

Arithmeticals,  a:  a  '.  :  a  —  m  :  m  —  b; 

Geometricals,  a  :  m  :  :  a  —  m  :  m  —  b; 

Harmonicals,  a'.h.  ■.  :  a  —  wi:m  —  b. 
MEAn-aad-Extreme  iVoportion,  or  Extrtme-CMd'MeoM 
Proportion,  ii  when  a  line,  or  any  quantity,  is  so  divided, 
that  the  less  part  is  to  the  greater,  as  the  greater  is  to  the 
whole. — This  is  easily  performed  geometrically,  as  is  done 
in  Euclid. 

.  Bat  it  cannot  be  done  arithmetically  in  rational 
numbers :  for  if  a  denote  a  given  number,  to  be  divided 
in    extreme-aud-mean   ratio;    then   the  two   parts   are 


I,  which  cannot  be  given  in  rational' 
numbers,  on  account  of  the  radical  ^S. 

Mban  Amfmaly,  of  a  planet,  ji  an  angle,  which  is  al- 
ways proportional  to  the  time  of  the  planet's  motion  from 
the  aphelion  or  perihelion,  or  proportional  to  the  area  de- 
■cfibed  by  the  radius  vector ;  that  is,  as  the  whole  periodic 
time  in  one  revolution  of  the  planet,  is  to  the  time  pastfthe 
aphelion  or  perihelion,  so  is  36o°  to  the  mean  anomaly. 
Sec  Axohalt. 

Heam  ^iu,  in  Optics.     See  Avii. 

Meav  (^in;uiic(uinor  C^ifMnfson,  is  when  tfaemean  place 
of  the  sun  is  in  conjunction,  or  opposition,  with  the  mean 
place  of  the  moon  in  the  ecliptic. 

Mear  Diameter,  in  Gauging,  is  a  mean  between  the 
diameters  at  the  head  and  bung  of  a  cask. 

Mean  Dutanee,  of  a  planet  from  the  sun,  is  br  aritln 
iqetical  mean  between  the  planet's  greatest  and  least  di- 
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stances  J  and  this  is  equal  to  the  semitrannerae  axis  ofVia 
elliptic  orbit  in  which  it  moveSrOr  to  the  right  line  drawta 
from  the  sun  or  focus  to  the  extremity  of  the  conjagate 
axis  of  the  same. 

Meah  MotUm,  is  that  by  which  a  planet  is  auppased  lo 
move  equably  in  its  orbit ;  and  it  is  always  proportioaal  to 
the  lime. 

Mbah  TVme,  or  Equal  Time,  is  that  which  is  meaanred 
by  an  equable  motion,  as  a  clock ;  as  dutinguiibed  from  ap- 
parent lime,  arising  fron  the  unequal  motion  of  the  earth 
or  sun. 

MEASURE,  denotes  any  quantity,  anumed  as  unity,- 
or  one,  to  which  the  ratio  of  other  horot^neou*  ot  like 
quantities  may  be  expressed. 

Quantities  are  not  always  necessarily  measured  by 
quantities  of  the  same  kind.  See  vol.  3  ofmy  Course,  of 
Mathematics,  pa.  87,  the  note. 

MKAiv^t.  qf  OK  J»gk,  it  t,n  arc  (^  a  circle  described 
from  the  angular  point  as  a  centre,  and 
intercepted  between  the  legs  or  sides  of 
tfae  angle :  and  it  is  usual  to  estimate 
and  express  the  measure  of  the  angle  by 
the  number  of  degrees  and  parts  con- 
tained in  tliat  arc,  of  which  3M  make  up 
the  whole  circumference.  So,  the  inea- 
sure  of  the  angle  bac,  is  the  arc  bc  to 
the  radius  ab,  or  the  arc  k  to  the  radius 
*b. 

Hence,  a  right  angle  is  measured  by  a 
quadrant,  or  §0  degrees ;  and  any  an^e,  as  bac,  u  to  a 
right  angle,  as  the  arc  bc  is  to  a  quadrant,  or  as  the  decreet 
in  BC  are  to  90  degrees. 

Common  Measitke.     See  Comhob  Meaum. 

Measubb  ef  a  Pigurt,  or  Plane  Surface,  it  a  square 
inch,  or  square  foot,  or  square  yard,  Ac,  (hat  is,  a  square 
whose  tide  is  an  inch,  or  a  foot,  or  a  yard,  or  some  other 
determinate  length ;  and  this  square  is  called  the  m 


MEABtTBE  tif  a  Um,  is  any  right  tine  taken  at  plea- 
sure, and  cuuidered  at  nitity ;  at  an  inch,  or  a  foot,  or  a 

line  q/'MsAiDRES.     See  LtHE  q/'J/auHra. 

Meascse  of  a  Man,  or  Siiiaiaily  tif  Matter,  is  ilt 
weight. 

Meabitrk  qfa  Number,  is  any  number  that  divides  it, 
without  leaving  a  remainder.     So,  3  it  a  measure  of  4,  of 

8,  or  of  any  even  Humbert  Hud  3  is  a  measure  of  6,  or  of 

9,  or  of  12,  &c 

Meascbe  <i^a  Ratio,  it  its  logarithm,  in  any  system  of 
logarithms ;  or  it  is  the  exponent  of  the  power  to  which 
the  ratio  is  equal,  the  exponent  of  some  given  ratio  being 
assumed  ai  unity.  So,  if  the  logarithm  or  measure  of  the 
ratio  of  10  to  1,  be  assumed  equal  to  1  ;  then  the  measure 
of  the  ratio  of  100  to  J,  will  be  2,  because  100  is  as  10*, 
or  because  100  to  1  is  in  the  duplicate  ratio  of  10  to  I ; 
and  the  measure  of  the  ratio  of  1000  to  1,  will  be  3,  be- 
cause 1000ii£=lO^,  or  because  1000  to  1  is  triplicate  of 
the  ratio  of  10  to  1. 

Mbasitbe  of  a  Solid,  is  the  number  of  cubic  inches,  or 
cubic  feet,  or  cubic  yards,^c,  that  are  contained  in  it.. 

Mbasurb  qf  a  Supajkiet,  is  the  number  of  square 
inches,  or  square  feet,  or«quareyards,&c,  contained  in  it. 

Me  A8VBB  tfVeloisHy,  is  tKe  space  uaifoimly  passed  over 
by  a  moving  body  in  a  given  time. 


,  Google 


ME  A 


C    31    ] 


M  £  A 


VnieeTtml  or  Perpetual  MsasTtux,  is  a  kind  of  meuure 
Viwlterable  hy  time  or  place,  to  which  the  meaauTes  of  dif- 
ferCDtages  and  nations  migM  be  reduced,  and  by  which 
they  may  be  compared  and  estimated.  Such  a  measure 
would  be  very  useful,  if  it  could  be-  attained  ;  since,  being 
used  at  all  times,  and  in  all  places,  a  greal  deal  of  confu- 
sion and  error  would  be  avoided. 

Measures  of  length  appear  to  be  the  originals  for  all 
others,  both  for  surfaces  and  solids  or  capacities,  as  well 
as  for  weights.  The  long  measures  of  all  nations  seem, 
from  their  names,  to  have  been  originally  taken  from  some 
part  of  the  human  body  ;  as  the  foot,  the  hand,  the  cubit 
or  elbow,  tbe  span,  [he  fatbom,'&c.  But  as  these  measures 
must  differ  according  to  the  different  sizes  of  men, 
standards  of  some^  durable  substance  hare  been  adopted 
iuvll  civilised  countries;  which  are  found  however  to 
differ  universally  from  each  other,  to  (he  great  inconveui- 
ence  of  all  commerce.  In  order  to  remedy  this  inconveni- 
ence, different  methods  have  been  proposed  for  establish- 
ing a.  universal  and  perpetual  standard,  unalterable  by 
time  or  place,  to  which  the  measures  of  all  nations  laiglit 
be  reduced,  and  by  which  they  might  be  occasionally  ad- 
justed. But  as  all  material  substances  are  liable  to  decay 
and  alteration,  an  invariable  standard  can  be  obtained 
only  from  some  stable  principle  in  nature,  such  as  the 
action  of  gravitation,  the  motions  of  the  heavenly  bodies, 
or  tbe  magnitude  of  the  earth,  &c  ;  and  accordingly  se- 
veral of  such  methods  have  been  proposed,  of  which  the 
two  following  only  have  been  attended  with  any  degree  of 
success ;  viz,  1,  The  length  of  a  pendulum  that  vibrates  se- 
conds of  raean  tijne ;  Z.  The  length  of  a  certain  division  or 
arc  of  the  meriUiau. 

The  tirst  of  these  methods  is  liable  to  this  inconvenience, 
that  the  length  of  a  seconds  pendulum  varies  in  different 
latitudes,  increasing  from  the  equator  to  the  poles,  owing 
to  the  spheroidical  figure  of  the  earth.  The  second  me- 
thod is  liable  to  a  similar  inconvenience;  as,  from  tbe 
■ame  cause,  the  degrees  of  the  meridian  must  also  increase 
from  tbe  equator  to  the  poles.  Sir  I.  Newton  calculated 
that  tlt£  equatorial  diameter  of  the  earth  is  to  the  polar 
diameter,  as  230  to  329  i  and  therefore  that  oil  different 
parts  of  the  earth's  surface  the  weight  of  the  same  body 
is  different,  according  as  it  is  more  or  less  distant  from 
the  centre  of  the  earth ;  so  that  the  length  of  a  pendulum, 
vibrating  any  equal  portions  of  tirae,muat  increase  from  tbe 
equator  to  tbe  poles;  and  the  degrees  of  the  meridian  must 
also  increase  on  account  of  the  curvature  of  the  oblate 
spheroid. 

Several  measurements  have  been  made  in  different  lati- 
tudes, both  of  the  lengths  of  tbe  pendnlum  vibrating  se- 
conds, and  of  the  degrees  of  the  meridian  ;  and  they  have 
been  found  nearly  to  agree  with  the  above  theory.  Hence 
it  appears,  that  a  universal  standard  cannot  be  obtained 
from  any  of  these  methods,  unless  all  nations  were  to  agree 
that  the  trial  or  measurement  should  be  made  in  some 
particular  Latitude  ; — au  agreement  that  is  never  likely  to 
take  place.  Such  methods  however  may  be  usefully  ap- 
plied, to  preserve  the  standards  already  established  suffi- 
ciently correct  for  all  practical  purposes. 

Uuygens,  in  his  Horol.  Oscil.  proposes,  for  this  pur- 
pose,  the  length  of  a  pendulum  that  should  vibrate  se- 
conds, measured  from  the  point  of.suspension  to  the  point 
of  oscillation:  the  3d  part  of  such  a  pendulum  to  be 
called  horary  foot,  and  to  serve  as  a  standard  to  which  the 
jnensbrc  of  all  other  feet  might  be  referred.     But  this 
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measure,  in  order  to  its  being  ntuvosal,  supposes  that  tb* 
action  of  gravity  is  the  same  on  every  part  of  th«  earth's 
surface,  which  is  contrary  to  fact:  for  which  reason  it- 
would  really  serve  only  for  places  under  tbe  same  panJlel 
of  latitudes  so  that,  if  all  latitudes  were  to  have  its  foot 
equal  to  the  3d  part  of  the  pendulum  lilimiim  iii  i  iin  Is 
there,  every  different  latitude  would  still  have  a  diffiirent 
length  of  foot.  And  besides,  the  difficulty  of  measurii^ 
exactly  the  distance  between  the  centres  of  motion  and 
oscillation  are  such,  that  hardly  any  two  measures  would 
make  it  the  same  quantity. 

Since  that  time,  various  other  expedients  have  been  pro- 
pcMed  for  establishing  a  universal  measure.  In  1779)  a 
method  was  proposed  to  tbe  Society  of  Arts,  ice,  by  a 
Mr.  Hatton,  in  consequence  of  a  premium,  which  had 
been  4  years  advertised  by  that  institution,  of  a  gold  me- 
dal, or  100  guineas,  '  for  obtaining  invariable  standards 
for  weights  and  measures,  communicable  at  all  times  and 
to  all  nations.'  Mr.  Hatton's  plan  consisted  in  tbe  appU- 
cation  of  a  moveable  point  of  suspension  to  one  and  the 
same  pendnlum,  in  order  to  produce  the  full  and  absolute 
effect  of  two  pendulums,  the  difference. of  whose  length* 
was  the  intended  measure.  Mr.  Whiteburst  piuch  ini> 
proved  on  this  idea,  by  very  curious  and  accurate  ma- 
chiuery,  in  his  tract  published  1/87,  entitled  An  Atteitipt 
towards  obtaining  invariable  Measures  of  Length,  Capa- 
city, and  Weight,  from  the  Mensuration  of  Time,  &c. 
Mr.  Whilehurst's  plan  is,  to  obtain  a  measure  of  tbe  giea^ 
est  length  that  conveniency  will  permit,  from  two  pei- 
dulums  whose  vibrations  are  in  the  ratio  of  2  to  1,  and 
whose  lengths  coincide  with  the  £nglish  standard  in  whole 
numbers.  The  numbers  he  has  chosen  show  gn;iai  iog^ 
nuity.  On  a  supposition  that  the  length  of  a  seconds 
pendulum,  in  the  latitude  of  London,  is  39'2  inches,  tbe 
length  of  one  vibrating  42  times  in  a  minute,  must  be  60 
inches;  and  of  another  vibrating  84  times  in  a  minute,' 
must  be  20  inches;  their  difference,  60  inches  or  5  leett 
is  his  standard  measure.  By  his  experiments,  however, 
the  difference  in  the  lengths  of  tbe  two  pendulums  was 
found  to  b6  J9'892  inches,  instead  of  60,  owing  to  tbe 
error  in  the  assumed  length  of  the  seconds  pendulum,  39^ 
inches  being  greater  than  the  truth.  Mr.  Whiteburst  haa 
however  so  far  accomplished  bis  design,  as  to  show  how  an 
invariable  standard  may,  at  all  times,  be  found  for  the 
same  latitude.  He 'has  also  ascertained  a  fact,  as  accu- 
rately as  hnman  powers  seem  capable  of  ascertaining  it,  of 
great  consequence  in  natural  philosophy:  which  is,  that 
tbe  difference  between  the  lengths  of  the  rods  of  two  pen- 
dulums whose  vibrations  are  known,  is  a  datum  from 
which  may  be  derived  the  true  length  of  pendulums,  tfae 
spaces  through  which  heavy  bodies  fall  in  a  given  time, 
with  many  other  particulars  relative  to  the  doctrine  of 
gravitation,  tbe  figure  of  the  earth,  &c,  &c.  The  result 
deduced  from  this  experiment  is,  that  the  length  of  a  se- 
conds pendulum,  vibrating  in  a  circular  arc  of  3°  20.',  is 
39"  119  inches  very  nearly;  but  vibrating  in  the  arc  of  a 
cycloid  it  would  bcS9l36  inches;  and  hence,  heavy  bo- 
dlas  will  full,  in  the  first  second  of  their  descent,  i6'09* 
feet,  or  l6  feet  1.J  inch,  very  nearly. 

1  he  other  method,  of  deriving  a  standard  from  an  arc 
of  the  meridian,  has  been  lately  exocuted  in  France;  and 
it  is  said  to  possess  the  advantage  over  the  pendulum  m^ 
thod,  of  being  on  a  larger  scale;  as  any  error  in  this 
operation  must  be  dimininishcd  by  subdivision;  whereas, 
an  error  in  the  smell  standard  must  be  increased  bjf  roul- 
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reigbts  and  measures  ought  to  be  tiniTfTsally  ttie  samr 
throaghout  (he  nnlion,  and  indeed  alt  nations;  anil  they 
shoald  therefore  be  reduced  to.some  fixed  rule  orsiandard. 
Measures  are  various,  according  to  the  various  kinds  oi  di- 
mensions of  the  things  meeaured.  Hence  arise 
laneat  or  Longiiadijuil  Measures,  for  lim 
•Sfuore Measures,  for  areas  or  superficies:  i 
Solid  or  Cubic  Measures,  for  the  solid  c 


ir  lenjlhi: 


tipDcatian.  But  tb»  method  is  objected  to,  on  account  of 
the  iile^atrty  in  the  earth's  sutface;  for  it  has  been  found 
'diM  the  degrees  of  the  meridian  vary  in  different  lon^tudes, 
eYen'in  tke  same  latitude. 

The  matbematkians  who  adopted  this  plan,  objected  to 
■  Ae  peRdfllDRi  method,  as  depending  on  two  different  ele- 
ments, viz,  gtavitQtiirD  and  time.  Bat  gravitation  is  uni- 
form in  the  same  latitude ;  and  time  is  uQiversally  so,  as 
depending  on  the  regularity  of  the  earth's  diurnal  rotation  capacities  of  bodies, 
on  its  axis,  which  bus  never  been  found  to  vary,  notwith-  The  standards  of  English  weights  and  measurei,  like 
standing  the  tnequalit<^  in  its  periodical  revolution. — Thus  those  of  all  other  countries,  are  uncertain  in  (heir  otigin. 
It  appears  that  superior  accuracy  cannot  be  ascribed  to  That  of  long  measure  is  said  to  have  t)een  fixed  in  ihc 
th«  meridian  method;  and  as  the  chief  use  of  an  original  year  1101,  by  Henry  the  Ist,  wlio  ordained  (but  the  an- 
standard  from  nstore,  is  to  restore  lost  measures;  if  'two  cient  ulna  or  arm,  which  answers  to  (he  modern  yard  (tin- 
methods  are  equally  correct,  that  which  can  be  perforoaed     Saxon  gyrd  6r  girth),  should  be  adjastecl  to  the  length  ol 

.     .  ■        ■ ij^  ^^^^^  inches, 

poles,  fnrlong;, 
:;ights  appear  to 
t;  32  of  which 
iruin,  to  make  a 


Mith  the  greater  conrenience,  ought  to  l>c  preferred  ;  and  his  arm.     This  standard 

in  this  view  the  pendnlura  must  have  a  decided  pre-  and    harley-carhs ;  and   multiplied  into 

ference,'BS  sffotding  the  readier  means  of  recurring  (o  the  miles,  &c.     The  standards  of  English  ^s 

original.  have  been  originally  from  grains  of  whe. 

Be  that  however  as  it  may,  the  fundamenial  standard  were  directed,  by  the  Compositio  Mensur 

adopted  in  France,  for  the  new  system  of  weights  and  pennyweight,  and  20  pennyweights 


es,  is  a  ijaadrant  of  the  meridian.  This  quadrant 
is  divided  into  ten  million*  of  equal  parts;  and  one  of 
these  parts  or  divisions  is  called  «  Aletre,  which  is  adopted 
as  the  unit  of  length  ;  and  from  which,  by  decimal  mul- 
tiplication and  division,  all  other  measures  are  derived. 
The  length  of  the  quadrant  has  been  computed,  bv  mea- 
suring an  arc  of  the  meridian,  between  the  parallels  of 
Punkirk  and  Barcelona;  and  its  length  has  been  thus 
found  equal  to  5130740  French  toises.  This  quantity, 
divided  by  ten  millions,  gives  443-396  lines  =  36-9413 
French  inches  =  39*3702  English  inches,  for  the  length 
trf  the  metre. 

In  order  to  express  certain  decimal  proportions,  the  fol- 
lowing vocabulary  has  been  adopted.  The  word  Deca 
prefixed,  means  10  times  ;  Necto,  100  times ;  Kilo,  JOOO 
times;  and  Myria  10, (XK)  times.  On  the  other  hand,  the 
wordDeci  expresses  the  10th  part;  Ccnti,  the  lOOthpart; 
and  Milli.  the  1000th  part :  thus  a  decametre,  means  10 
metres;  a  decimetre,  the  lOth  part  of  a  metre;  a  hec- 
tometre, 100  metres;  a  centimetre,  the  100th  part  of  a 
metre ;  and  so  of  the  rest. 

■  The  metre  then  being  the  element  of  long  measures; 
the  Are,  which  is  a  square  decametre,  is  the  element  of 
superficial  measures;  the  Stcre,  which  is  a  cubic  metre,  is 
ihe  element  of  loltd  measures ;  the  Litre,  which  is  a  cubic 
decimetre,  is  the  clement  of  liquid  measures,  and  of  all 
other  measures  of  capacity;  and  lastty,lhc  Gramme,  which 
Is. the  weight  of  a  cubic  centimetre  of  distilled  water,  is  the 
element  for  all  weights. 

A  third  standard  has  been  proposed,  viz,  the  space  that     published;  and  as  no  alteration  in  them  has 
a  heavy  body  would  freely  fall   through  in  a  second  of    place,  the  substance  of  the  report  is  hero  gi' 
time,  which  in  the  latitude  of  London  has  been  found  lo 
be  nearly  ifi^J^ feet.     But  thia,  like  the  above  standards, 
must  vary  in  dilTerent  latitudes ;  and  the  operation  is  be- 
sides extremely  difficult  to  be  performed  with  accuracy. 


The 


mostly  adjusted  their  standards  by  the     difTercnces  however  are  very 


The  standards,  both  of  English  weights  and  measures, 
are  chiefly  kept  in  the  Exchequer  at  Westminster,  from 
which  copies  are  taken,  and  committed  to  the  care  of  ma- 
gistrates and  other  officers,  in  different  parts  of  the  king- 
dom, who  are  empowered  to  examine  the  weights  and 
measures  of  their    respective  disiricts,  and  to  condemn 
such    as    are    found    erroneous.     From    the    Exchequer, 
standards  are  obtained  for  public  otSces,  and  also  for  in- 
dividuals, with  inderitures  or  licences  for  sizing,  adjusting, 
and  vending  weights  and  measures-     The  principal  office 
of  this  kind  is  at  Guildhall,  London,  where  several  an- 
cient standards  are  kept, and  occasionally  compared  wiih 
those  of  the  Exchequer.     Here  the  avoirdupois  weights, 
which  are  cast  by  the  Founders' Company,  for  ihe  use  of 
the  city  and  for  other  purchasers,  are  sized  and  sealed; 
and  measures  of  capacity  are  likewise  adjusted.    Standards 
■are  also  kept  at  the  Tower,  particularly  for  troy  wei^t. 
By  these  regulations  a  uniformity  of  weights  and  mea- 
sures is  established  throughout  the  kingdom;   but  mea- 
sures of  capacity,  particularly  thpse  for  corn,  vary  consi- 
derably in  different  places. 

In  the  year  1758,  a  committee  of  the  House  of  Com- 
mons was  appointed,  to  inquire  into  the  standards  uf  Eng- 
lish weights  and  measures.  It  was  composed  chiefly  of 
men  of  science;  who  were  assisted  in  their  researches  by 
several  eminent  mathematicians  and  mechanists.  The 
report  of  (his  committee,  which  is  printed  in  the  minutes 
of  [he  house,  contains  the  most  full  and  authentic  state- 
of  the  English  weights  and  measures  perhaps  ever 

nee  taken 

with  some 
t  of  (he  proceedings  of  the  commi(tee. 

From  the  report  it  appears,  that  the  subdivisions  of  the 

original  standards,  at  the  Exchequer  and  at  Guildhall,  d< 

lerfecily  agree  in  their  various  combinations. 


e  durable  buildings.  In  Egypt,  the  base 
of  one  of  the  pyramids  was  used  ;  end  it  is  stated  by  Pauc* 
ton,  that  a  degree  of  the  meridian  was  also  measured  there 
at  a  very  early  period,  by  which  the  Greeks  and  Romans 
adjusted  their  standards. 

Measure,  in  a  legal,  commercial,  and^ppular  spij^e, 
'  1  quantity  or  p'roporiion  of  any  (hing. 


porlance,  as  the  principal 
of  weights  are  sufficiently 

With  respect  to  (he 
dilTorenccs  were  found  to  e^ 
n  the  ci 
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bought,  sold,  Talued,  or  fte-  tike.    The 


the  kingdoFQ,  notwithstanding  the  numerous  acts  uf  pa 
liament  which  had  been  passed  t6  enforce  uniformity, 
lation  of    all  these  acts,  the  Winchester  bushel  is  stated    to  bu~  t 
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only  le^l  one.  This  is  the  btubel  now  ased  &t  the  {tort  of 
Londou,  at  Mark-Jaue,  and  at  Guildhall;  and  yet  it  does 
not  exactly  agree,  eitliff  in  shape  or  contents,  with  the 
Itandaid  bushel  at  the  Exchequer. 

As  to  ihe  different  kinds  of  weights,  the  committee  re- 
commended that  the  troy  pound  should  be  made  the  unit 
or  standard,  by  which  the  avoirdupois  and  other  weighti 
should  he  r^ulated;  because  it  is  the  weight  best  knowii 
to  our  laws,  and  that  which  has  been  longest  in  use;  that 
by  which  our  coins  are  weighed,  and  which  is  best  known 
io  the  rest  of  the  world;  that  to  which  our  learned  coun- 
trymen have  referred,  in  comparing  ancient  and  modern 
weighty;  and  that  which  has  been  divided  into  the  smallest 
proportions  or  parts. 

Indeed  this  pound  (called  by  the  Romans  the  pondus 
or  weight,  and  lUso  the  libra  or  balance,)  is  the  most  ge- 
neral standard  or  unit  for  weights,  at  the  foot  is  for  mea- 
sures; and  it  is  remarkable  that  both  hate  been  divideil 
into  the  same  number  at  equal  parts,  aud  that  their  divi- 
sions were  ■  anciently  called  by  the  same  name,  uncia, 
which  signifies  the  12th  part  of  a  whole.  Hence,  the  ounce 
and  inch  have  one  common  derivation,  the  former  being 
called  uncia  librse,  and  the  latter  uncia  pedis. 

The  committee,  having  found  some  variations  in  the  di~ 
visions  and  multiples  of  the  standard  troy  pound  at  the 
Tower,  caused  it  to  be  divided  into  halves,  quarters, 
cighibs,  &c,  down  to  the  1000th  part  of  a  grain.  These 
divisions  were  made  with  ao  much  accuracy,  as  to  answer 
their  due  proportions  in  every  possible  combination;  and 
for  the  purpote  of  ascertaining  them  with  the  greatest  cor- 
rectness, a  very  curious  weighing  apparatus  was  con- 
structed by  Mr.  Bird,  which  is  still  carefully  preserved  in 
the  Mint.  It  is  adapted  to  five  different  beams,  which 
ascertain  the  weights  from  12  ounces  down  to  1  grain,  and 
with  so  much  exactness  as  to  discern  an  error  to  the 
SOOOth  part  of  a  grain.  By.  this  apparatus  it  has  been 
found  that  the  brass  standard  avoirdupois  pound,  kept  in 
the  Mint,  weighed  exactly  7000  grains;  and  it  was  fur- 
ther ascertuned  that  this  pound  perfectly  agreed  with  the 
bell  sUndard  pound  (of  15S8)  at  the  Exchequer,  and  also 
with  the  belt  standard  pound  at  Guildhall. 

The  Royal  Society  of  Lundon  have  paid  very  laudable 
attention  to  the  subject  of  weights  and  measures,  at  dif- 
ferent periods,  particularly  in  IJGB,  unSer  the  manage- 
ment of  Dr.  Moakelyne  the  astronomer-royal,  and  in  1798, 
under  that  of  Sir  Geoi^e  Shuckburgb ;  as  may  be  seen  in 
the  Fhilos.  Trans,  of  those  years.  And  the  same  has  been 
done  by  the  Society  of  Arts  in  London,  as  before  noticed. 
In  1802,  M.  Pictet,  professor  of  philosophy  at  Geneva, 
made  the  following  trials  of  the  different  English  standards 
of  lenglh,  by  a  scale,  constructed  with  great  accuracy  by 
Mr.Trougbton,  of  London  ;  and  by  means  of  a  comparer 
made  by  the  same  ingenious  artist,  capable  of  .showing 
differences  to  the  lO.OOOtb  part  of  an  inch.  The  follow- 
ing results  were  from  trials  made  on  several  standard 
yards,  in  the  temperature  of  02°  of  Fahrenheit's  thermo- 
meter. 

Parliamentatyttandardofl758,  byBird     36-00023 '"fb"- 
Royal  Society's  ditto,  also  made  by  Bird     SS-999S5 
Ditto,  by  Mr.  Graham         -         -         -     36-00130 
Exchequer  standard  ...     35*99380 

Tower  standard  ....     36-00400 

General  Roy's  da.  (for  the  trigon.  survey)     36*00036 

The  above  statement  was  presented  by  M.  Pictel  to  the 


National  Institute  of  France!  wben,  l>y  several  tri  alswith 
the  fame  apparatus,  the  new  French  metre  was  found  to  be 
39*371  English  inches,  which  in  1800  bad  been  found  by 
the  Royal  Society  of  London  to  be  39"3702,  from  a.  com- 
parison with  two  toises  sent  by  M.  Lalandeto  Dr.  Uaske- 
lyne.  See  the  article  Wxiobts,  also  Kelly^  Universal 
Cambist 

In  the  spring  of  the  year  1814,  the  English  parliament 
again  took  into  consideration  the  forming  general  stand- 
ards of  uniform  measures  and  weights,  which  might  be  ' 
conveniently  used  in  all  the  British  dominions.  iW  this 
purpose,  a  committee  of  their  members  was  appointed, 
who,  after  consulting  and  ezamiDtiig  some  learned  acion- 
tiSc  men,  delivered  in  thdr  report,  the  results  of  whiidi  are 
the  following: 

I.  The  committee  recommended  that  the  brass  stand- 
ard yard  ^ept  in  the  Court  of  Exchequer  should  be, 
adopted  and  considered  as  the  orig^nd  standard  measure; 
as  divided  into  3  feet,  and  each  foot  into  12  inches,  or  the 
yard  36  inches. — 2.  The  committee  then  assert  that  the 
simple  pendulum  vibrating  seconds  in  the  latitude  of  Lon- 
don, in  the  temperature  of  56|  degrees  of  Fahrenheit's  ' 
thermometer,  has  been  found  to  measure  39'13  such 
inches. — 3.  That  a  cubical  foot  of' pure  or  distilled  water 
weigbsjust  1000  ounces  avoirdupois;  and  that  therefore 
the  avoirdupois  weight  will  be  the  most  convenient  to 
adopt  for  the  general  weight  of  the  country,  the  pound 
being  divided  into  l6  ounces,  and  the  ounce  into  l6 
drachms.  That,  as  a  cubical  foot  of  water  weighs  1000 
ounces,  therefore,  by  proportion,  the  pound  or  l6  ounces 
of  water  will  contun  27'64S  cubic  ischeai  from  wbjch 
all  other  weightij  above  and  below  the  pound,  are  to  be  ' 
estimated  proportionally. — 4.  That,  as  the  standard  weights 
are  thus  deri^  from  the  lineal  measures,  so  the  measures 
of  capacity  are  recommended  to  be  derived  from  the  stand- 
ard weights,  in  this  manner;  viz,  that  the  gallon  measure 
shall  contain  10  pounds  weight  of  water;  consequently  A  at 
the  uble  of  measures  of  capacity  will  be  as  follows : 
The  gallon  of  10  lb.  =  276-48  cubic  inches. 
The  bushel  =  8  gallons  =  80  Jb.  =  2211*84  cub.  inch. 
The  quart  =  i  gallon  =  40-oi:.  =  6g-12  cub.  inch. 
The  pint  =  j-  gallon  =z  20  oi.  =  34*56  cub.  inch. 
The  half  pint  =  10  oz.  =      17-28  cub.in.or 

T^ofacub.fL 

For  the  committee's  report  at  large,  see  the  Philosophi- 
cal M^asine,  vol.  44,  pa.  171. 

The  several  measures  ut^inEngland^aieasin  the  fol- 
lowing tables : 

1 .  I^lith  Lm^  Mtamre. 
'  Barley  Corns 

S  =         1  Inch 
S6=       12=       ]    Foot 
•  10B=        36=        3    s        I    Yard 

594=      198=      16^^        5^=      1  Pole 
23760=    7920=    60o   =    220    =    40=lFurI(mK 
190082  =  83360  =  5280  ^  1760    =3203(8  s=  1  Mile 
Also,    4      Inches  =  I  Hand 

6      Feet,  or  2  yds  a  I  Fathom 
3      Miles  =  1  LeagDe 

60      Nautical  or  Geograob.  Miles  =  1  Degree 
or     69^  SUtute  Uiles  s  1  Deeree  nearly 

360      Degrees,  or  2i,86*  Miles  nearly  =  the  cir-    i 
,  cumference  of  the  meridian. 

F  2 
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3.  ChihMeawre. 
Incbea 
2{  =    1  Nail 
9    S3    4  =£  I  Quarter 
SS    s  16  =  4  =3  1  Yard 
27     =  12  =  S  =  1  Ell  Flemith 
45    =  20  =  5  s  1  Ell  Engliali 
J4    SB  24  s=  6  =  1  £11  French. 


t    3«    ] 


144  s 


3.  Square  Meature. 

1  Foot 

9    =        1    Yard 

30{  =:       1  Pole 


39204  :=       372^  = 
1508100=10890    £9  1210    =:    40  =  1  Rood 
63TZ04O  s:  43560     =  4S40     =  160  =:  4  =  I  Acre. 
4.  S^id,  or  Cutneal  Meaiure. 
Inches 

1728  =     1  Foot 
48656  =  27  =  1  Yard 

Pints  S.W«u:M«MTc. 

5  =;  1  Quart 

6  =  4  =      1  Gallon  =  231  Cubic  Inches 
936  =1  168  =    42  7  1    Tierce   . 

504  =    252  =    ^3  =  14  s:  1     Hogshead 
672  =    336  =    K4  3:  2    =  1  j-  =  1    Puncheon 
1008  =     504  =  126  a=  3     =2     =  IJ  =  1  Pipp 
2016  t=  lOOS  =  252  =  6    =4    =3    =2=1  Tan. 
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Alio,  231    Cubic  Iiiches  =  1  Gallvn 
10   Gallons  =  1  Ankei 

18    Gallons  =  1  Runlet 

314  Gallons  =  1  BaneL 

6.  Ale  and  Beer  Mtature, 
PinU 
2  =:      1  Quart   . 

8  =      4  =      1  Gallon  =  282  Cubic  Inches 
72  £=    36  =      9=1  Firkin 
144=    72=     18=    2  =  I  Kilderkin 
288  =  144  =    36  =    4  =  2=1  Barret 
432  =  216  =    54  =    0  =  S  =  1^  =  1  Hogshead 
576  =  288=    72=    8^=4  =  2    =4  =  lPuncheon 
864  ?=  432  =  108  =  12  =  6  =  3    =  2  =  1  j  =  IBuU 
Note,  The  Ale  gallon  contains  282  inches. 

7,  Dry  Mauurtr 
PinU 

8  =      1  Gallon  =  208f  Cubic  Inches 
16  =      2  =      1  Peck 
64  =      8  =      4=1  Bushel 
256  =    32  =     16  =    4  =    1  Coooi 
512  =    64  =    32  =    S  =    2  =    1  Quarter 
2560  =  320  =  160  =  40  =  10  =    5=1  Wey 
5120  =  640  ±  3:^0  =  SO  =  20  =  10  =  2  =;  I  Last, 
Also,  268f  Cubic  Inches       =  1  Gallon, 
and     36    Bushels  oF  Coals. =  1  Chaldron. 


8.  Proportion  <tf  'Ae  Long  Meatura  t^  teoeral  NaHont  to  the  Englith  Foot. 


ool 

Puu. 

IdcU. 

Amaterdpm 

-      ell 

■ni™»da, 

IncbM. 

English 

1000 

12-000 

2269 

27-228 

Paris            -             -           - 

oot 

1065| 

12-792 

Antwerp 

-       ell 

2273 

27-276 

Rynland,  or  Leyden 

boi 

1033 

12-396 

Rvoland,  or  Leyden 

-       ell 

2200 

27-120 

root 

942 

11-304 

F^kFort 

-       ell 

1826 

21-912 

Brill             -             -           - 

root 

1103 

13-236 

Hamburg 

•       ell 

19C15 

22-860 

Antwerp 

Foci 

946 

1 1-352 

Leipsic 

.       ell 

2260 

27-120 

Dort           .           -          - 

Foot 

1184 

14-208 

Lubeck 

-       ell 

19OS 

22-896 

Lorram 

foot 

958 

11 -^le 

No  rem  burg 

-       ell 

2227 

26-724 

Mechlin 

foot 

910 

1 1028 

Bavaria 

-       ell 

954 

11-448 

Middleburg 

Foot 

991 

11-892 

Vienna 

•         -      e)l 

1053 

12-636 

Strasburg 

but 

920 

11-040 

Bononia 

-       ell 

2147 

25-764 

Bremen 

foot 

964 

11-568 

Dantzic 

-      ell 

1903 

22-836 

Colopi 

Frankrort  ad  Mienani 

foot 

934 

II '448 

Florence 

Brace  or  ell 

1913 

22-956 

foot 

948 

1 1-376 

Spanish,  or  Castile 

-        -  palm 

751 

9-012 

KlTdo 

foot 

1001 

12-012 

Spanish 

3004 

36-040 

foot 

899 

10-788 

Lisbon 

-    vare 

2750 

33-000 

Roman 

foot 

967 

11-604 

Gibraltar 

2760 

33-120 

On  the  monument  of  \ 
Cestius  Statiliui       j 

foot 

972 

11-664 

Toledo 

-    vare 

2685 

32-220 

(■palm 

861 

10-332 

Booonia         -        - 

foot 

1204 

14-448 

Naples 

■}  grace 

2100 

25-200 

Foot 

1589 

18-838 

(.canna 

6880 

82-56(5, 

Venice 

foot 

1162 

13-944 

Genoa 

-palm 

830 

9-960 

Dantaic 

foot 

944 

11-328 

Milan    - 

-      calamus 

6^44 

78-528 

Copenhagen 

foo 

965- 

11-580 

Parma 

-  cubit 

1866 

22-392 

Prague 

Foo 

1026 

12-312 

China 

-  cubit 

1016 

12-192 

Riga           -         - 

foo 

1831 

21-972 

Cairo 

-  cubit 

1824 

21-888 

Turin 

foo 

1062 

12-744 

Old  Babylonian 

-  cubit 

1520 

1S-240 

The  Greek 

foo 

1007 

12-084 

Uld  Greek 

•        -  cubit 

ISIt 

18-132- 

Old  Roman 

foo 

970 

11-640 

Old  Roman 

-       -  cubjl 

1458 

17-490 

Lyons          • 

el 

3907 

47-604 

Turkish 

-         -    pike 

2200 

«6**0O 

Bologtu           -        -        - 

el 

2076 

24-912 

Persi'an 

arash 

3197 

38*364 

y  Google 
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MEASURING,  tht  Bane  as  Hensd&atioit. 
MECHAIN  (PiKftEB-FRAirf ois-Av dhb),  a  member 
of  the  National  Institute,  and  of  the  Board  of  Longitude, 
F.  R.  H.  Loud.  &c,  WRH  bora  at  Laon,  in  tbe  department 
of  AisDc,  April  l€,  1744,  and  died  in  the  province  of 
Valencia  >d  Spain,  of  an  epidemic  disorder,  «s  be  was  pro- 
secuting the  measurement  of  an  arc  of  the  meridian,  Sept. 
30,  lS06-~ Having  shown  at  an  early  a^  a  good  laitf  for 
mathematics,  Mecliain  was  sent  to  Paris,  wbere  he  was 
patronised  by  M.  Lalande,  wtu entered  iu  tbe  depAt  of  the 
raarioe,'' and  afterwards  made  two  voyages  with  M.  Bre- 
tonniere,  to  survey  the  coasts  of  France  from  Neuportto 
St.  Maloi-s.  The  first  memoirs  which  made  him  known  as 
an  astronomer,  were  on  the  occullation  of  Aldebaran, 
which  had  bran  observed  in  1^44,  on  tbe  great  eclipse  of 
the  sun  in  1778.  and  on  the  opposition  of  Jupiter  in  1779- 
After  this  period,  he  rapidly  advanced  to  celebrity,  became 
in  1782  a  member  of  the  French  Academy,  and  in  1785 
was  intrusted  with  the  direction  of  the  Connoissance  d^s 
Temps,  the  volumes  of  nhrch.from  178S  to  1794,  were 
greatly  enriched  by  his  memoirs — He  was  also  united  with 
MM.Cassiniand  Lcgendre  in  measuring  a  series  of  trian- 
gles, to  correspond  vritb  those  of  tbe  Lnglish  mathemati- 
cians, for  tbe  purpose  of  rectifying  the  relative  positions  of 
the  observatories  of  Greenwich  find  Paris  ;  of  which  Mc- 
chain  guve  details  in  the  Memoirs  of  the  Academy.  When 
the  Academy  also  was  consulted  by  -the  Constituent  As- 
•embly,  on  the  choice  of  a  new  system  of  measures,  and 
proposed  for  the  base  of  this  meaiiure,  a  quarter  of  tbe 
earth's  meridian,  the  lenetb  of  which  arc  was  to  be  ascer- 
tained with  the  greatest  possible  exactness,  M.  Mechain 
WBS  one  of  those  who  were  Bp]>[iinii(l  lu  this  important  un- 
dertaking. I  he  arc  pruposcil  to  be  mea-surcd  extended 
from  Dunkirk  to  Barcelona,  which  he  continued  to  labour 
upon  till  17981  when  he  returned  to  Paris.  But,  to  com- 
plete that  work,  be  wished  to  contiiiiii'  it  n»  fur  as  the 
Balearic  i'<lanils,  for  which  purpose  hr-  set  out  again  in 
1B03.  He  had  already,  with  vast  •difficulty,  revisited  all 
the  stations,  and  compli'tvd  the  obser>iitions  at  three  of 
them,  whfn  he  wa>i  cutoff  by  a  fever  which  prevails  every 
yetir  on  the  coast  of  Valencia,  by  reason  of  the  morasses 
produced  from  the  nverflowing  of  the  rivera- 
in bis  character,  M.  Mecbam  is  reppesented  as  remark- 
ably modest  nnd  silent,  seldom  speaking  at  the  meetings  of 
the  suciely.  Before  his  last  expedition  it  seems  he  in- 
trusted to  M.  Uelambre  all  bis  registers  and  manuscripts, 
extracts  (mm  which,  it  is  said;  will  contribute  more  to 
Mechatn's  praise  than  the  musteloquenc  oration. 

MECHANICS,  a  miked  mathematical  sclince,  that 
treats  of  forces,  motion,  and  moving  powers,  with  their 
effects  in  machines,  &c.  The  science  of  mechanics  is 
distinguished,  by  Sir  Isaac  Newton,  into  practical  and  ra- 
tioltal ;  the  former  treats  of  the  mechanical  powers,  and 
of  their  various  combinations  ;  the  tatter,  or  rational  me- 
chanics, comprehends  the  whole  theory  and  doctrine  of 
forces,  with  the  motions  and  effi'Cls  produced  by  tbeni, 

'Hiatpnrt  »f  meclianics  which  treats  of  the  weight,  gra.- 
vity,  and  equihbrium  of  bodies  and  powers,  is  called 
statics;  as  (fiMinguisbed  from  that  part  which  considers 
the  mechanical  itowers,  and  their  application,  which  is 
properly  called  inechaiiics. 

Some  of  the  principles  of  stutics  were  estahlitihed  by 
Archimedes,  in  his  Treatise  on  the  Centre  of  Gravity  of 
Plane  Figures:  besides  which, little  more  on  mechanics  is 
tt»  be  fbuud  in  the  writings  of  the  ancients,'  e.xeept  wbat  is 


J7    ]  M  E  C 

contained  in  the  8th  book  of  Pappus's  Klatbematical  Col- 
lections, concerning  the  five  mechanical  powers.  Galileo 
laid  tbe  bestfoundation  of  mechanics,  when  he  investigate^ 
the  descent  of  heavy  bodies  ;  and  since  his  time,  by  the 
assistance  of  the  new  methods  of  computation,  agreat  pro- 
gress has  been  made,  especially  by  Newton,  in  his  Princi- 
pia,  which  is  a  general  treatise  on  rational  and  physioU 
mechanics,  in  its  largest  extent.  Other  writers  on  this 
science,  or  some  branch  of  it,  are,  Guido  Ubaldus,  in  his 
Liber  Mecbanicorum  ;  Torricelli,  Libn  de  Motu  Gravium 
naturaliter  Descend  en  tium  et  Projecturum  ;  Balianus, 
Tractatus  de  Motu  naturali  Gravium  ;  Jdiiygens,  Horolo- 
gium  Oscillatoriam,  and  Tractatus  de  Mo[u  Corporum  ex 
Percussione;  Leibnitz,  Kesislentia  Solidorum,  in  Acta 
Fruditor.  an.  l684;  Guldinusy  De  Cemro  Gravitalis; 
Wallis,  Tractatus  de  Mecfaanica;  Varigiion,  Projetd'une 
Nouvelle  Mechanique,  and  his  papers  in  the  Memoir. 
Acad.  an.  1703;  Borelli,  Tractatus  De  Vi  Percussionis, 
De  Motionibus  Naturslibus  a  Gravitate  pendeniibus,  and 
De  Motu  Animalium  ;  De  Chales,  Treatise  on  Motion; 
Pardies,  Discourse  of  Local  Motion  ;  Parent,  Elements  of 
Mechanics  and  Physics  ;  Casatus,  Mechanics ;  Uughtred, 
Mechanical  Institutions;  Robault,  Tractatus  de  Mecba- 
nica;  Lamy,  Mechanique;  Keill,  IntroducEiuii  to  true 
Philosophy;  Lahirc,  McchaDique;  Mariutte,  Traits  du 
Choc  dcs  Corps;  Ditlun,  Laws  of  Motion;  Herman, 
Phoronomia;  Gravesande,  Physics;  Euler,  Tiuctatus  de 
Motu;  Musschenbroek,  Physio;  Bossui,  Mi'cbanique; 
De~Bgulieis,  Mechanics }  Rownlng,  Natural  Philosophy  ; 
Euiersiin,  Mechanics ;  Parkinson,  Mechanic?;  Lagrange, 
Mechanique  Analytique  ;  Nicholson,  Introduction  to  Na- 
tural PhiitMophy;  Enfield,  Institutes  of  Natural  Philoso- 
phy, &c,  &c-  As  to  the  Description  of  Machines,  see 
Slrada,  Zcisin^us,  Beison,  Augustinede  RamelliSrBoetler, 
Leopold,  Sturmy,  Perrault,  Limberg,  Eaiemon,  Royal 
Academy  of  Sciences,  Gregory's  MeehauiCB,  &c. 

Id  treating  i>f  machines,  we  should  consider  the  weight 
that  ii  to  be  raised,  the  power  by  which  it  is  to  be  raised, 
and  the  iiMriHnent  or  engine  by  which  this  effect  is  to  be 
pr'Kluced.  And,  in  treating  of  these,  there  are  twoptin- 
cipal  problems  that  present  themselves ;  Che  first  19^  to  de- 
termine the proportirin  which  the  power  and  weight  ought 
lu  have  to  each  other,  that  they  may  just  be  in  equilibrio  ; 
the  second  is,  to  determine  what  ought  to  be  the  proportion 
between  ihi^  power  and  weight,  that  a  mttchine  may  pro- 
duce the  greatest  effect  maj^iven  time.  All  writers  on  me- 
chanics treat  on  the  first  of  these  prablems  ;  but  few  have 
considered  tite  second,  though  not  less  useful  than  thcothcr. 

.As  to  the  first  problem,  this  genera]  rule  holds  in  all 
jwwers,  namely,  that  when  the  power  and  weight  are  reci- 
procally proportional  to  the  distances  of  the  directions  ia 
which  they  act,  from  the  centre  of  motion ;  or  when  the 
product  of  tbe  power  by  the  distance  of  its  direction,  ia 
equal  to  the  product  of  the  weight  by  the  distance  of  itfr 
direction  ;  this  is  the  case  in  which  the  power  and  weight 
sustain  each  other,  and  :ire  in  equilibrip;  so  that  the  one 
would  not  prevail  over  the  other,  if  the  engine  were  at' 
rest;  and  if  it  were  in.  motii>n,  it  would  citnuuue  to  pro- 
ceed uniformly,  if  it  were  not  for  the  riictiim  i,f  its  parts, 
and  other  resistances.  And,  in  j^eneral,  ihc  effect  of  any- 
power,  or  force,  is  as  the  product  of  that  force  multiplied 
by  the  distance  of  its  direction  from  the  centre  of  motion, 
or  the  product  of  the  power  and  its  velocity  wheiti"  mo-. 
tion,Eincc  this  velocity  is  proportional  to  the  disU'ice  from 
that  centre. 
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Maximum  efftett  t^  jaachina.—Tbi%  BeconJ  general  which  may  be  added  Ihe  following  general  obsen-Btionittn 

problem  in  mechanics,  is,  to  determine  the  proportion  be-  them  all,  in  a  conneclitie  way. 

tween  the  power  and  weight,  so  that  when  the  power  pre-  1-  A  l^ver,  the  most  siropic  of  all  the  nechanic  powers, 
vaib.and  themachiiicisinniotion,  thegreatesteffect  pos-  i«  an  engine  chiefly  used  to  raise  lai^ge  weigh u  to  small 
siblemay  be  produced  by  it  in  a  given  time.  It  is  manifest,  heights;  such  as  a  handspike,  when  of  wood  ;  and  a  crow, 
that  this  is  an  inquiry  of  the  greatest  importance,  though  nhenofiron.  In  theory,  a  lever  is  considered  as  an  in- 
few  have  treated  of  it.  When  the  power  a  only  >  little  flexibleline,  liLe  the  beam  of  li  balance,  and  su|)jccl  to  the 
greater  than  what  is  sufficient  to  sustain  the  weight,  tbe  same  proportions ;  only  that  the  power  applied  la  it,  is 
motion  usually  is  loo  slow ;  and  though  a  greater  weight  commonly  an  animal  power;  and  from  the  different  ways 
be  raised  in  this  case,  it  is  not  sufficient  to  compensate  for  of  using  it,  or  applying  it,  it  is  called  a  lever  of  the  first, 
the  loss  of  time.  On  tbe  other  hand,  when  the  power  it  second,  or  third  kmd :  viz,  of  the  J  si  kind,  wheii  the 
much  greater  than  what  is  sufficient  to  sustain  the  weight,  wei^l  is  on  one  side  of  the  prop,  and  the  power  on  the 
this  is  raised  in  less  time ;  but  it  may  happen  that  this  it  other ;  of  tbe  3d  kind,  when  the  weight  is  betweeo  the 
not  suflicient  to  compensate  for  the  lots  arising  from  the  prop  and  tbe  power ;  and  of  the  9d  kiod^  when  the  power 
imallnessoftheload.  .It  ought  therefore  to  be  determined  it  between  the  prop  and  the  weighL 
when  the  product  of  the  weight  multiplied  by  its  velocity,  -  Many  of  the  instruments  in  common  use,  ate  leven  of 
,  is  the  greatest  possible  ;  for  this  product  measures  the  ef-  one  of  tbe  three  kinds;  thus,  pincers,  sheers,  forceps, 
feet  of  the  engine  in  a  given  time,  which  is  always  the  snuffers,  and  such  like,  are  compou&ded  of  two  levart  of 
greater  in  proportion  both  as  the  weight  is  greater,  and  as  the  first  kind  ;  for  the  joint  about  which  they  move,  is  the 
Its  velocity  is  greater.  For  some  calculations  on  this  pro-  fulcrum,  or  centre  of  motion;  the  power  is  applied  to  the 
blem,  see  Maclaurin's  Account  of  Newton's  Discoveries,  bandies,  to  press  them  together ;  and  the  weight  it  tbe 
pa.  171,  &c;  also  his  Fluxions,  art.  908  &c;  Gregory's  body  which  they  pinch  or  cut.  The  cuuing-kuives  used 
Mechanics;  also  vol.  S  of  my  Course  of  Mathematics,  by  druggists,  patten-makers,  block-maken,  and  some  other 
chap.xi.  And,  for  the  various  properties  in  mechanics,  trades,  are  levers  of  the  2d  kind;  fur  the  knife  is  fixed  by 
see  the  several  terms  Monox,  Foaci,  Michanical  a  ring  atone  end,  which  makesthefulcnim.orfixed  point; 
Powers,  Levek,  &c.  while  the  other  end  is  moved  by  the  hand,  or  power ;  and 

MEICHANIC,  or  Mechanical,  something  relating  to  the  body  to  be  cut,  or  tbe  resistance  to  be  overcome,  is  the 

Aiecbanics,  or  regulated  by  the  nature  and  laws  of  motion,  weight.  Doors  are  levers  of  the  Sd  kind ;  the  hinges  being 

Mechahicai.  is  also  used  in  mathematics,  to  signify  a  the  centre  of  motion;  tbe  ban<i  applied  to  the  lock  is  thu 

construction  or  proof  of  some  problem,  not  done  in  an  ac-  power;  while  the  door  or  weight  lies  between  them.    A 

curate  and  geometrical  manner,  but  coarsely  and  unart-  P<ur  of  bellows  consists  of  two  levers  of  the  Sd  kind  ;  tha 

fully,   or  by  the  assistance  of  instruments;  as  ^e  most  centre  of  inotion  is  where  the  ends  of  the  hoards  are  fixed 

problems  relating  to  the  duplicature  of  the  cube,  and  the  near  tbe  pipe ;  the  power  is  at>plie()  at  the  handles ;  and 

quadrature  of  the  circle.  the  air  pressed  out  from  between   the  boards,   by  its  re- 

Mechanical  Jffeciwnt,  such  properties  in  matter,  as  sistance,  acts  against  the  middle  of  the  boards  like  a  weighL 

result  from  their  figure,  bulk,  and  motion.  The  oars  of  a  boat  are  levers  of  the  3d    kind  :   the  fixed 

Mechanical  Cotisei,  are  such  as  are  founded  on  Me-  point  is  the  blade  of  the  oar  in  the  water;  the  power  is 

cbanical  Affections.  the  hand  acting  at  the  other  end  ;  and  the  weight  to  be 

Mecuawical  Qtrve,  called  alio  Thnucendental,  is  one  moved  is  the  boat.     And  the  same  of  the  rudder  of  a 

whose  nature  cannot  be  expressed  by  a  finite  algebraical  vessel.     Spring  sheers  and  tongs  are  levers  of  the  3d  kind; 

equation.  where  the  centre  of  motion  is  at  the  bow-spring  at  one 

Mechanical  PhiUaofh/,  also  called  the  Corputcular  end;  the  weight  or  resistance  is  acted  on  by  the  other 

Flutoiophy,  is  that  which  explains  the  phenomena  of  na-  end ;  and  the  hand  or  power  is  applied  between  tbe  ends. 


ture,  and  the  operations  of  corporeal  thinga,  on  the  prim 
pies  of  mechanics ;  vis,  the  motion,  gravity,  figure,! 
rangement,  disposition,  greatness,  or  smallness  of  tbe  parts 
which  compose  natural  bodies. 

Mechakical  5oteioii,ofa  problem,  is  either  when  the 
Iking  is  done  by  repeated  trials,  or  when  the  lines  used  in 
the  solution  are  not  truly  geometrical,  or  by  organical 


A  ladder  raised  by  a  man  against  a  wall,  is  a  lever  of  tbe 
3d  kind  :  and  so  ore  also  almost  all  the  bones  and  muscles 
of  animals. 

In  all  levers,    the  effect  of  any  power  or  weight,  is  both 
proportional  to  that  power  or  weight,  and  also  to   its 
listance  from  the  centre  of  inotion.    And  hence  it  is  that, 
n  raising  great  weights  by  a  lever,  we  choose  the  longest 
levers ;   and  also  rest  it  upon  a  point  as  far  from  the  hand 
Mechanical  Favxra,  are  certain   simple   machines     or  power,  and  ss  near  to  the  weight,  as  possible.     Hence 
which  are  used  for  raising  greater  weights,  or  overcoming     alto  there  will  be  an  equilibrium  between  the  power  and 
greater  resistances  than  could  be  effected  by  the  natural     weight,  when  those  two  products  are  equal,  viz,  the  power 
strength  without  them.  multiplied  by  its  distance,  equal  to  tbe  weight  multiplied 

These  gimplc  machines  are  usually  accounted  six  in  by  its  distance-;  that  is,  when  tbe  weight  and  power  are 
number,  viz,  the  lever,  the  wheel-and-axle,  or  axis  in  to  each  other  reciprocally  as  their  distances  from  the  fut- 
peritrochio,  tbe  pulley,   the  inclined  plane,  the'wedge,     crum  or  fixed  parts. 

and  thescrcw.     Of  the  various  combinations  of  these         2.  The  AxU  in  Peritrochio,  or  Wheel  and  Axle,  it  &  am* 
simple  powers  do  all  engines,  or  compound  machines  con-     pie  engine  consisting  of  a  wheel  fixed  upon  the  end  of  ai 


'  sist:  and  in  treating  of  ihem,  so  ai  to  settle  their  theory 
and  properties,  they  are  considered  as  mathematically 
exact,  or  void  of  weight  and  thickness,  and  moving  with- 
out friction.  See  the  properties  and  demonstrations  of 
each  of  these  nbder  the  several  words  Lev£R,  &c-    To 


that  they  both  turn  round  together  in  the  same 
time.  This  engine  may  be  referred  to  the  lever;  for  the 
centre  of  the  axis,  or  wheel,  is  the  fixed  point;  tbe  radius 
of  the  wheel  is  the  distance  of  the  power,  acting  at  the 
circumfereDCB  of  the  wheel  from  that  point;  -vnd   tbe 
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ndioi  of  the  axle  is  tbc  distance  of  the  weight  from  the 
ume  poinL  Hence  the  effect  of  the  power,  independent 
of  its  own  natural  intensity,  is  as  the  radius  of  tbB.whecl ; 
and  the  el&ct  of  the  weight  is  as  the  radius  of  the  axle: 
so  that  the  two  will  be  in  equilibrio,  when  the  two  pro- 
ducts are  equal,  which  are  made  by  multiplying  each  of 
these,  the  wdght  and  power,  by  the  radius,  or  distance  at 
which  it  acts ;  and  then  also,  the  weight  and  power  are 
reciprocally  proportional  to  those  radii. 

In  practice,  the  thickness  of  the  rope,  that  winds  upon 
tke  axle,  and  to  which  the  weight  is  fastened,  is  to  be 
considered :  which  is  done,  by  adding  half  its  thickness  to 
the  radius  of  the  axis,  for  its  distance  from  the  fixed  point, 
when  there  is  only  one  fold  of  rope  upon  the  axle  ;  or  as 
many  times  the  thickness  as  there  are  folds,  wanting  only 
one  bnlf  when  there  are  several  l^lds  of  Ihe  rope,  one  over 
another:  which  is  the  reason  that  more  power  must  be 
applied  when  the  axis  is  thus  thickened  ;  as  often  happens 
in  drawing  water  from  a  deep  and  narrow  well,  over  which 
a  long  axle  cannot  be  placed. 

If  the  rope  to  which  the  power  is  affixed,  be  successively 
applied  to  different  wheels,  whose  diameters  are  lar^r  and 
lai^r;  the  axis  will  be  turned  with  still  more  and 
more  ease,  unless  the  intensity  of  the  power  he  diminished 
in  the  same  proportion  ;  and  if  so,  the  axis  will  always 
be  drawn  with  the  same  strength  by  a  power  continually 
diminishing : '  as  is  the  case  in  spring  clocks  and  watches  ; 
where  the  spiral  spring,  which  is  strongest  jn  its  action 
when  first  wound  up,  draws  the  fuzee,  or  continued  axis 
iit  peritnichio,  first  by  the  smaller  wheels,  and  as  it  un- 
bends and  becomes  weak,  acts  upon  the  larger  wheels,  in 
■nch  a  manner  that  the  machinery  is  always  carried  round 
with  the  same  force.  ' 

-  As  a  smalt  axis  would  be  too  weak  for  very  great 
weights,  and  a  large  wheel  would  be  not  only' expensive, 
but  also  inconvenient  in  its  application,  requiring  moic 
room  than  perhaps  could  be  spared  fnt  it;  iherefiire,  in 
order  that  the  action  of  the  power  may  be  increased,  with- 
out incurring  cither  of  thuse  inconveniences,  n  copipound 
uis  ID  peritrucbio  is  used,  which  is  ejected  by  combining 
wheels  and  axles  hy  means  of  pinions,  orsmatl  wheels,  upon 
the  axles,  the  teeth  of  which  take  hold  of  teeth  made  in 
the  large  wheels;  as  is  seen  in  clocks,  jacks,  and  other 
compound  machines.  And  in  such  a  combination  of 
wheels  and  axles,  the  effect  of  the  power  is  increased  in 
the  ratio  of  the  continual  product  of  all  the  axles,  or 
small  wheels,  to  that  of  all  the  large  ones.  Thus,  if  there 
be  two  small  wh'eels  and  an  axle,  turning  three  large 
wheels;  the  axle  bekic  2  inches  diameter,  and  each  of 
the  small  wheels  4'inche9,  while  the  large  ones  are  2  feet 
■  or  S4  inches  diameter ;  ^en  8  x  _4  x  4  =:  32  is  the  con- 
tinual product  of  the  small  diameters,  and  24  x  24  x  24 
=  19834  is  that  of  the  large  ones;  therefore  13824  to  32, 
or  4S2  to  I,  is  the  ratio  in  which  the  power  is  increased  : 
and  if  the  power  be  a  man,  whose  natural  strength  is 
equal,  suppose,  to  150  pouuds  weight,  then  432  x  150 
=  648001b,  or28tonl8cwt64lb,  is  the  weight  he  would 
be  able  to  balance,  suspended  about  the  axle. 

3.  A  Single  Pnllry,  is  a  small  wheel,  moveable  round 
an  axis,  called  its  centre  pin  ;  which  of  itself  is  notpro- 
jferly  one  of  the  mechanical  powers,  because  it  produces 
no  mechanical  advantage,  except  convenience ;  for  as  the 
weight  hangs  by  one  end  of  the  cord  that  passes  over  the 
pplley,  and  the  power  acts  at  the  other  end  of  the  same,  ' 
.thwc  act  al  equal  distances  from  the  centre  or  axis  of  mo- 


tion, and  conseqnently  the  power  is  equal  to  the  weight 
when  in  equilibrio.  So  that  the  chief  use  of  the  single 
pulley  is  to  change  the  direction  of  the  power  from  up- 
wards to  downwards,  &c,  and  to  convey  bodies  to  a  great 
height  or  distance,  without  a  person  moving  from  his  place. 
— But  by  combining  several  single  pulleys  together  acon- 
■iderable  gaiu  of  power  is  made,  and  that  in  proportion 
to  the  additional  number  of 'ropes  made  to  pass  over 
them  ;  while  it  possesses  at  the  same  time  the  properties 
l)f  a  single  pulley,  by  changing  the  direction  of  the  action 
in  any  manner. 

4.  The  Inclined  Plane,  is  made  by  planks,  bars,  or 
beams,  laid  aslope ;  by  which  large  and  heavy  bodies  may 
be  more  easily  raised  or  lowered,  by  sliding  them  up  or 
down  the  plane  ;  and  the  gain  in  power  is  in  proportion 
as  the  length  of  the  plane  to  its  height,  or  as  radius  to  the 
sine  of  the  angle  of  inclination  of  the  plane  with  the  ho 
rizon, — ludrawinga  weight  up  an  inclined  plane, the  powe' 
acts  to  the  greatest  advantage,  when  its  direction  is  parallel 
to  the  plane. 

5.  V>t  Ifei^f,  which  resembles  a  double  inclined  plane, 
is  very  useful  to  drive  in  below  very  heavy  weights,  to 
raise  them^ut  a  small  height,  also  in  cleaving  and  split- 
ting blocks  of  wood,  and  stone,  &c;  and  the  power  gain- 
ed, is  in  proportion  of  the  slant  side  to  half  the  thickness 
of  the  hack.  So  that,  if  the  back  of  a  wedge  be  2  inches 
thick,  and  the  side  20  inches  long,  any  weight  pressing 
on  the  back  will  balance  20  times  as  much  acting  on  the 
side.  But  the  great  advantage  of  a  wedge  lies  in  its  being 
urged,  not  hy  pressure,  btit  usually  by  percussion,  as  the 
blow  of  a  hammer  or  mallet;  by  which  means  a  wedge 
may  be  driven  in  below,  and  so  be  made  to  lift,  almost 
any  the  greatest  weight,  as  the  largest  ship,  by  a  roan 
strikina  the  back  of  a  wedge  with  a  mallet. — To  the  wedge 
may  be  referred  the  a^c  or  batchet,  the  teeth  of  saws,  the 
chisel,  the  auger,  the  spade  and  shove!,  linivcs  and  swords 
of  all  kinds,  as  also.the  bodkin  and  needle,  and  in  short 
all  sorts  of  instruments  which,  beginning  from  edges  ot 
points,  become  gradually  thicker  as  they  lengthen;  the 
manner  in  which  tlie  power  is  applied  to  such  instruments, 
being  different  according  to  their  different  shapes,  and  the 
various  uses  for  which  they  have  been  contrived, 

€.   T^e&i-ru',  is  a  kind  of  perpetual  or  endless  inclined 
plane;  the  power  of  which  is  still  farther  assisted  by  the 
addition  of  a  handle  or  lever,  where  the  power  acts;  so 
that  the  gain  in  power,  is  in  ihe  proportion  of  the  circum*    ~ 
ference  described  or  passed  through  by  the  power,    to  the 
distance  between  thread  and  thread  in  the  screw,— The    < 
uses  to  which  the  screw  is  applied,  arc  various  ;   as,  the 
pressing  of  bodies  close  together;  such  as  the  press  for      - 
napkins,  for  bookbinders,  for  packers,  hotpresscrs,  &c.— 
In  the  screw,  and  the  wedge,  the  power  has  to  overcome 
both  the  weight,  and  also  a  very  great  friction  in  those 
machines;  such  indeed  as  amounts  sometimes  to  as  much 
as  the  weight  to  be  raised,  or  more.  But  then  this  friction 
is  of  use  in  retaining  the  weight  and  machine  in  its  place, 
even  after  the  power  is  taken  off. 

If  machines  or  engines  could  be  made  without  friction,  - 
the  least  degree  of  power  added  to  that  which  balances 
the  weight,  would  he  sufiicient  to  raise  it.  in  ^he  lever, 
the  friction  is  little  or  nothing;  in  the  wheel-and-axlc,  it 
is  but  small  \  in  pulleys,  it  is  very  considerable ;  and  in 
the  inclined  plane,  wedge,  and  screw,  it  is  very  great. 

It  is  a  general  property  in  all  the  mechanical  powers, 
that  when  the  weight  and  power  are  regulated  so  as  tu 
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balance  t^Rch  other,  anJ  if  thej  be  then  put  in  motion, 
the  power  and  weight  wiU  be  to  each  other  recipracfilly 
as  the  Telocitiea  of  iboir  motion,  or  the  power  is  to  the 
weight  as  the  veliKity  of  ihe  weight  ia  to  the  velocity  of 
the  power;  so  that  their  two  momenta  are  equal,  viz,  the 
product  of  the  power  multiplied  by  its  voloeily,  equal  to 
the  product  -of  the  weight  mulliplied  by  its  velocity.  And 
hence  too,  universally,  what  is  gained  in  power,  is  ]a»i  in 
time ;  for  the  weight  moves  as  much  slower  as  the  power 
is  larger. 

Hence  also  it  is  plain,  that  the  force  of  the  power  is 
not  at  all  increased  by  engines;  only  the  velocity  of  the 
weight,  eiflier  in  lifting  or  drawing,  is  so  diminished  hy 
the  application  of  the  instrument,  as  that  the  momeniuni 
of  the  weight  is  not  greater  than  the  force  of  the  power.- 
Thusi  for  instance,  if  a  force  can  rai^c  a  pound  weight 
with  a  given  velocity,  it  is  ira[>ossibie  by  the  application 
of  that  force  to  any  engine  to  raise  '2  pounds  weight  with 
the  same  velocity;  but  it  may  b«;  made  to  raise  9  pounds 
weight  with  half  the  velocity,  or  even  1000  times  the 
weight  with  the  1000th  part  of  the  velocity. 

Sec  Maclaurin's  Account  of  Newton's  Philos.  Discov. 
book  3,  chap.  3;  Hamilton's  Philos.  Ess.  1 ;  Philos.  Trans. 
53,  pa.  Il6;  or  Landen's  Memoirs,  vol.  1,  pa.  1  [  or 
Gregory's  Mechanics,  vol.  1. 

MECHANISM,  either  the  construction  or  the  ma- 
chinery employed  in  any  thing;  at  the  mechanism  of  the 
barometer,  of  the  microscope,  Sic. 

MEDIETATES,  a  term  greatly  used  by  Pappus,  and 
some  other  authors,  forscts  of  proportionals,  both  arilfame- 
ticat,  geometrical,  and  harmonical.  See  Pappus,  lib.  3, 
prop.  1  to  prop.  27  ;  also  Viviani  de  Solid  is' Locis,  lib.  3, 
pa.  81  lo  ipO;  and  filondel  Resolution  des  4  princip. 
Problcmes  d'Architeclure,  pa.  37. 

MEDIUM,  the  same  as  Mean,  either  arithmetical,  geo- 
metrical, or  harmonical. 

MEDiirM  denotes  also  that  space,  or  r^ion,  or  fluid, 
&c,  through  which  a  body  passes  in  its  motion  towards 
any  point.  Thus,  the  air,  or  atmosphere,  is  the  medium 
in  which  birds  and  beasts  live  and  move,  and  in  which  a 
projectile  moves;  water  is  the  medium  in  which  fiihes 
move ;  and  ether  is  a  supposed  subtile  medium  in  which 
the  pliinets  move.  Glass  is  also  called  a  medium,  being 
that  through  which  the  rays  of  light  move  and  pass.  Me- 
diums resist  the  motion  of  bodies  moving  through  them,  in 
proportion  to  their  density  or  speci tic  gravity. 

SubUleoi jEtherealMEDivM,is  an  universal  one,  whose 
existence  is  by  Newton  rendered  probable.  He  make»  it 
universal;  and  vastly  more  rare,  subtile,  elastic,  and  active 
than  air  ;  and  by  that  means  freely  permeating  the  pores 
-and  interstices  of  ail  other  me'diums,  and  diffusing  itself 
through  the  whole  creation.  By  Ihe  intervention  of  this 
subtile  medium  he  thinks  it  is  that  most  of  the  great  phc- 
«omcna  nf  nature  are  elfccted.     See  jEth  er. 

This  medium  it  would  seem  he  has  recourse  to,  as  the 
£rst  and  most  remote  physical  spring,  and  the  ultimate  of 
,  all  natural  causes  :  by  the  vibrations  of  this  medium,  he 
supposes  that  heat  is  propagated  front  lucid  bodies  ;  as  also 
the  intenseiiesg  of  heat  increased  and  preserved  in  hot  bo- 
dies, and  from  them  communicated  to  cold  oties.  By 
means  of  this  medium,  he  supposes  that  light  is  reflected, 
inflected,  refracted,  and  put  alternately  into  fits  of  easy  re- 
flection and  transmission  ;  which  cflccts  he  also  elsewhere . 
Ascribes  to  the  power  c^  attraction ;  so  that  it  would  seem, 
the  ethereal  Aodium  is  the  Murce  and  cause  even  of  at- 
traction itself. 


A^in,  this  medium  being  much  rarer  within,  the  heaven- 
ly bodies,  than  in  the  heavenly  spaces,  and  growing  denser 
as  it  recedes  farther  from  them,  be  supposes  this  is  the 
cause  of  the  gravitation  of  these  bodies  towards  each  other, 
and  of  the  parts  towards  the  bodies. 

Again,  from  the  vibrations  of  the  same  medium,  excited  " 
in  the  bottom  of  the  eye  by  the  rays  of  light,  and  thence 
propagated  through  the  capillaments  of  the  optic  nerves 
into  the  sensorium,  he  supposes  that  vision  is  performed  : 
and  so  likewise  hearing,  from  the  vibrations  of  this  or  some 
other  medium,  excited  in  the  auditory  nerves  by  the  tre- 
mors of  the  air,  and  propagated  through  the  capillaments 
of  those  nerves  into  the  sensorium :  and  so  of  the  other 


And  again,  he  conceives  that  muscular  motion  is  per- 
formed by  the  vibrations  of  the  same  medium,  excited  in 
the  brain  at  the  command  of  the  will,  and  thence  propa- 
gated through  the  capillaments  of  the  nerves  into  the 
muscles  ;  .and  thus  contracting  and  dilating  them. 

The  elastic  force  of  this  raedihm,  he  shows,  must  be 
prodi^ously  great.  light  moves  at  the  rate  of  considera- 
bly more  than  10  millions  of  miles  in  a  minute ;  yet  the 
vibrations  and  pulsations  of  this  medium,  to  cause  the  tils 
of  easy  reflection  and  transmission,  must  be  swifter  than 
light,  which  is  yet  7  hundred  thousand  times  swifter  than 
sound.  Its  clastic  force  therefore,  in  proportion  to  its 
density,  must  be  above  490,000  million  of  times  greater 
than  the  elastic  force  of  the  air,  in  proportion  to  its  den- 
sity; 'the  velocili<^  and  pulses  of  the  clastic  mediums 
being  in  a  subduplicate  ratio  of  the  elasticities,  and  the 
rarities  of  the  mediums,  tak^n  together.  And  thus  it  may 
be  conceived  that  the  vibrationof  this  medium  is  the  catise 
also  of  the  elasticity  of  bodies. 

Farther,  the  particles  of  which  it  is  composed  being  sup- 
posed indefinitely  small,  even  smaller  than  those  of  light; 
if  they  be  likewise  supposed,  like  our  air,  endued  with  & 
repelling  power,  by  which  they  recede  from'  each  other, 
the  smallness  of  the  particles  may  exceedingly  contribute 
to  the  increase  of  the  repelling  power,  and  consequently  to  ' 
that  of  the  elasticity  and  rarity  of  the  medium ;  by  that 
means  fitting  it  for  the  free  transmission  of  light,  and  the 
free  motions  of  the  heavenly  bodies,  in  which  the  planets 
and  comets  may  revolve  without  any  considerable  resist- 
ance. If  it  be  700,000  times  more  elastic,  and  as  many 
times  rarer,  than  air,  its  resistance  will  be  above  600  mil- 
lion times  less  than  that  of  water ;  a  resistance  that  would 
cause  no  sensible  alteration  in  the  motion  of  the  plancta 
in  ten  thousand  years. 

MEIBOMIUS  (Marcus),*  very  learned  person,  of  a 
family  in  Germany  which  had  long  been  famous  for  learned 
men,  was  bora  at  Helrastadt  in  15gO.  He  devoted 
himself  to  literature  and  critjcism,  but  particularly  to  the 
learning  of  the  aiicicnls;  such  as  their  music,  the  structure 
of  their  gallt^ys,  &c.  In  1053  he  published  a  collection 
of  seven  Greek  authors,  who  had  written  upon  ancient 
music,  to  which  he  added  a  Latin  version  by  himself. 
This  work  he  dedicated  to  Queen  Christina  of  Sweden; 
in  conseqaence  of  which  he  received  an  invitation  to  ibal 
princess's  court,  like  several  other  learned  men,  which  he 
accepted.  The  queen  engsged  him  one  day  lo  sing  an  aii 
of  ancient  music,  while  a  petsou  danced  the  Greek  dances 
to  the  sound  of  his  voice;  but  the  immoderate  mirih 
which  this  occasioned  in  the  spectators,  so  covered  him 
with  ridicule,  and  disgusted  him  so  vehemently,  (bat  he 
abruptly  left  the  court  of  Sweden  immediately,  after 
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heartily  batterHig  with  hii  fitta  the  face  of  Bonrdelot,  the  Thus  strongly  attracting,  aod  gathering  together  on  all 

favourite  pbysiciaa  aad  buffoon  to  the  queen,  who  had  per-  sides,  Ihey  raise,  disjoin,  and  shake  asuDder  the  patti'cks 

suaded  her  to  exhibit  that  spectacle.  of  bodies,  i.  e.,they  dissolve  them  ;  wid  by  the  aitractive 

Jtleiboinius  pretended  that  the  Hebrew  copy  of  the  Bible  power  with  which  they  rush  agaimt  tlie  particin  of  the 

vaifuiioferrDrs,andundertDoklo  correctthemby  means  bodies,  they  move  the  fluid,  and  so  excite  heat,  shakiu^ 

of  a  metre,  which  he  fancied  he  had  discovered  in  those  some  of  ibc  particles  to  that  degree,  as  to  convert  tbcdk' 

ancient  writings;  but  this^it  seems  drew  upon  him  no  small  into  air,  and  so  generating  bubbles. 

raillery  from  Uie  learned.  Nevertheless,  besides  the  work  Dr.  Keill  has  given  the  theory  or  fuundatlon  of  \h<s 
&bovementioned,heproducedseveralotbers,whicbbhowed  action  of  mcnstmums,  in  several  propositions.  See  At- 
him  to  be  a  good  scholar;  witness  his  Notes  upon  Dioge-  TEiCTioN,  From  those  propositions  arc  perceived  the 
nes  Laertius  in  Menage's  edition;  his  Liber  de  Fabrica  reasons  of  the  different  effects  of  different  menstruums; 
Triremium,  167I,  in  which  be  thinks  he  discovered  the  why  some  bodies,  as,  metals,  dissolve  in  a  saline  men- 
method  in  which  the  ancie^itsdisposet}  their  banks  of  oais;  struum;  others  again,  as  resins,  in  a  sulphureouii  one; 
his  edition  of  the  Ancient  Greek  Mythologists ;  and  his  &c  :  particularly  why  silver  dissolves  in  aqua  fortis,  aud 
Dialogues  on  Proportions,  a  curious  work,  in  wbicb  the  gold  only  in  aqua  regis ;  all  the  varieties  of  which  are  ac- 
interlocutors,  or  persons  represented  as  speaking,  are  counted  for,  from  the  different  degrees  of  cohesion,  or  at* 
'  Euclid,  Archimedes,  ApoUonius,  Pappus,  Eutocius,  traction  in  tbc  parts  of  the  body  to  be  dissolved,  tijc  dif- 
Tbeo,  and  Hermotiiuus.  This  last  work  was  opposed  by  ferent  diameters  and  figures  of  its  pores,  the  different  du- 
Langius,  and  by  Dr.  WalHs,  in  a  considefable  tract,  grecs  of  attraction  in  die  menstruum,  And  the  different 
printed  in  the  first  volume  of  his  works.  Meibomius  died  diameten  and  figures  of  its  parts, 
in  1668.  MENSUIIABILITV,  the  fitness  of  a  body  for  being 

MELODY,  is  the  agreeable  effect  of  different  musical  applied,  or  conformable  to  a  certain  measure, 

sounds,  ranged  or  disposed  in  a  proper  succession,  being  MENSURATION,  iheact, or  art, of  measuringfigured 

the  effect  only  of  one  single  part,  voica,  or  instrument ;  extension  and  bodies ;  or  of  finding  the  dimensions  and 

by  which  it  is  distinguished  from  harmony,  which  pi^pwly  Contents  of  bodies,  both  superficial  and  solid.  ' 

results  from  the  union  of  two  or  more  music^  sounds  Every  different  species  of  mensuration  isestinated  and 

fieard  together.  measured  by  others  of  the  same  kind:  so,  the  solid  contents 

MENISCUS,  a  lens  or  glass,  convex  on  one  side,  and  of  bodies  are  measured  by  cubes,  as  cubic  inches,  or  cubic 

concave  on  the  other.     Sometimes  also  called  a  luoe  or  feet,  &c  ;  surfaces  by  squares,  as  square  inches,  feet,&c; 

lunula.     See  its  figure  under  the  article  Lens.  and  lengthsor  distances  by  other  lines,  as  inches,  feet,  &c, 

To^ad  the  Foau  <if  a  Menitait,  the  rule  is,  as  the  dif-  The  contents  of  rectilinear  figures,  whether  plane  or  so- 

ference  between  the  diameters  of  the  convexity  and  con-  lid,  can  be  accurately  determined,  or  expressed  ;  but  of 

cavity,  is  to  either  of  them,  so  is  the  other  diameter,  to  many  curved  ones,  this  is  not  possible.     So  the  quadra- 

tbc  focal  length,  or  distance  of  the  focus  from  the  me-  ture  of  the  circle,  and  cubature  of  the  sphere,  are  pro- 

niscus.     So  that,  having  given  the  diameter  of  the  con-  hlems  that  have  oev^r  yet  been  accurately  solved.     See 

vexity,  it  is  easy  to  find  that  of  (be  concavity,  so  as  to  re-  the  various  kinds  of  mensuration,  as  well  as  that  of  the 

move  the  focus  to  any  proposed  distance  from  the  roe-  different  figures,  under  their  respective  terms. 

niscus.     For,  if  nandij  he  the  diameters  of  the  two  sides,  The  first  writers  on  geometry  were  chiefly  writcn  on 

and/the  focal  distance;  then  since,  inensuration  ;  asEuclid,  Archimedes, &c.  SeeQtraDRa- 

by  the  rule  "a  —  d  :  n  :  :  d  zf,  Tuaa ;  also  the  Preface  10  my  Mensuration,  for  more 

therefore     d  :  »  :  :f  —  d  :/,  ample  information  on  this  subject. 

or                f—d:/::d:j>.'  MERCATOR  (Gskabji),  an  eminent  geographer  and 

Hence,  if  D  the  diameter  of  the  concavity  be  double  to  mathematician,  was  born  in  1513,  at  Ruremonde  in  the 
^  that  of  the  convexity, /will  be  equal  to  d,  ot  the  focal  Low-Countries.  He  applied  himself  with  such  industry  to 
distance  equal  to  the  diameter;  and  therefore  the  meniscus  the  sciences  of  geography  and  mathematics,  that  it- has 
will  be  equivalent  to  a  plano-convex  lens. — A^n,  if  been  said  be  often  forgot  to  eat  and  sleep.  The  emperor 
n  =3d,oi  the  diameter  of  the  concavity  triple  to  that  of  Charles  the  5th  encouraged  him  much  in  his  labours;  and 
the  convexity,  then  wil[/=  |d,  or  the  focal  distance  thedukeofJuliers  made  him  his  cosmograpber.  Hecom- 
equal  to  the  radius. of  concavity  ;  and  therefore  the  me-  posed  and  published  a  Chronology;  a  large  and  small 
niscus  will  be  equivalent  to  a  lens  equally  convex  on  either  Atlas;  and  some  Geographical  Tables;  besides  some  books 
side.— But  if  d  =  5d,  then  will/=  {d  ;  and  therefore  in  philosophy  hnd  divinity.  He  was  also  so  curious,  oa 
the  meniscus  will  be  equivalent  to  a  sphere.— Lastly,  if  well  as  ingenious,  that  he  engraved  and  coloured  his  maps 
D  =  d,  then  will/be  infinite;  and  therefore  a  ray  falling  himself.  He  made  vaHous  maps,  globes,  and  utiier  ma- 
parallel  to  the  axis,  will  still  continue  parallel  to  it  after  thcmatical  instrumenU  for  the  use  of  the  emperor ;  and 
refraction.  gave  the  most  ample  proofs  of  his  uncommon  skill  in  what 

MENSTRUUM,  SoLTEKT.orDissoLVENT.anyfluid  he  professed.-  His  method  of  laying  down  charts  is  ftill 

that  will  dissolve  hard  bodies,  or  separate  tlieir  parts.    Sir  used,  which  bear  the  name  of  Mercator's  Charts  ;  also  a 

Jsaac  Newton  accounts  for  the  action  of  menstruums  from  part  of  navigation  is  from  him  called  Mercator's  Sailing.— 

tfaeacids  with  which  they  are  impregnated;  the  particles  He  died  at  Duisbourg  in  1594,  at  82  years  of  age.— Sec 

of  acids  being  endued  with  a  strong  attractive  force,  in  Mercator's  Chart,  below. 

which  their  activity  consists,  and  by  virtue  of  which  they  Mekcatob.  (McAd^s),  an  eminent  mathematician  and 

dissolve  bodies.     By  this  attraction  they  gather  together  astronomer,  whose  name  in  High-Dutch  was  Hauffman, 

about  the  particles  of  bodies,  whether  metallic,  stony,  or  was  born,  about  the  year  l640,  at  tlolstciii  in  Denmark, 

the  like,  and  adhere  very  closely  to  them,  so  as  scarce  to  From  his  works  we  learn,  that  he  had  an  early  and  liberal 

he  separated  from  them  by  distillation,  or  sublimation,  education,  suitable  to  his  distinguished  genius,  by  which 

Vol.  IL  ■                                                       .*  G 
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fae  wai  cuBblcd  to  extend  bis  racatcbes  into  the  mathe-  htbmorua.    Auctore  Nicoloo  Mereatore  Holuto  i  Soci- 

/inatical  iciences,  and  to  make  very  considerable  improve-  etste  Regia.    Huic  etiam  jungitur  Michselis  Angeli  Hiccii 

nents :  for  it  appears  from  his  writings,  as  well  as  from  Exercitatio  Georoetrica  de  Alasimis  et  Minimis,  bic  oh 

Ae  chancier  given  of  bioi  by  other  raaihcmaticians,  that  argumenti  pra»lantiam  et  exemplarium  tsritatcm  recusa; 

bia  talent  rather  layin-itDprovtng.andadaptingaDy  disco-  Lond.  1668,  in  4to. 

Tcries  and  improvements  to  uk,  than  invention.     How-  6.  Imticutionura  Astronomicarum  libri  duo,  de  Motu 

ever,  his  genius  for  the  mathematical  sciences  was  very  Astrorumcommunietproprio,  secundum  hypotheses  vete- 

conspicuous,  and  introduced  him  to  public  regard  and'  rum  «l  recentiorum  prvcipuas;  deque  Hypotheseon  ex 

esteem  inhis  own  country,  and  bciliiated  a  correspondence  observatis  construct! one,  cum  tabulis  Tychonianis,  Solari* 

with  such  as  were  eminent  in  those  sciences,  in  Denmark,  bus,  Lunaribus,  Luns-solaribus,  et  Rudolphims  Soli*, 

Italy,  and  England.     Some  of  his  correspondents  gave  Hxarum  et  quihque  Errantium,  earumque  usu  pneseptii 

him  an  invitxtion  to  this  country,  which  heaccepted,  and  et  exemplis  commonstrato>     Quibus  accedit  Appendix  de 

he  afterwards  continued  in  England  till  his  death.     He  'iis,qu»  novissimis  tamporibus  ccalitui  iniwtuerunt;  Lond, 

had  not  been  long  here  before  he  was  admitted  f.  r.  s.  and  1676,  8vo. 

gave  frequent  proofs  of  his  close  application  to  study,  as  7-  Euclidis  Elementa  Geometrica,  tiovo  ordine  ac  tne- 

wellas  of  his' eminent  abilities  in  improving  some  branch  thodo  ferf,  demonstrate.     Una  cum  Nic.  Mercaloris  in 

or  other  of  the  sciences.     But  he  is  charged  sometimes  Geotnetriam  Introduciionc  brevi,  quaMngnitudinumOrtiu 

with  borrowing  the  inventions  of  others,  and  adopting  the Ai  ex  geouinis  Principiis,  et  Ortarum  Affectiones  ex  ipsa  Ge- 

'  as  his  own.     And  it  appeared  on  some  occasions,  that  he  nesi  derivantur.    Lond.  l67S,  ISmo. 

was  not  of  an  over  liberal  mind  in  scientific  coinmunica-  His  papers  in  the  Philosophical  Transactioiu,  are, 

lions.     Thus,  it  had  some  time  before  him  been  observed,  1.  A  Problem  on  some  Points  in  Navigation:  vol.  I. 

That  there  was  an  analogy  between  a  scale  of  It^aritfamic  3.  Illustrations  of  the  Logaritbmo-tecbnia :  vol.  3. 

land  VVright'sprotraction  of  the  nautical  meridian  3.  Considerations  concerning  his  Geometrical  and  Di. 


line,  which  consisted  of  the  sums  of  the  secants ;  though  lect  Method  for  finding  the  Apogees,  Excentricities,  and 
it  does  not  appear  by  whom  this  analogy  was  firei  disct^  AMvalies  of  the  Planets:  vol.  j,  pa.  II68. 
vered.  It  ap{Mars  however  to  have  been  fint  published,  Memtor  died  in  169*,  about  M  years  of  age. 
'  and  introdoced  into  the  practice  of  navigation,  by  Henry  MERCATOR's  Chun,  or  PTOfeaiou,  is  a  projection  of 
Bond,  who  mentions  this  property  in  an  edition  of  Nor-  the  surface  of  the  earth  in  piano,  so  called  from  Gerrard 
wood's  Epitome  of  Navigation,  printed  about  l645  ;  and  Uercator^,  a  Flemish  geographer,  who  first  published  map* 
Jte  again  treats  of  it  more  fully  in  an  edition  of  Guntei's  of  this  tort  in  the  year  1566;  though  it  was  Edward 
Works,  printed  in  165S,  where  he  teaches,  from  this  pro*  Wright  who  first  gave  the  true  principles  of  such  charts, 
petty,  to  resolve  all  Ibe  cases  of  Mercator's  Sailing  by  the  with  their  application  to  navigation,  in  1699. 
logarithmic  tangents,  independent  of  the  table  of  loeridi-  In  this  chart  or  projection,  the  meridians,  parallels,  and' 
onal  parts.  This  analogy  had  only  been  found  to  be  rhumbs,  are  all  straight  lines,  the  degrees  of  longitude 
nearly  true  by  trials,  but  not  demonstrated  to  be  a  mathe-  being  every-wbere  increased  so  as  to  be  equal  to  one  an. 
matical  property.  Such  demonstration  seems  to  have  other,  and  having  the  degrees  of  latitude  also  increased  in 
been  iirst  discovered  by  Mercator,  who,  desirous  of  making  the  same  proportion;  namely,  at  every  latitude  or  point  on 
ibe  most  advantage  ofthisandanotber  concealed  invention  the  globe,  the  degrees  of  latitude,  and  of  longitude,  or  the 
of  bit  in  navigation,  by  a  paper  in  the-  Philosophical  parallels,  are  increased  in  the'proportion  of  radius  to  the 
Transactions  for  June  4,  l66b,  invites  the  public  to  enter  sine  of  the  polar  distance,  or  cosine  of  the  latitude;  or, 
into  a  wager  with  him,  on  bin  ability  to  prove  the  truth  which  is  the  same  thing,  in  the  proportion  of  the  setant  of 
or  falsehoot^  of  the  supposed  analogy.  This  mercenary  latitude  to  radius;  a  proportion  which  has  the  effect  of  r^~ 
proposal  it  seems  was  not  taken  up  by  anyone,  and  Mrr-  presenting  the  parallel  circles  by  parallel  and  equal  right 
cator  reserved  his  detnonstralion.  Uur  author  however  liues,  and  all  the  meridians  by  parallel  lines  also,  but  in- 
distinguished  himnelf  by  many  valuable  pieces  on  philo-  crmsinginfinitelytowards the  poles. 

sophical  and  mathematical  subjects.     His  first  attAnpt  From  this  proportion  of  the  increase  of  the  degrees  of 

was,  to  reduce  astrology  to  ralional  principles,    which  the  Tncridian,  vis,  that  they  increase  as  the  secant  of  the 

proved  a  vain  attempt.     Gut  his  writings  of  morcporticu-  latitude,  it  is  very  evident  that  the  length  of  an  arch  of  tb« 

lar  note,  are  as  follow :                      ,  meridian,  beginomg  at  the  equator,  is  proportional  to  the 

'    ].  Cosmographia,  sive    Descriptio  Cccli  et  Terne  in  sum  of  all  the  secants  of  the  latitude,  i.e.  that  the  in* 

Circulos,  qu»  fundumuntum  stemilur  sequentibus  ordine  creased  meridian,  is  to  the  true  arcb  of  it,  as  the  sutd  of 

Trig^nomclris  Sphericorum    Lojjarithmicx,  ^c,  a  Ni-  all  those  secants,  to  as  many  timea  the  radius.     But  it  ii 

cnlao  Hiiuffman    Holbato;    printed   at   Dantzic,    l65l,  not  so  evident  that  the  same  increased  meridian  js  also 

ICmo.  analogous  to  a  scale  of  the  logarithmic  tangents,"  which 

-    2.  Rationes  Mathcni»tice  subductse  anno  l653;' Co-  however  it  is.    "  it  does  hot  appear  by  whom,  nor  by  what 

pcnhagen,  in  4to.  accident,  the  analogy  was  discovered  between  a  scale  of  lo- 

3.  De  EmcnilHtione  annua  Diatribs  duse,  quibus  ex-  garithmic  tangents  and  Wright's  protraction  of  the  nau- 
ponuntur  et  demonstrantur  Cycli  Soils  et  Luna',  &c  ;  tical  meridian  line,  which  consisted  of  the  sums  of  the  se- 
in  4io.                                          ^  cants.     It  appears  however  to  have  been  first  published, 

4.  IiypotliesisAstronumicanova,etCons«)sus(>juscum  and  introduced  into  ifae  practice  of  navigation,  by  Mr. 
ObservAionibus;  Lond.  1664',  in  fulio.  Henry  Bond,  who  mentions  this  property  in  an  edition  of 

5.  L6s">'ithmutecbnia,  sivc  Metbodus  Construcndi  Lo-  Norwood's  Epitome  of  Navigation,  printed  about  ]645; 
garithmos  novH,accuratu,etfacilis;  scripto  antehac  com-  and  he  again  treats  of  it  more  fully  in  an  edition  of  Gun- 
municHta  anno  sc.  I667  nonis  Augusti ;  cui  nunc  accedit,  Ur^s  Works,  printed  in  l653,  where  he  teuhej,  from  thia 
Vera  Quodratura  Hyperbola?,  et  Inventio  summte  Lof^  property,  to  resolve  all  tbe  cues  of  Metcator's  Sailing  by 
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the  lo^iitbmic  tusgeati,  independent  of  tlw  UMe  of 
meridional  pArts.  This  analogy  had  unly  been  found 
bowever  to  be  nearly  true  by  triali,  but  not  demomtrated 
to  be  a  mathematical  property.  Such  demonstration,  it 
■eums,  was  dnt  discovered  by  Mr.  NichoUi  Mercator, 
which  he  offered  a  wager  to  disclose;  but  this  not  being  ac- 
CeptcU,  Mercator  reserved  bit  deni onat ration ;  as  men- 
tioned in  the  account  of  his  life  inthe  foregoing  page.  The 
proposal  however  excited  the  attention  of  mathemati- 
cians  to  the  subject,  and  deraonstrations  were  not  long 
wanting.  The  first  was  published  about  3  years  after, 
by  James  Gregory,  inhis  Exercitationes  Geometric^;  from 
hence,  and  other  similar  properties  there  demonstratad,  he 
ihowi  how  the  tables  of  logarithmic  tangents  and  secants 
may  easily  be  computed  from  the  natural  tangents  and 

"  The  same  analogy  between  the  logarithmic  tangentt 
and  tha  meridian  line,  as  also  other  similar  properties, 
were  aAerwards  more  elegantly  demonstrated  by  Dr. 
Hatley,  in  the  Fhilos.  Trans,  for  Feb.  1696,  and  various 
methods  given  for  computing  the  same,  by  examiniag  the 
nature  of  the  spirals  into  which  the  rbdmbs  are  transformed 
in  tbe  stereographic  projection  of  the  sphere  on  the  plane  of 
the  equator :  the  doctrine  of  which  was  rendered  still  more 
easy  and  elegant  by  the  ingenious  Mr.  Cotes,  in  hi*  Logo- 
metria,  fint  printed  in  the  Philos.  Trans,  for  1714,  and  af- 
terwards in  the  collectioo  of  his  works  published  1732,  by 
his  cousin  Dr.  Robert  Smith,  who  succeeded  him  as  Plu- 
mian  professor  of  philosophy  in  the  university  of  Cam- 

Tbe  learned  Dr.  Isaac  Barrow  also,  in  his  Lectioites 
Geometric^,  Lect.  xi.  Append,  first  published  in  l672, 
delivers  a  similar  property,  namely,  "  that  tbe  sum  of  all 
the  secants  of  any  arc,  is  analc^ous  to  the  logarithm  of  the 
ratio  of  r  -h  «  to  r  —  f,  vis,  radius  plus  sine  to  radius 
minus  sine ;  or,  which  is  the  same  thing,  that  the  meri- 
dional parts  answering  to  any  degree  of  latitude,  are  as 
t(>e  It^rithms  of  the  tatios  of  the  versed  sines  of  the  di- 
stances from  the  two  poles."  Preface  to  my  Logarithms, 
pa.  100. 

The  meridian  line  in  Mercator's  Chart,  is  a  scalft  of 
-  logarithmic  tangents  of  the  half  colatitudes.  The  dif- 
ferences of  longitude  on  any  rhumb,  arc  the  logarithms  of 
the  same  tangents,  but  of  a  diflerent  species ;  those  species 
being  to  each  other,  as  the  tangents  of  the  angles  mada 
with  tbe  meridian.  Hence  any  scale  of  logarithmic  tan- 
gents is  a  ta^e  of  the  differences  of  longitude,  to  several 
latitudes,  on  some  one  determinate  rhumb;  and  therefore, 
as  the  tangent  of  the  angle  of  such  a  rhumb,  is  to  the 
tangent  of  any  other  rhumb,  so  is  tbe  difference  of  the  lo- 
garithms of  any  two  tangents,  to  the  difference  of  longi- 
tude on  the  proposed  rhumb,  intercepted  between  the  two 
latitudes,  of  whose  half  complements  the  logarithmic  tao- 
geUs  were  takea, 

It  was  the  great  study  of  our  predecessors  to  Contrit^e 
such  a  chart  in  piano,  with  straight  lines,  on  which  all,  or 
any  parts  of  the  world,  might  be  truly  set  down,  accord- 
ing to  their  longitudes  and  latitudes,  bearings  and  di- 
stances. A  method  for  this  purpose  was  hinted  by  Pto- 
lemy, near  SOOO  years  since ;  and  a  generaf  map,  on  such 
an  idea,  was  made  by  Mercator;  but  the  principles  were 
not  demonstrated,  and  a  ready  way  shown  of  describing 
the  chart,  till  Wright  explained  how  to  enlarge  the  me- 
ridian linf  by  the  continual  addition  of  sei^nts;  so  that  all 
degrees  of  ItMigitude  mi^t  be  proportional  (o  thoec  of 


latiiode,  ss  o^  the  nlobc:  which  tmders  this  chqrt,  in 
several  respects,  far  more  convenient  for  the  navigator's 
use,  thai)  the  globe  itself;  and  which  itill  truly  sbuw  the 
counc  and  distance  from  place  to  place,  in  all  cases  of 
sailing. 

MehcaTOk'sSbi^,  or  more  properly  ff>^/ji's  Sail- 
ing, is  jhe  method  of  computing  the  cases  of  sailing  on  the 
principles  of  Mercatot'i  chart,  which  principles  were  laid* 
down  by  Kdward  Wright  in'ihc,  beginning  of  the  I7th 
century ;  or  the  art  of  finding  on  a  plane  the  motion  «f 
a  ship  upon  any  assigned  course,  that  shall  be  true  as 
well  in  longitude  and  latitude,  as  distance;  the  meridians 
being  all  parallel,  and  ibe  parallels  of  latitude  straight 
lines. 

In  the  right-angled  triangle  aic,  j. 

let  Ab  be  the  true  difference  of  la- 
titude between  two  places,  the 
angle  6ac  the  angle  of  the  courve 
sailed,  and  ac  the  true  distance 
sailed;  then  will  be  be  what  is 
called  tbe  departure,  as  in  plane 
sailing:  pr<iduce  a^  till  ab  be 
equal  to  tbe  meridional  difierence 
of  latitude,  and  draw  bc  parallel 
to  bc;  so  shall  BC  be  the  di^rence 
of  longitude. 

Now  from  the  similarity  of  the 
two  triangles  Abe,  abc,  when  threa  of  the  parts  are  given, 
the  rest  may  be  found;  as  in  the  following  analo^es  :  As 
Radius ;  sin.  course  : :  distance  ;  departure; 
Radius  :  cos.  course  :  :  distance  :  dtf.  latiUde; 
Radius  :  tan.  course  :  :  merid.  dif.  lat  :  dif.  longitude. 

And  by  means  of  theae  analogies,  all  the  cases  of  Mer- 
cator's Sailing  may  bc  resolved. 

MERQURY,  in  Astronomy,  tbe  smallest  of  the  inferior 
plaitets,  and  the  nearest  (9  the  sun,  about  which  it  is  car- 
ried with  u  very  rapid  motion.  Hence  it  was,  that  tbe 
Greeks  called  this  planet  after  the  name  of  the  nimble 
messenger  of  the  gods,  and  represented  it  by  the  figure  of 
ayouth  with  wings  nt  bis  head  atid  f^t;  whenteisde- 
rived  t^,  the  (Aaracler  in  present  uk  for  denoting  this 
planet.— The  mean  distance  of  Mercury  from  the  suDi  is 
to  that  of  the  earth  from  tbe  sun,  as  367  to  lOOOiand 
therefore  his  distance  is  aboiit  37  millions  of  miles,  or 
little  more  than  une-thlrd  of  the  earth's  distance  Iram  tke 
sun.  Hence  the  sun's  diameter  will  appear  at  Mercury, 
iii»r  3  times  as  large  as  at  the  earth ;  and  hence  also  the 
sun's  light  and-  heat  received  there  are  about  7  timet 
those  at  the  earth ;  a  degree  of  heat  more  thaa  sufficient 
to  make  water  boil.  Such  a  d^tee  of  beat  therefftre  mast 
render  Mercury  not  bailable  to  creatures  of  our  coostt 
tution:  and  if  bodies  Km  its  sur&ce  be  not  inflamed,  and  ' 
set  on  fire,  it  must  be  because  their  d^ree  of  density  it 
proportionably  greater  than  that  of  bodies,  on  our  globe. 

The  diameter  of  Mercury  is  also  more  than  4-  of  tlw 
diameter  of  the  earth,  or  about  3323  miles.  Hence  tbe 
surface  of  Mercury  is  nearly  I-9lh,  and  his  magnitudeor 
bulk  l-37th  of  that  of  th«  earth. 

The  inclination  of  his  orbit  to  the  plane  of  the  eeliptie, 
is  7°  O* ;  his  period  of  revolution  round  the  sun,  67  days  33 
hours;  his  greatest  elongation  from  the  sun  38°  Stf;  the 
exceutricity  of  his  orbit  -I-  of  bis  mean  distaace,  which  it 
hr  greater  than  that  of  any  of  the  other  planets ;  and  ha 
roovea  in  his  orbit  about  the  inn  at  the  amaaing  rate  of 
93,000  miles  an  hoar* 
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The  place  of  hU  apbelion  is  $  I4*32'j  jdaca  of  as- 
cending node  b  14°*4',  and  coDsequently  that  of  the 
descending  node  nt,  14°  W.  His  length  of  day,  or  rota> 
tioD  on  his  axis,  aud  inclination  of  axis  to  hii  urbit,  are 

unknown. 

Mercury  changes  hi)  phases,  like  ibe  moon,  according  to 
his  various  positions  with  regard  to  theearthondsun;  except 
only,  that  he  never  appears  quite  full, because  his  enlight- 
ened side  is  never  turned  directly  towards  us,  unless  when 
he  issonearthcsunastobe  lost  to  our  sight  in  his  beams. 
And  BS  hia  enlightened  side  is  always  towards  the  sun,  it 
is  plain  that  he  shines  not  by  any  light  of  his  own  ;  for  if 
he  did,  be  would  constantly  appear  round. 

The  bea  observaliona  of  this  planet  are  those  ipade 
when  it  is  seen  on  the  sun's  disc,  called  its  transit ;  for  in 
its  lower  conjunction,  it  someiimcs  passes  before  the  sun. 
like  a  little  spot,  eclipsing  a  snBll  partof  the  suu'e  body, 
only  observable  with  a  telescope.  Thai  node  from  which 
Mercury  ascends  northward  above  the  ecliptic,  is  in  the 
16th  degree  orTaurus,and  the  opposite  in  the  16th  degree 
of  Scorpio.  The  earth  is  in  those  parts  on  the  6th  of  Nor 
vember,  and  4th  of  May,  new  stjle;  and  when  Mercury 
comes  to  either  of  hiii  nodes  at  his  inferior  conjuuclion 
about  these  times,  be  will  appear  in  this  manner  to  pass 
over  the  sun's  disc.  But  in  all  otherparUof  his  orbit,  his 
conjunctions  are  invisible,  because  he  goes  either  above 
or  below  the  sun.  '  The  first  observation  of  this  kjnd  was 
made  by  Gassendi.  in  November  l631.  Several  following 
observations  cf  the  like  transits  are  collected  in  Du  Uar 
mel'sHist.  of  the  Royal  Acad,  of  Scieiiccs,pa.470,  ed.2. 
And  Mr<Whiston  has^ven&list  of  several  periods  at  which 
Mercury  may. be  seen  on  the  sun's  disc,  vii,  in  1782,  Nov. 
12,  at  3^  44»  afternoon;  in  1786,  May  4th,  at  6''57'in 
L  the  forenoon  ;  in  1789,  Dec.  6th,  at  3*  55°  afternoon ; 
and  in  1795,  May  7th,  at  2°  34"  afternoon.  There  ar« 
also  se.vEcal  intermediate  transits,  but  no'ne  of  them  visible 
At  London. ,  See  Dr.  lialley's  account  of  the  Transits  pf 
Mercury  and  Venus,  in  the  Philos.  Trans.  No.  193. 

Mkb,cuiiy,  a  metal  of  a  silvery  white  colour,  and  is 
otherwise  called  quicksilver.  This  metal  is  always  fluid 
at  the  usual  temperature  of  the  atmosphere,  but  freeics 
and  becomes  fi-i^d  at  the  temperature  of  —.39°  of  Fahren- 
heit's thermometer,  that  is  39°  below  0,  or  71°  below  the 
Jreezing  point  of  water;  and  it  contracts  about  ^  of  its 
bulk  in  the  moment  of  freezing,''  its  boiling  point  is  660°; 
Jt  may  therefore  he  totally  evaporated,  or  distilled  from 
one  vesbel  into  another,  by  which  means  it  is  pnrifled  from 
various  other  metallic  matters.  The  vapour  of  mercury 
is  invisible,  and  clastic,  like  common  air ;  like  air  too, 
i(a  elasticity  is  indefinitely  increased  by  beat,  so  that  it 
.lureaks  the  strongest  vessel,  with  an  e.tplosion  as  loud  as  « 
.(;annon. 

MERIDIAN,  in  Astronomy,  is  a  great  circle  of  the 
celestial  sphere,  passing  through  the.  poles  of  the  world, 
and  both  the  zenith  and  nadir,  crossing  the  equinoctial  at 
light  angles,  and  dividing  the  sphere  into  two  equal  parts, 
.or  hemispheres,  the  one  eastern,  and  the  other  western. 
Or,  the  meridian  is  a  vertical  circle  passing  through  the 
pules  of  the  world. — ^t  is  called  meridian,  from  the  LAtin 
Meridici,  mid-day  or  noon,  because  when  the  sun  comes 
to  the  south  part  of  this  circle,  it  is  noon  to  all  those 
^places  situated  under  it. 

,  Mi^KiDiAN,  in  Geography,  is  a  great  circle  passing 
'through  the  north  and  south  poles,  and  any  given  place: 
thus,  the  mi'iidiaa  of  London,  it  tji^t  circle  Rhich  passes 
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over  Londob  aad  through  the  poles  of  the  earth ;  and  it 
lies  exactly  under,  or  in  the  plane  of,  the  celestial  meri- 
dian.— These  meridians  are  various,  and  change  according 
to  the  longitude  of  places;  so  that  their  number  may  be 
said  to  be  infinite,  since  all  places  from  east  to  west  have 
their  several  meridians.  Farther,  as  the  meridian  invests 
the  whole  earth,  there  arc  many  places  situated  under  the 
same  meridian.  Also,  us  it  is  noon  whenever  the  centre 
of  the  sun  is  in  the  celestial  meridian  ;  and  as  the  meridian 
of  the  earth  is  in  the  plane  of  the  former ;  it  follows,  that 
it  is  noon  at  the  same  time,  in  all  places  situated  under  tb« 
same  meridian. 

Firtl  Meridian,  is  that  from  which  the  rest  are  count- 
ed, reckoning  both  east  and  west,  and  is  the  bt^innit^  of 
longitude.  The  fining  of  the  first  meridian,  is  a  matter 
merely  arbitrary ;  and  hence  different  persons,  nations, 
and  ages,  have  fixed  it  differently :  from  which  circum- 
stance fome  confusion  has  arisen  in  geography.  The  rule 
among  the  ancients  was,  to  make  it  pass  through  ^e  place 
farthest  to  the  west  that  was  known.  But  the  modems 
knowing  that  there  is  no  such  place  on  the  earth  as  can  be 
esteemed  the  most  westerly,  the  way  of  computing  the  lon- 
gitudes of  places  from  one  fixed  point  is  much  laid  aside. 

Ptolemy  assumed  the  meridian  that  passes  through  the 
farthest  of  the  Canary  Islands,  as  his  firtt  meridian  ;  that 
being  the  most  western  place  of  the  world  then  known. 
After  him,  as  more  countries  were  discovered  in  that 
quarter,  the  first  meridian  was  removed  farther  off.  The 
Arabian  geographers  chose  to  place  the  first  meridian  on 
the  utmost  shore  of  the  western  oceau.  Some  fixed  it  to 
the  island  of  St.  Nicholas  near  the  Cape  Verd  ;  Hondius 
to  the  isle  of  St.  James  ;  others  to  the  island  of  Del  Corvo, 
one  of  the  Azores  ;  because  on  that  island  the  magnetic 
needle  at  that  time  pointed  directly  north,  without  any 
variation ;  and  it  was  not  then  known  that  the  variation 
of  the  needle  is  itself  subject  to  variation.  ,Tbe  latest 
geographers,  particularly  the  Dutch,  have  pitched  on  the 
Peak  of  TeneritTe ;  others  on  the  Isle  of  Palm,  another  of 
the  Canaries ;  and  lastly,  the  French,  by  order  of  the 
king,  on  the  island  of  Fero,  another  of  the  Canaries. 

But,  without  much  regard  to  any  of  these  rules,  geo- 
grapbetii  and  constructors  of  maps  often  assume  the  meri- 
dian of  ibe  place  where  they  live,  or  the  capital  of  their  . 
country,  or  ill  chief  observatory,  for  a  first  meridian  ;  and 
from  it  reckon  the  longitudes  of  places,  east  and  west. 

Astronomers,  in  their  calculations,  usually  choose  the 
meridian  of  the  place  where  their  oloervations  are  made, 
for  their  first  meridian  :  as  Ptolemy  at  Alexandria;  Tycho 
Brah^  at  Uranihourg;  Riccioli  at  Bologna ;  Flams  teed  at 
ihc  Royal  Observatory  at  Greenwich  ;  and  the  French  at 
the  observatory  at  Pans. 

There  is  a  suggestion  in  the  Philos.  Trans,  that  the  me- 
ridians  vary  in  lime.  And  it  has  been  said  that  this  is 
rendered  probable,  from'the  old  meridian  line  in  tbechurch 
of  St.  Petronio  at  Bologna,  which'  is  said  to  vary  no  less 
than  8  degrees  from  the  true  meridian  of  (be  place  at  this 
time:  and  from  the  meridian  of  Tycho  at  UranibonTg, 
'hich  M.  Picart  observes,  varies  16  minutes  from  the  m 


dern  meridian.  If  there  beany  thing  of  truth  in  this  hint. 
Dr.  Wallis  says,  the  alteration  must  arise  from  a  change 
9f  the  terrestrialpoles  (here  oncarth,  ofthe  earth's  diurnal 
motion),  not  of  their  pointing  to  this  or  that  of  the  fi:ced 
stars :  for  if  the  poles  of  the  diurnal  motion  remain  fixed 
to  the  same  place  on  the  earth,  the  meridians,  which  pass 
through  these  poles,  must  icmain  thesune. 
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But  the  notion  of  the  cbangei  of  flie  ineridiaii  leems  to 
be  much  ^reakened  by  an  observation  of  M.  CbaaeUes,  of 
the  French  Academy  of  Sciences,  who,  when  in  Egypt, 
found  that  the  four  sides  of  a  pyramid,  built  3000  year« 
ago,  still  pointed  very  exactly  to  the  four  cardinal  points : . 
a  poaition  which  cannot  be  considered  as  merely  for- 
tnitoiu.  But  here  again  it  may  beaskcd.If themeridiaiis 
vary,  may  it  not  be  by  an  OKillatory  motion,  similar  to 
that  of  the  variation  (^  the  magnetic  needle,  so  that  at  a 
distance  of  3000  yean,  the  observations  made  io  any  par- 
ticular'place  may  agree,  though  during  that  period  a  con- 
stant and  successive  variation  may  have,  taken  place,  vi- 
brating as  it  were  between  certain  limits,  as  is  now  gene- 
rally known  to  be  the  case  in  other  planetary  variations, 
such  as  the  acceleration  of  the  moon,  the  variation  in  obli- 
quity of  the  ecliptic  to  the  equator,  &c.  And  under  this 
point  of  view  the  ubservation  of  Chazellcs  would  not  affect 
the  truth  of  the  other  assertions.  For  measuring  an  arc  of 
the  raeriilian,  see  the  article  Dkorse, 

MBR'iDiAif  of  a  Globe,  or  Sphere,  is  the  brazen  circle, 
in  which  the  globe  hangs  and  turns.  It  is  divided'  into 
fourpO's,  orSGO  degrees,  beginning  at  the  cquinnctial:  on 
it,  each  way,  from  the  equinoctial,  on  the  celestial  globes, 
is  counted  the  north  and  south  declination  of  the  sun, 
moon,  or  stars  ;  and  on  the  terrestrial  globe,  the  latitude 
of  places,  north  and  south.  There  are  two  points  on  this 
circle  called  the  poles ;  and  a  diameter,  continued  from 
thence  through  the  centre  of  either  globe,  is  called  the  axis 
of  the  earth,  or  heavens,  on  whicli  it  is  supposed  they  re- 

On  the  terrestrial  globes  there  are  usually  drawn  36  me- 
ridians,  one  through  eveiy  tenth  degree  of  the  equator,  or 
'  through  every  loth  degree  of  longitude.  The  uses  of  this 
circle  are,  to  set  the  globes,  in  any  particular  latitude,  to 
show  the  sun's  or  a  star's  declination,  right  ascension,  great- 
est altitude,  &c. 

Meridiak  Zine,  an  arch,  or  part,  of  the  meridian  of  the 
place,  terminated  each  way  by  the  horiion.  Or,  a  meri- 
dian line  is  the  intersection  of  the  plane  of  thctneridianof 
the  place  with  the  plane  of  the  horizon,  often  called  a 
north- an d-south  line,  because  its  direction  is  from  north 
to  south. 

The  meridian  line  is  of  most  essential  use  i^  astronomy, 
geography,  dialling,  &ic ;  and  the  greatest  pains  are  taken 
by  astronomers  to  ^x  itat  their  observatories  to  the  utmost 
precision. '  M.  Cassini  has  distinguished  himself  by  a  me- 
ridian tine  drawn  on  the  pavement  of  the  church  of  St, 
Petronio,  at  Bologna;  being  extended  to  130  feet  in 
length.  1(1  the  roof  of  this  church,  1000  inches  above  the 
.  pavement,  is  a  small  hole,  through  which  tl)e  sun's  image, 
when  in  the  meridian,  falling  upon  the  line,  marks  his  pro- 
Btets  all  the  year.  When  fipished,  M.  Cassini,  by  a  public 
writing,  quaintly  informed  the  mathematicians  of  Europe, 
of  a  new  oracle  of  Apollo,  or  the  sun,  established  in  a 
temple,  which  might  be  consulted,  wi 
as  to  all  difficulties  in  astronomy.     See  GvomoHi 

To  draw  a  Meridum  Line. — There 
are  many  ways  of  doing  this ;  but 
some  of  the  easiest  and  simplest  are- 
as  follow  :  ].  On  an  horiionlal  plane 
describe  several  concentric  circles  ab, 
ttb.  Sec ;  and  «n  the  common  centre 
c  erect  a  stile,  or  gnomon,  perpendicu- 
lar to  the  horizontal  plane  of  about 
afoot  in  length,    Abgut  tbeSUt  of 


June,  between  the  hours  of  ((and  li  in  the  morning,  and 
between  1  and  3  in  tbeafternoon.observe  the  pointii  a,  a, 
a,  h,  &c,  in  the  circles,  where  the  shadow  of  the  stile 
terminate.  Bisect  the  arches  ab,  al>,  &c,  in  d,  d, 
&c.  If  then  the  same  right  line  de  bisect  all  these  arches, 
it  will  be  the  meridian  line  sought. — As  it  is  not  CHsy  to 
determine  precisely  the  extremity  of  the  shadow,  it  will  be 
best  to  maKe  the  stile  tlat  at  top,  and  to  drill  a  small  hole 
through  if,  noting  the  lucid  point  projected  by  it  on  the 
a:  ches  AB  and  ab,  instead  of  marking  the  extremity  of  the 
shadow  itself. 

2.  Another  method  is  thus:  Knowing  the  south  quarter 
pretty  nearly,    observe  the  r''" 


E  of  s< 
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not  for  from  the 
meridian  H7kk  :  then  keeping 
the  quadrant  firm  on  its  axis,  so 
as  the  plummet  may  still  cut  the 
same  degree,  direct  it  to  the  west- 
ern side  of  the  meridian,  and  wait 
tillyou  find  the  star  has  the  3ame__ 
altitude  as  before,  as^.  Lastly, 
bisect  'the  angle  %ce,  formed  by  the  intersection  of  the 
two  planes  in  which  the  quadrant  has  been  placed  at  the 
lime  of  the  two  observations,  by  the  righMine  UKj  whicli 
will  be  the  meridian  sought. 

Many  other  methods  are  ^venby  authors,  of  describing 
a  meridian  line ;  as  by  the  pole  star,  or  by  equal  alti- 
tudes of  the  sun,  &c;  by  Schooten  in  his  Exercitationes 
GeometricK;  Grey,  De^ham,  &c,  in  the  Pfaitos.  Tr&ns, 
and  by  Fei^uson  in  his  Lectureton  Select  Subjects. 

From  what  has  been  liaid  it  is  evident  that  whenever 
the  sbadow  of  (he  stile  covers  the  meridian  line,t))e  centre 
of  the  sun  is  in  the  meridian,  and  therefore  it  is  then 
noon.  And  hence  the  use  of  a  meridian  line  in  adjusting 
the  motion  of  clucks  to  the  sun.  If  another  ttile  I>e  erected 
perpendicularly  on  any  other  horizontal  plane,  and  a 
signal  be  given  when  the  shadow  of  the  former  stile  covers 
the  meridian  line  drawn  on  another  plane,  noting  the 
apex  or  extremity  of  the  shadow  projected  by  the  second 
stile,  a  line  drawn  through  that  point  and  the  foot  of  the 
stile  will  be  a  meridian  line  at  the  2d  place.  Or,  instead 
of  the  3d  itilc,  a  plumb-line  may  be  hung  up,  and  its  sha- 
dow noted  on  a  plane,  upon  a  signal  given  that  the  shadow 
of  another  plummet,  or  of  a  stile,  falls  exactly  in  another 
meridian  line,  at  a  little  distance ;  which  shadow  will 
give  the  other  meridian  line  parallel  to  the  former. 

Meridian  lAat,  on  a  dial,  is  a  right  line  arising  from 
the  intersection  of  the  meridian  of  the  place  with  the  plana 
of  the  dial.  This  is  the  tine  of  noon,  or  13  o'clock,  and 
from  hence  the  division  of  the  hour-line  begins. 

Meridian  Line,  on  GunLer's  Scale,  is  divided  un- 
equally towards  87  degrees,  the  same  as  the  meridian  in 
Mercator's  chart  is  divided  and  numbered.  This  line  is 
very  useful  in  navigation.  For,  1st,  It  serves  to  graduate 
asca-chart  according  to  the  true  projection.  Sa,  Being 
joined  with  a  line  of  chords,  it  serves  for  the  protiactioD 
and  resolution  of  such  rectilineal  triangles  as  are  concern- 
ed in  latitude,  longitude,  course,  and  distance,  in  the 
practice  of  sailing;  as  also  in  pricking  the  chart  trutf 
at  sea.  -         . 

Magneticat  Meridian,  is  agre«t  circle  passing  through 
or  by  the  magnetical  poles ;  to  which  meridians  the  m«g< 
netical  needle  conforms  itself.' 

MxHiiUAX  Altitude,  of  th«  sun  or  itftn,  is  their  alti-  • 


Digi-zecoyV^UU^ie. 


MER 


t    «    ]  M  E  E 

tiplying  tba  remiinder  above  menboned  bv  tbe  nutnl 
1 174-078. 

'When  tbe  ipheroid  ii  oblong,  the  difference!  n  the  r 
ridional  parts  between  the  ipeere  and  Bpheroid,  for  i 
same  latitude,  is  then  ctetcrmined  by  a  circular  arc.  f 
Philos.  Trans.  N0.461,  sect.  14.  Also  Maclaurin's  Fit 

ODS,  art  895,  899.  And  Murdoch's  Mercator's  Sailing  S 
MERLON,  in  Fortification,  that  part  of  the  para) 
Nf  hich  lies  between  two  embrasures. 

'  MERSENNE  (Mahtik),  a  learned  French  aulh. 
Vfa»  born  at  Bourg  of  Oyse,  in  the  province  of  Mati 
I5SS,  He  studied  at  La  Fleche  at  the  same  time  wi 
Descartes;  with  whom  he  contracted  a  gtrict  friendsL: 
which  continued  till  death.  He  afterwards  went  to  Pai 
and  studied  at  the  Sorbonne;  and  in  l6u  entered  hinis 


tade  when  in  the  meridian  of  the  place  vrhere  they  a 
observed. 

Meridional  Dtsfoncf, in  Navigation,  is  the  same  with 
the  deparcupe,  or  easting  and  westing,  or  distance  belwr< 
two  meridians.  ■ 

MxRiDioNAL  Port*,  lUiltt,  or  Minute*,  in  Navigatio 
are  the  parts  of  tbe  increased  or  enlarged  meridian,  iif  the 
Mercator's  chart.  Tables  of  these  parts  are  found  in 
most  books  of  navigation  ;  and  they  serve  both  for  con- 
structing that  sort  of  charts,  and  for  working  that  kind  of 
navigation. 

Uuder  the  article  McRCAToa's  Chart,  it  is  shown  that 
tbe  parts  of  the  enlarged  meridian  increase  in  proportion - 
as  the  cosine  of  the  latitude  to  radius,  or,  which  is  the 
same  thing,  as  radius  tu  the  secant  of  the  latitude; 

therefore  it  follows,  that  the  whole  length  of  the  enlarged     among  the  Minimi.     He  became  well  skilled  in  Hebre 

nautical  meridian,  from  theequator  to  any  point,   or  la-     philosophy,  and  mathematics.     From  l6l5  to  l6\9, 

titude,  will  be  proportional  to  the  sura  of  all  the  secants     taught  philosophy  and  theology  in  the  convent  of  Nevei 

of  the  several  latitudes  up  to  that  point  of  the  meridian,     and  became  the  superior  of  that  convent'     But  being  d 

And  On  this  principle  was  the  first  table  of  meridional     (irous  of  applying  himselfmorefreclyand  closely  to  stud 

parts  constructed,  by  the  inventor   of  it,  Mr.  Edward     he  resigned  all  the  posts  be  enjoyed  in  his  order,  and  i 

Wright,  and  published  in  1599 ;  via,  he  took  the  meridio-     tired  to  Paris,  where  he  spent  the  remainder  of  his  lifi 

nal  parts  •  '  excepting  some  short  excursions  which  he  occasional 

of  1'  :s  the  sec.  of  l' ;  made  into  Italy,  Germany,  and  the  Netherlands. 

of  2'  =  sec.  of  1'  -1-  sec.  of  6';  Study  and  literary   conversation  were  aAerwards  \ 

of  3'  =  secants  of  1,  2,  and  3  min.  whole  employment.  He  bald  a  correspondence  with  mc 

of  4'  =s  secants  of  1,  3,  3,  and  4  mln.  of  the  learned  men  of  his  time;  being  as  it  were  the  ve 

and  so  on  by  a  constant  addition  of  the  secants.  centre  of  communication  between  litetary  men  of  t 

The  tables  of  meridional  parts,so  constructed, are  per*  countries,  by  the  mutual  correspondence  which  he  m 
baps  exact  enough  for  ordinary  practice  in  navigation ;  naged  between  them ;  being  in  France  what  Mr.  Colli 
but  they  wobld  be  more  accurate  if  the  meridian  were  was  in  England.  He  omitted  no  opportiini^  to  enga^ 
Avided  into  more  or  smaller  parts  than  single  minutes ;  them  to  publish  their  works  ;  and  the  world  is  obliged  1 
and  the  smaller  the  parts,  so  much  greater  the  accuracy,  him  for  several  excellent  discoveries,  which  would  probi 
But,  as  a  continual  subdivision  would  greatly  augment  biy  have  been  lost,  but  for  his  encouragement;  and  c 
tbe  labour  of  calculation,  other  ways  of  computing  such  all  accounts  he  had  the  reputation  of  being  one  of  tl 
•  table  have  been  devised,  and  treated  of,  by  Bond,  Gre-      '    "*  "  '  '"         '  -  ■  ■      ■ 

gpry,  Ougbtrod,  Sir  Jonns  Monr,  Dr.  Wallis,  Dr.  Halley, 
end  others.  Sec  Mercator's  Ouirl,  and  Roberti 
Navigation,  vol.  2,  book  8.  The  best  of  these  methods 
was  derived  from  this  property,  vii.  that  thcmeridia: 
in  R  Mercator's  chart,  n  analogous  to  a  scale  of  logarith- 
mic tangents  of  haK  the  complements  of  the  latitudes ; 
from  which  property  also  a  method  of  computing  the  cases 
of  Mercator's  Sailing  has  been  deduced,  by  Dr.  Halley. 
Vide  ut  stiprn,  also  the  Philos.  Trans,  vol.  46,  pa.  559. 

Tofindthe  AIeridional  Parts  to  any  Spherrnd,  teiili  the     thing  hu  had  done, 
same  ezactnest  at  in  a  Sphere. 

Let  the  semidiameliT  of  thi>  equator  he  to  the  distance  of 
the  centre  from  the  focus  of  the  generating  ellipse,  psnito 
1.  Let  A  represent  the  latitude  for  which  tbe  meridional 
parts  are  required,  and  »  tbe  sine  of  the  latitude,  to  the 
radius  I :  Find  ibc  arc  b,  whose  sine  is  —  ;  take  the  lo- 
garithmic tangent  of  half  the  complement  of  b,  from  ihc 
common  tables  ;  subtract  tbe  log.  tangentfrom  lO'OOOOOOO, 
or  the  log.  tangent  of  45°;  multiply  the  remainder  by 

the  number  7915-7044679,  and  divide  tbe  product  by  though  he  did  not  always  succeed  io  rwolving  them  ;"how. 
ffl;ihea  theifuotienc  subtracted  from  themeridional^rU  ever,  he  at  least  gave  occasion  to  others  to  do  it.  It  is 
in  tbe  sphere,  computed  in  the  usual  manner  for  the  lali-  said  he  invented  the  cycloid,  otherwise  called  the  roulette 
tude  A,  wHI  give  the  meridional  parts,  expressed  in  minutes,  Presently  the  chief  geometricians  of  the  age  engaged  in  th( 
for  tbe  same  latitude  in  the  spheroid,  when  it  is  the  oh-  contemplation  of  this  new  curve,  among  whom  Mersenm 
late  one.  himself  held  a  distingnished  rank.     Aftera  *ery  studioui 

firawpfc.  If  (hm  :  1  :  :  1000  :  22,  then  the  greatest  and  useful  lifc,he  died  atP^risin  l648,a't  60 yearsof  age, 
difference  of  the  meridional  part*  in  the  sphereand  ipheroid  .  Mersenne  was  author  of  nwny  uwAil  works,  particularly 
»  70-0929  minutes;    In  other  cases  it  is  found  by  mul-     the  following; 


s  philosophers,  of'  bis  time. 
■us  in  penetrating  into  tbe  secrets  1 
xiousto  bring  all  the  arts  and  scienci 
s  the  chief  friend  and  literaty  agei 


nature,  nor  r 
D  perfection 

of  Descartes  at  Paris';  giving  him  advice  and  aasii 
all  occasions,  and  informing  htm  of  all  that  passed  s 
Paris  and  elsewhere.  For,  being  a  person  of  unive«( 
learning,  but  particularly  excelling  in  physical  and  roe 
tbcraatical  knowledge,  Deacartes  scarcely  ever  did  an 
'BS  not  perfectly  .sal;tfled  with  an 
vitbout  first  knowing  what  Mersenn 
(ot  of  it.  It  is  even  said,  that  when  Mersenne  gav 
II  Paris,  that  Descartes  was  erecting  a  new  system  c 
physics  on  the  foundation  of  a  vacuum,  and  found  th 
public  very  indifferent  to  it  on  that  very  account,  he  im 
mediately  sent  notice  to  Descartes,  that  a  vacuum  wa 
not  then  the  fiishion  at  Paris  ;  upon  which,  that  philoso 
pher  changed  his  system,  and  adopted  the  old  doctrine  0 

Mersenne  was  a  man  of  good  invention  also  himself 
and  be  had  a  peculiar  talent  in  forming  curious  questions 


y  Google 
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1.  Qitestioiiei  cetaberrintte  in  Gcnesira. 
3,  Hamoniconim  Libri. 
S,  De  Sonorum  Natura,  Causia,  et  ESectibus. 
.  4.  Cogitata  Pfaysico-Matheinatica ;  2  vols.  4lo. 

5.  La  Veritt  des  Sciences. 

6.  Lei  Qiiestiom  inouiea. 

Betides  many  )ette»iii  the  works  of  Detcartes  and  other 
Xlithon. 

Mf^OLABE,  or  MBSOLASidMr  a  mathematical  in- 
strument invented  by  the  ancients,  for  finding  two  mean 
proportionals  mecbanicalty,  ^hich  they  could  not  per- 
form geometrically.  It  consists  of  three  panLllelograms, 
moving  in  a  groove  to  certain  intenections.  Its  figure 
is  described  by  Eutucius,  in  his  Commentary  on  Archi- 
medes.    Seealso  PappQS,  lib.  3. 

METEORIC  Stones,  or  Aerolites,  cerUin  semi-metallic 
maases  which  sometimes  &I1  from  the  atmosphere.  See 
Aerolite. 

METEOROLOGY,  u  thatpart  of  physics  which  treats 
of  the  state  of  the  weather,  and  the  various  phenomena 
of  the  atmoaphere;  such  as  hail,  rain,  snow,'  thunder, 
lightning,  &c.    Which  see  under  the  respective  articles. 

METIUS  (Adriak),  a  nalive  of  Alcmaer,  was  pro- 
fossor  of  mathematics  and  medicine  at  Franf^er,  where 
he  died  in  l6s6.  He  was  author  of  several  mathematical 
works:  as,  I.  DoctrinaSphaerio;  S.  Astronomic  universte 
Institutio,  8vo ;  3.  ArithmeticK  et  Geometricse  practics, 
4to;  4.  De  Gcmino  usu  utriusqnc  Glubi,  4to  ;  5.  Geome- 
trices  per  usum  (^rcini  nova  praxis,  8vo.— "nie  ratio  1 13 
to  SS5,  for  the  diameter  to  the  circumference  of  a  circle, 
is  ascribed  to  this  author. 

METIUS  (Jakes),  brother  to  Adrian  above-mention- 
ed, who  invented  prospective  glasses,  or  telescopes,  one 
of  which  he  presented  to  tbc  States-General,  in  l6op. 
Tubes,  with  several  pipes  had  long  been  used  for  direct- 
ing the  sight  to  distant  objects,  and  rendering  it  more  dis- 
tinct; but  those  tubes  were  vrithout  glasses,  and  it  seems 
it  was  James  Melius  who  firsl  added  them.  The  story 
goes,,  that  he  discovered  'this  method  by  chance,  from 
seang  some  school-boys  playing  on  the  ice,  who  used  the 
covers  of  their  copy-books  for  tubes,  and  having  in  sport 
placed  bits  of  gloss  at  the  ends  of  these  tubes,  were  much 
surprised  to  find,  that  distant  objects,  by  that  means,  ap- 
peared nearer. 

METO,  or  MaTOH,  the  son  of  Pausanias,  a  famous 
'mathematician  of  Athens,  who  flourished  433  yean  before 
Christ.  lathe  first  year  of  the  8Tth  Olympiad,  he  ob- 
served the  solstice  at  Athens  :  and  published  his  Annea- 
decatoridc,  tbat  ia,  his  cycle  of  1$  years  ;  by  which  he 
endeavoured  to  adjust  the  course  of  the  sun  to  that  of  the 
-  Rio^n,  and  to  make  the  solar  and  lunar  years  begin  at  the 
same  point  of  time.     See  Cycle. 

Mbtohic  Cycle,  called  also  the  Golden  Number, 
and  Lunat  Cycle,  or  Cycle  of  the  Moon,  that  which  was 
invented  by  Meton  the  Athenian ;  being  a  period  of  19 
years.     See  Ctcle. 

METOPE,  or  Metopa,  in  Architecture,  the  square 
space  between  the  triglyphs  of  the  Doric  frise ;  which 
among  the  ancients  used  to  be  adorned  with  the  heads  of 
beasts,  bosons,  vases,  and  other  instrumentB  used  in  5a- 

A  I^mp-Meiope  is  a  space  somewhat  less  than  half  a 
metope,  at  the  corner  of  thdDoric  fhie. 

MICHAELMAS,  the  feast.af  St.  Michael  the  archan- 
gel; held  on  the  S^th  of  September.    . 


17  ]  M I  e 

MICROCOUSTICS,  the  same  with  Mickophoku. 

MICRO>MET£R,  is  an  instrument  usuoUy  fitted  to  a 
telescope,  in  the  focus  of  the  object-glws,  for  meaturiua 
small  angles  or  distances ;  as  the  apparent  diameters  M 
the  planets,  &c.  There  are  several  kinds  of  these  instru- 
ments, upon  diSerent  principles;  the  origin  of  which  has 
been  disputed.  The  general  principle  is,  that  the  instra- 
ment  moves  a  fine  wire  parallel  to  itself,  in  the  plane  of 
the  picture  of  an  obj^t,  formed  in  the  focus  of  a  tde- 
scupe,  and  so  with  great  exactness  to  measure  its  perpen- 
dicular distance  from  a  fixed  wire  in  the  some  plane :  and 
thus  are  measured  small  angles,  subtended  by  remote  ob- 
jects Bt  the  naked  eye. 

For  example.  Let  a  planet  be  viewed  through  the  tele- 
scope ;  and  when  the  parallel  wires  are  opened  to  such  a 
distance  as  to  appear  exactly  to  touch  two  opposite  points 
in  the  circumference  of  the  planet,  it  is  evident  that  the 
perpendicular  distance  between  the  wires  is  then  equal  to 
the  diameter  of  the  picture  of  the  planet,  formed  in  the  - 
focus  of  the  object-glass.  Let  this  distance,  whose  mea^ 
sure  is  given  by  the  mechanism  of  the  micrometer,  be  re- 


presented  by  the  line  pq;  then,  since  the^measure  of  the  . 
focal  distance  gL  may  also  be  known,  the  ratio  of  jl  to  fp. 
that  is,  of  radius  to  the  tangent  of  the  angle  qif,  will  give 
the  angle  itself,  by  a  table  of  tangents ;  and  this  angle  is 
equal  to  the  opposite  angle  pdi.,  which  the  real  diameter 
of  the  planet  subtends  at  l,  or  at  the  naked  eye. 

With  respect  to  the  invention  of  the  micrometer ;  Mess. 
Aaout  and  Picard  have  the  credit  of  it  in  common  fame, 
as  being  the  first  who  published  it,  in  the  year  1666;  but 
Mr.  Toijnley,  in  the  Philos.  Trans,  reclaims  it  for  one  of- 
our  own  countrymen,  Mr.  Gascoigne.  He  relates  that, 
from  some  scattered  papers  and  l^etters  of  this  gentleman, 
he  had  learnt  tbat  before  our  civil  wars  he  bad  invented  a 
micrometer,  of  as  much  effect  as  that  since  made  by  U. 
Azout,  and  had  mode  use  of  it  for  some  years,  not  only  in 
taking  the  diameters  of  the  planets,  and  distances  on  land, 
hut  in  determining  other  matters  of  nice  importance  in 
tbe  heavens ;  as  the  moon's  distance,  &c.  Mr.  Goscoigiie's 
instrument  also  fell  into  the  hands  of  Mr.  Towntey,who  says 
further,  t^at  by  the  help  of  it  he  could  make  above  40,000 
divisions  in  a  foot.  This  instrument  being  sbown  lo  Dr. 
Hooke,  he  gave  a  drawing  and  description  of  it,  and  pro- 
posed several  improvements  in  ii;  which  may  be  seen  in 
the  Philos.  Trans,  vol.  1,  pa.  ttS.  Mr.  Gascoigne  divided 
the  image  of  ai)  object,  in  the  focus  of  the  object-glass, 
by  the  approach  of  two  pieces  of  metal,  ground  to  a  very 
fine  edge;  instead  of  whicb.  Dr.  Hooke  would  substitute 
two  fine  faaics.  stretched  parallel  to  each  other :  and  two 
other  methods  of  Dr.  Hooke,  different  from  tbis,  are  de- 
scribed in  his  posthumous  works,  pa.  497,  &c.  An  ac- 
count of  several  curious  obseryationa  which  Mr.  Ga^ 
coigue  made  by  the  help  of  his  micrometer,  particularly 
in  measuring  the  diameter  of  the  moon  and  otber  planets, 
may  be  seen  in  the  Philos.  Trans,  vol.  48,  pa.  ISO ;  where 
Dr.  Bevis  refers  to  an  original  letter  of  Mr.  Gascoigne,  to  . 
Mr.  Ougbtrcd,  written  in  1041,  for  an  accouot  given  by 
the  author  of  his  own  invention,  &c.  , 
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Modi,  LAhire,  in  ft  dncoune  on  the  mn  of  the  inreit- 
tions  of  Ibc  microineter,  peiMiuIoin  clock,  and  telescope, 
read  before  tbe  Royal  Academy  of' Sciences  in  IT^Ti 
makes  M.  Huygen*  the  inventor  of  the  micrometer.  That 
auttinr,  he  obiervw,  in  iiis  Observations  on  Saturn's  Ring,  . 
&c,  published  in  t659,  gives  a  method  of  finding  the 
diameten  of  the  planets  by  means  of  a  tele«»pe,  vi*,  by 
putting  an  object,  wtiich  he  calls  a  tirguta,  of  a  site  proper 
to  take  in  tiie  diitance  to  be  meaiured,  in  tbe  focus  of  the 
convex  object-glass :  in  this  case,  says  be,  the  smallest  ob- 
ject will  be  seen  veiy  distinctly  in  that  place  of  the  glass. 
By  KUch  means,  he  adds,  he  measured  the  diameter  of  the  , 
planets,  as  he  there  delivers  them.  Sec  Huygens's  System 
of  Saturn. 

This  micromeler,  M.  Lafaire  observes,  is  so  very  little 
different  from  that  published  by  the  Marquis  De  Malvasia, 
in  his  Ephemerides,  3  yeara  alter,  that  lliey  ought  to  be 
esteented  the  same:  and  the  micromrter  of  the  marquis 
difierod  yet  less  from  that  published  4  yenrs  after  hjs,  by 
Atuutand  Picnrd.  Hence,  Lahire  concludes,  that  it  is  to 
Huygens  the  world  i*  indebted  for  the  invention  of  the  mi- 
crometer; without  taking  atiy  notice  of  the  claim  of  our 
countryman  Gescoigne,  which  however  b  many  years  prior 
to  any  of tbe m. 

Labire  says,  that  there  is  no  metbod  more  simple  or 
commodious  for  observing  tbe  digits  of  an  eclipse,  than  a 
net  in  the  focus  of  tbe  telescope.  These,  he  says,  were 
usually  made  of  silken  threads;  and  for  this  particular 
purpose  6  concentric  circles  had  also  been  used,  drawn 
upon  oiled  paper:  but  he  advises  to  draw  the  circles  on 
very  thin  pieces  of  glass,  witb  the  point  of  a  diamond. 
He  also  gives  some  pariicuUr  diiections  to  assist  penons 
in  using  them.  In  another  memoir,  he  shows  a.  me- 
thod of  making  use  of  the  same  net  for  all  eclipses,  by 
using  a  telescope  with  two  object-glasses,  and  placing 
them  at  different  distances  from  each  other.  Mem.  1701 
«nd  1717. 

M<  Caisini  invented  a  very  ingenious  method  of  ascer- 
taining the  right  ascensions  and  declinations  of  stars,  by 
fixing  4  cross  hairs  >n  the  focus  of  the  tclesct^e,  and 
turning  it  about  its  axis,  so  as  to  make  them  move  in  a 
line  parallel  to  one  of  them.  But  tbe  later  improved 
micrometers  will  answer  this  purpose  with  greater  exact- 
ness. Dr.  Maskelyue  has  published  directions  for  the 
use  of  it,  extracted  from  Dr.  Bradley's  papers,  in  the 
Philos.  Trans,  vol.  62.  See  also  Smith's  Optics,  vol  2, 
pa.  343. 

U'oltius  describes  a  micrometer  of  a  very  easy  and  simple 
structure,  first  contrived  by  Kirchius. 

Dr.  Derham  tells  us,  that  his  micrometer  is  not  put  into 
a  tube,  as  is  usual,  but  is  contrived  to  measure  tbe  spectres 
of  the  sun  on  paper,  of  any  radius,  or  to  measure  any  part 
of  them.  By  this  means  he  can  easily,  and  very  exactly, 
with  tbe  help  of  a  fine  thread,  lake  the  declination  of  a 
solar  spot  at  any  time  of  the  day ;  and,  by  his  half-seconds 
watch,  measure  tbe  distance  of  tbe  spot  from  either  limb 
vf  the  sun. 

J.  And.  SegncT  proposed  to  enlarge  the  Geld  of  view  in 
these  micrometers,  fay  making  them  of  a  considerable  ex- 
lent,a{)dhavingBmoveableeye-glass,or  several  eye-glasses, 
placed  opposite  to  different  parts  of  it.  He  thought  how- 
ever, that  two  would  be  quite  sufficient,  and  he  gives  par- 
ticular directions  bow  to  make  use  of  such  micrometers 
io  astronomical  observation*.  SeeCoBim.Oouing.vol.  I, 
pa  27. 


A  considerable  improvement  in  the  microtdater  was 
communicated  to  th^  Royal  Society,  in  1743,  by  Mr.  S. 
Savary;  an  account  of  which,  extracted  from  the  minutes 
by  Mr.  Short,  was  published  in  the  Philos.  Trans,  for 
.1753.  The  first  hintOf  such  a  micrometerwas  suggested' 
by  M.  Roeraer,  in  l675 :  and  M.Bouguer  proposed  n  cmi- 
structionsimilar  to  that  of  M.  Savary,  in  I74S;  for  which 
see  Helioheteb.  The  late  Mr.  DoUond  made  a  further 
improvement  in  this  kind  of  micrometer,  an  account  oT 
which  was  given  to  the  Royal  Society  by  Mr.  Short,  and 
published  in  the  Philos.  Trans,  vol.  48.  Instead  of  two 
object-glasses,  he  used  only  one,  which  he  neatly  cut  into 
two  semicircles,  and  itted  each  semicircle  in  a  metal 
frame,  so  that  their  diameters  sliding  in  one  another,  by 
means  of  a  screw,  may  have  their  centres  brought  together 
in  such  a  manner  as  to  appear  like  one  glass,  and  so  form 
one  imag^;  or  by  their  centres  receding,  may  form  two 
images  of  the  same  object :  jt  being  a  property  of  sucn 
glasses,  fur  any  segment  to  exhibit  a  perfect  image  of  an 
object,  though  not  so  brigbt'os  the  whole  glass  would  give 
it.  If  proper  scales  are  fitted  to  this  instrument,  showing 
how  far  the  centres  recede,  relative  to  the  focal  length  of 
the  glass,  they  will  also  ahow  how  far  the  two  parts  of  the 
same  object  are  asunder,  relative  to  its  distance  from  the 
object-glass;  andconsequently  give  the  angle  under  which 
the  distance  of  tlte  parts  of  that  object  are  seen.  His 
divided  object-glass  micrometer,  which  was  applied  by 
the  late  Mr.  Dollond  to  the  object  end  of  a  reflecting  te- 
lescope, and  has  been  with  equal  advantage  adapted  by 
his  son  to  tbe  end  of  an  achromatic  telescope,  is  of  so 
easy  use,  and  affords  so  large  a  scale,  thdt  it  is  generally 
considered  by  astronomers  as  the  most  convenient  and 
exact  instrument  for  measuring  small  angles  in  the  hea- 
vens. However,  the  common  micrometer  is  peculiarly 
adapted  for  measuring  differences  of  right  ascension,  and 
declination,  of  celestial  objects,  but  less  cotivenient  and 
exact  for  measuring  their  absolute  distances;  wbei^as  tbe 
object.f!;lass  micrometer  is  peculiarly  fitted  for  measuring 
distances,  though  generally  supposed  improper  for  the 
former  purpose.  But  Dr.  Maskelyne  has  found  that  this 
may  be  applied  with  very  little  trouble  to  that  puipose 
also;  and  he  has  furnished  the  directions  necessary  to" be 
followed,  when  it  is  used  in  this  manner.  The  addition 
requisite  for  this  purpose,  is  a  cell,  containing  two  wires, 
intersecting  each  other  at  right  angles,  placed  in  tbe  focus 
of  the  eye-glass  of  the  telescope,  and  moveable  about,  by 
the  turning  of  a  button.  For  the  description  of  this  ap- 
paratus, with  the  method  of  applying  and  using  it,  see  Dr. 
Msskelyne's  paper  on  tbe  subject,  in  the  Philos.  Trans. 
*ol.6l,  pa.536,  &c. 

After  all,  the  use  of  the  object-glass  micrometer  is  at- 
tended with  many  d i Hie ul tics,  arising  from  the  alterations 
in  the  focus  of  tbe  eye,  which  are  apt  to  cause  it  to  give 
different  measures  of  the  same  angle  at  different  times.  To 
obviate  these  difficulties.  Dr.  Maskelyne,  in  1776,  con-  - 
tsived  a  prismatic  micrometer,  consisting  of  two  achro- 
matic prisms,  or  wedges,  applied  between  the  object- 
glass  and  eye-glass  of  an  achromatic  telescope,  by  moving 
of  which  wedges  nearer  to  or  farther  frpm  thp  object- 
glass,  the  two  images  of  an  object  produced  by  them  ap- 
peared to  approach  to,  or  recede  from,  each  other,  so  that 
the  focal  length  of  the  object-glass  becomes  a  scale  for 
measuring  the  angular  distance  of  tbe  two  images.  Ths 
rationale  atid  use  of  this  micrometer  are  explained  in  the' 
Philos.  Travis,  vol.  67,  pa.  799,  &c.   And  a  similar  invcif 
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tion  by  the  Abb6  Rocdon,  which  was  afterwards  improved  the  eye,  with  the  power  of  46O,  is  above  a  quarter  of  an 

by  the  Abbe  Boscovicfa,  was  also  communicated  to  the  inch  to  a  second  ;  and  by  putting  on  my  power  of  932>  I 

Royal  Society,  and  published  in  the  Mme  volame  of  the  obtain  a  scale  of  more  than  half  an  inch  to  a  second,  with- 
Tramactions,  pa.789,  &c.  "  *  '-~- 

Mr.Ramsdcn  invented  two  other  micrometers,  which  he 
has  contrived  for  remedying  the  defects  of  the  object- 
glass  micrometer.  One  of  these  is  a  catoptric  microme- 
ter, which,  besides  the  advantage  it  derives  from  tlie  prin- 
ciple of  reflection,  of  not  being  disturbed  by  the  hetero- 
geneity of  light,  avoids  every  defect  of  other  instruments  of  that  reqi 
this  kind,  and  can  have  no  aberration,  nor  any  defect  the  planets 

arising  from  the  imperfection  of  materia,  or  of'execu-  the  diameters  of  the  fixed  statv,  &c." 
tion;  as  the  great  simplicity  of  its  construction  rei|uires  The  micrometer  has  not  only  been  applied  to  tele- 
no  additional  mirrors  or  glasses,  to  those  necessary  fur  scopes,  and  employed  for  astronomical  purposes;  but 
the  telescope;  and  the  separation , of  the  image  being  there  have  been  various  contrivances  for  adapting  it  to 
e&cted  by  the  inclination  of  the  two  specula,  and  not  de-  .  microscopical  observations.      Mr.  Leeuwenhoek's  method 


increasing  the  distance  of  the  micrometer;  whereas 
the  most  perfect  of  jny  former  micrometers,  with  the  same 
instrument,  had  a  scsJe  of  less  than  the  2000th  part  of  an 
inch  to  a  second, 

"  The  measures  of  this  micrometer  are  not  confined  to 
double  stars  only,  but  may  be  applied  to  any  oth«r  objects 
'  accuracy,  such  at  the  diameters  of 
^liites,  the  mountains  of  the  moon. 


pending  on  the  focus  of  a  lens  or  mirror,  any  alteration 
^e  eye  of  an  observer  cannot  affect  the  angle  measured. 
It  has  peculiar  to  itself  the  advantages  of  an  adjustment, 
to  make  the  images  coincide  in  a  direction  perpendicular 
to   that  of  their  motion ;    and  also  of   measuring  the 

diameter  of  a  planet  on  both  sides  of  the  zero ;  which     a  piece  of  fine  silver 
will  appear  no  incoiuiderable  advantage  to  observers  who     a  pin,  and  observing 
know  bow  much  easier  it  is  to  ascertain  the  contact  of     ' 
the  external  edges  of  two  images,  than  their  perfect  coin- 
cidence. 

The  other  micrometer  invented  and  described  by  Mr. 
Ramsden,  is  adapted  to  the  principle  of  refraction.  It  is 
applied  to  ihe  erect  eye-tube  of  ^  refracting  telescope,  and 
is  placed  in  the  conjugate  focus  of  ihe  first  eye-glass,  as 
the  image  is  considerably  magnified  before  it  comes  to  the 
micrometer,  any  imperfection  in  its  glass  will  be  magnified 


mating  the  sin  of  small  objects,  was  by  comparing 
Uiem  with  grains  of  sand,  of  which  1 00  in  a  line  took  upaa 
inch.  These  grains  be  laid  upon  the  same  plate  with  hit 
objects,  and  viewed  them  at  tbe  same  time.  Dr.  Juriu'i 
method  was  similar  to  ibis  ;  for  be  found  the  diameter  of 
by  wrapping  it  very  close  upon 
many  rings  made  an  inch:  and, 
he  used  this  wire  in  the  same  manner  as  Leeuwenhoek 
Bsed  his  sand.  Dr.  Hooke  used  to  look  upon  the  magnified 
object  with  one  eye,  while  at  the  same  time  he  viewed  other 
obje9ta,  placed  at  the  same  distance,  with  the  other  eye. 
In  this  manner  be  was  able,  by  the  help  of  a  ruler,  divided 
iuto  inches  and  small  parts,  and  laid  on  the  pedestal  of 
the  microscope,  as  it  were  to  cast  the  magnified  appear- 
ance of  the  object  upon  the  ruler,  and  thus  exactly  to 
measure  the  diameter  which  it  appeared  to  have  thi«ugh 


miy  by  the  remaining  eye-glasses,  which  in  any  telescope  the  glass  ;  and  tfais  being  compared  with  the  diameter  as. 

seldom  exceeds  5  or  6  times ;  and  besides,  the  siie  of  the  it  appeared   to  the  naked   eye,   easily    determitied  the 

micrometer  glass  wilt  not  be  the  JOOth  part  of  the  area  degree  in  which  it  was  magnified.     A  little  practice,  saya 

which  would  be  necessary,  if  it  were  placed  at  the  object-  Mr.  Baker,  will  render  this  methj>d  exceedingly  easy  and 

glass ;  and  yet  the  same  extent  of  scale  is  preserved,  and  pleasant. 

-the  images  are  uniformly  bright  in  every,  part  of  the  field  Mr.  Martin,  in  his  Optics,  recomnxnds  such  a  mi- 

of  the  telescope.  _  See  the  description  and  constructiAi  of  crometer  for  a  microscope  n  bad  been  applied  to  tb- 

these  two  micrometers  in  thePfailos. Trans. vol.  69) pAt^S)  (escapes;  for  he  advises  to  disw  a  number  of  parallel 

art.  27.  -lines  on  a  piece  of  glass,  with  the  fine  point  of  a  dis- 

In  vol.  72  of  the  Philos-  Trans,  for  the  year  1783,  Dr.  mond,  at  the  distance  «f  one  46th  of  an  inch  from  one 
Herschel,  after  explaining  the  defects  and  imperfections  another,  and  to  place  it  in  the  focus  of  the  eye-glass, 
of  the  parallel-wine  micrometer,  especially  for  measuring  By  this  me^od.  Dr.  SiAith  contrived  to  take  the  exact 
tlie  apparent  diameter  of  stars,  and  tbe  distances  between  ;draught  of  objects  viewed  by  a  double  microscope  ;  for 
double  and  multiple  stars,  describes  one,  for  these  pur-  this  purpose  he  advises  the  observer  to  get  a  lattice,  made 
poses,  which  he  calls  a  lamp  micrometer ;  one  that  is  free  <with  small  silver  wires  or  squares,  drawn  upon  a  plain, 
from  such  defects,  and  has  the  advantage  of  a  very  en-  glass  by  the  strokes  of  a  diamond,  and  to  put  it  into  tbe 
larged  scale.  In  speaking  of  the  application  of  Ibis  instru-  place  of  the  image  formed  by  the  object-^ass.  Then,  by 
ment,  he  says,  "  It  is  well  known  to  opticians  and  others,  transferring  the  parts  of  the  object,  seen  in  tbe  squares  of 
who  have  been  in  tbe  habit  of  using  optical  instrum«its,  the  glass  or  lattice,  upon  similar  corresponding  squares 
that  we  can  with  one  eye  look  into  a  microscope  or  tele-  drawn  on  paper,  the  picture  may  be  exactly  taken.  Mr. 
scope.and  see  an  object  much  magnified,  while  the  naked  Martin  also  introduced  into  compound  microscopes  aa- 
eye  may  sec  a  scale  upon  which  the  magnified  picture  is  Atber  micrometer,  consisting  of  a  screw.  See  both  these 
thrown.  In  this  manner  I  have  generally  determined  the  methods  described  in  his  Optics,  pa.  277> 
power  of  my  telescopes ;  and  any  one  who  has  acquired  A  very  accurate  division  of  a  scale  is  performed  by  Mr, 
a  facility  of  taking  such  observations,  will  very  seldom  Coventry,  of  Southwark.  The  micrometetv  of  his  con- 
mistake  so  much  as  one  in  50  in  determining  tbe  power  of  struction  are  parallel  lines  drawn  on  glass,  ivory,  or  .me- 
an instrument,  and  that  degree  of  exactness  is  fully  Buffi-  tal,  from  the  lOlh  to  the  I0,000th  part  of  an  inch.  These 
cient  for  the  purpose.  may  be  applied  to  microscopes,  for  measuring  the  size  of 

"  The  Newtonian  form  is  admirably  adapted   to  tbe  minute  objects,  and  the  magnifying  power  of  the  glasses; 

use  of  this  micrometer; 'for  the  observer  stands  always  and  to  telescopes,  for  measuring  the  siae  and  distance  of 

erect,  and  looks  in  a  horisontal  direction,  notwithstanding  objects^nd  the  magnifying  power  of  tbe  instrument    To 

the  telescope  should  be  elevated  to  the  aenith. — The  scale  measure  the  size  of  an  object  in  a  single  microscope;  lay 

ofthc  micrometerat  the  convenient distancBof  10  feet  from  it  on  a  micrometer,  whose  iines  arc  seen  magnified  in  the 

Vol.  II.                          ■  ■                       H 
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smme  fitopoTtioB  willi  it,  Knd  they  will  ^*«  «t  one  view  the  by  ZBchariu  Jsinen  and  hit  ton,  who  pment«d  the  fine 

real  tise  of  the  object.     For  meaauring  the  magnirying  microscopei  they  had  constructed  to  prince  Muincc,  snd 

power  of  the  CNupoand  microscope,  the  best  and  readiest  to  Albert  arch-dukc  of  Austria.     William  Bordli  «bo 

method  is  the  following :  On  the  stage  in  the  focua  of  the  gives  this  account  in  a  letter  to  bis  brolher  Peter,  tays, 

object-glass,  lay  a  micrometer,  consisting  of  an  inch  di-  that  when  be  was  ambassador  in  England,,  in  1619  Cor- 

Tided  into  100  equal  parts ;  count  how  many  divisions  of  nelius  Drebell  showed  biro  a  microscope,  which  he  said 

the  micToineter  are  taken  into  the  field  of  view;  then  lay  was  the  same  that  the  archduke  had  given  him,  aad  hac 

a  two^oot  rule  paratlet  to  the  micrometer :  fix  one  eye  on  heeo  made  by  Jansen  himself.     Borclli  Dc  vera  Tele- 

theedgeof  the  field  of  light,  and  the  other  eye  on  the  end  scopii  inventore,  pa.  35,  also  on  the  Microscope.    Sa 

of  the  rule,  which  move,  till  the  edge  of  the  field  of  light  Lens. 

and  the  end  of  the  rule  correspond;  then  the  distance  TKeoty  and  Fouxdaf ion  t;^  Microscopes. 

from  the  end  of  the  rule  to  the  middle  of  the  stage,  will         If  an  object  be  placed  in  the  focus  of  the  conrex  len 

be  half  the  diameter  of  the  field  :  ex.  gr.     If  the  distance  of  a  single  microscope,  and  the  eye  be  very  near  on  lh< 

be  10  inches,  the  whole  diameter  will  be  20,  and  the  other  side,  the  object  will  appear  distinct  iti  an  ertc 

number  of  the  diviijons  of  the  micrometer  contained  in  situation,  and  be  magnified  in  the  rario  of  the  focal  dii 

the  diameter  of  the  field,  is  the  magnifying  power  of  the  tance  of  the  lens,  to  the  ordinary  distance  of  distinct  vi 

microscope.     For  measuring  the  height  and  distance  of  sion,  vie,  about  8  inches.     So,  if  the  i.- 

objects  byaroicrometer  in  the  telescope,  see  Telescope,  object  ab  be  pla.ccd  in  the  focus  f,  of 

Mr.  Adams  has  applied  a  micrometer,  that  shows  im-  a  small  glass  sphere,  and  the  eye  bo- 

mediately  the  magnifying  power  of  any  telescope.  hind  it,  as  in  the  focus  o,  tlie  object 

lo  the  Philos.  Trans.  &r  IZdliti  very  ainiple  scale  mi*  will   appear  distinct,  and  in  an  erect 

Crameter  for  measuring  small  angle*  with  the  telescope  b  posture,  its  diameter  being  increased 

described  by  Mr.  Cavallo.     This  micrometer  consists  of  a  in  the  ratio  of  ^  of  the  diameter  xi  to  8 

diin  and  narrow  slip  of  mother-of-pearl  finely  divided,  and  inches.     If,  ex.  gr.  the  diameter  si  of 

placed  in  the  focus  of  the  eye-glass  of  a  telescope,  just  thesmall  sphere  be  ^of  an  inch  ;  then 

where  the  image  of  the  object  is  formed  ;  whether  the  te*  CK  ^-i^  and  fs  =  jce.=i  ^,  so  that 

lescope  is  a  reflector  or  a  refractor,  provided  the  eyeglass  cv  ^  ^ ;  then  as  ^ :  8,  or  as  3  :  320, 

be  a  convex   lens.     This  substance  Mr,  Cavallo,  after  or  at  i  1  I06f  ; :  the  natural  size  to  the  magnified  appea 

many  trials,  found  much  more  convenient  than  either  ance;  in  which  case,  the  object  is  magnified  about  It 

glass,  ivory,  horn,  or  wood,  as  it  is  a  very  steady  ■ubttance,  times. 

the  divitioni  very  eaty  marked  upon  it,  and  when  made  as         Hence  the  smaller  the  spherule  or  the  lens  is,  so  mui 

thia  at  common  writing-paper  it  has  a  very  useful  degree  the  more  is  the  object  magnified.     But  then,  so  much  tl 

of  tranaparency.  leas  part  is  comprehended  at  one  view,  and  so  much  t 

On  this  subject,  tee  M,  Aaoufs  Tnct,  contained  in  less  distinct  is  the  appearance  of  the  object.— Equal  a 

Divert  Ouvrages  de  Mathematique  et  de  jphisique;   par  pearances  of  the  same  object,  formed  by  different  com) 

Measieurs  de  I'Acadeiaie  Royal  dea  Sciences;  M.  de  la  nations,  become  obscure  in  proportion  as  the  number 

Hire's  AstronomicBTabuls;  Mr.  Townley,  in  the  Philos.  rays  constituting  each  pencil  decreases,  that  is,  in  propi 

Traas.  No.  31 ;  Wolfioa,  in  bis  Elem.  Astron.  S  508  ;  Dr.  tion  to  the  smallness  of  the  object-gtats.    Therefore,  if  I 

Ho^e,  and  many  others,  in  the  Philos. Trans.  No.  39,  &c;  diameter  of  the  object-glass  exceeds  the  diameter  of  t 

Hevelius,  in  the  Acta  Emditorum,  ann,  17O8;  Mr.  Bal-  pupil,  as  many  times  as  the  diameter  of  the  appearar 

■haser,  in  his  Micrometria;  also  several  volumes  of  the  exceeds  the  diameter  of  the  object;  the  appearance  w 

Parts  Memoirs,  &c.  be  as  clear  and  distinct  as  the  object  itself. 

MICROPHONES,  instruments  contrived  to  magnify         Bnt  the  diameter  of  the  object-glass  cannot  be  so  id u 

MBiall  toonds,  as  microscope^  do  small  objects,  increased,  without  increasing  at  the  same  time  the  fo 

MICROSCOPE,  an  optical  instrument,  composed  of  distances  of  all  the  glasses,  and  consequently  the  length 

lenses  or  mirron,  by  means  of  which  small  objects  are  the  instrument:  otherwise  the  rays  would    &II  too'  1 

made  to  appear  larger  than  they  do  to  the  naked  eye.  liquely  on  the  eye-glass,  and  the  appearance  become  c 

MiCUDSCOPBi  are  diitingoished  into  simple  and  com-  fused  and  irregular, 
pound,  or  single  and  double.  There  are  several  kinds  of  single  microscopes;  of  wh 

Sinqilt,  or  Single  Mickobcofes,  are  such  u  consist  of  the  following  is  (he  most  simple,     ab  (plate  22,  fig. 

a  single  lens,  or  a  single  tpherule.     And  a  is  a  small  tube,  to  one  end  of  which,  bc,  it  fitted  a  pi 

Con^nuHd  Mickoscopk  consists  of  several  lenses  pro-  glass;  and  to  this  any  object,  as  a  gnat,  the  wing  of  an 

perly  combined. — As  optics  have  been  improved,  other  sect,  or  the  like,  is  applied;  to  the  other  end  ad,  t 

varieties  have  been  contrived  in  this  instrument:  Hence  proper  distance  from  the  object,  is  applied  a  lens,  con 

reflecting  microscopes,  water  microscopes,  Sec.     It  is  not  on  both  sides,  of  about  an  inch  in  diameter :   the  pi 

certainly  known  when,  or  by  whom,  microscopes  were  first  glass  is  turved  to  the  sun,  or  the  light  of  a  caudle,  and 

invented;  though  it  is  probable  they  would  soon  follow  oh  object  is  seen  magnified.     And  if  the  tube  bc  made 

the  use  of  telescopes,  since  a  microscope  is  like  a  telescope  draw  out,  lenses  or  segments  of  different  spheres  may 

inverted.  We  are  informed  by  Huygcns,  that  one  Drebell,  used, 
s  Dutchman,  bad  the  first  microscope,  in  the  year  16^1, 
and  that  be  was  reputed  the  inventor  of  it:  though  F. 
Fontaoa,  a  Neapolitan,  in  l646,  claims  the  invention  to 
bimsrif,  and  dates  it  from  the  year  16I8.  Be  this  as  it 
nay,  it  seemt  they  were  first  used  in  Germany  about 


Again,  alens,  convex  on  both  sides,  is  inclosed  in  ft 
AC  (fig. -2),  and  held  there  by  the  screw  u.  Through 
stem  or  pedestal  co  passes  a  tong  screw  ef,  carryii 
stile  Or  needle  eq.  In  b  is  a  small  tube;  on  which, 
the  point  o,  the  various  objects  are  to  be  dispo 


lOSI ;  aad  according  to  Peter  BorelU,  they  inn  invented    Thus,  lenses  of  variotis  spheres  may  be  appUed. 
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A  good  Bimple  inslrument  of  thi>  kind  ii  Mr.  Wibon's 

pocket  microscope,  which  has  9  different  magnifying 
glasses,  8  of  which  tnay  be  uted  with  two  difFerent  instru- 
menis,  for  the  better  applying  them  to  various  objects. 
One  of  these  instruments  is  represented  at  aasb  (Gg.  3), 
which  is  made  either  of  brass  or  ivory.  There  are  three 
thin  brass  plates  at  e,  and  a  spiral  spring  h  of  steel  wire 
within  it:  to  one  of  the  thin  plates  of  brass  is  fixed  a  piece 
of  leather  P,  with  a  small  furrow  o,  both  in  the  leather, 
and  brass  to  which  it  Is  fixed  :  in  one  end  of  this  inslni- 
mt-nt  there  is  'a  long  strew  i>,  with  a  convex  glass  c,  placed 
at  the  end  it;  at  the  other  end  of  the  instrument  there  is 
a  hollow  screw  oo,  in  which  any  of  the  magnifying  glasses, 
Jf,  are  screwed,  when  they  are  to  be  made  use  of.  The  9 
different  magnifying  glasses  are  all  set  in  ivory,  9  of  which 
are  set  in  the  manner  expressed  at  k.  The  greatest  mag- 
nifier is  marked  upon  the  ivory,  in  which  it  is  setj  num- 
ber 1,  the  next  number  2,  and  so  on  to  member  8 ;  the 
9th  glass  is  not  marked,  but  is  set  in  the  manner  of  a  little 
barrel  box  of  ivory,  as  at  (.  At  wis  a  flat  piece  of  ivory, 
of  which  there  are  8  belonging  to  this  sort  of  microscopes 
(ihough  any  one  who  has  a  mind  to  keep  a  register  of  ob- 
jects may  have  as  many  of  them  as  he  pleases)  ;  in  each  of 
them  there  are  3  holes^,  in  which  3  or  more  objecis  are 
placed  between  two  thin  glasses,  or  talcsi  when  they  are  to  . 
be  used  with  the  greater  magnifiers. 

The  use  of  this  instrument  aabb  is  as  follows :  A  han- 
die  w,  from  fig.  4,  being  screwed  upon  the  button  s,  take 
one  of  the  flat  pieces  of  ivory  or  sliders  ee,  and  slide  it  be- 
tween the  two  thin  plates  of  brass  at  E,  through  the  bod^ 
of  the  microscope,  so  that  the  object  to  be  viewed  be  just 
in  the  middle ;  observing  to  put  that  side  of  the  piale  ee, 
where  the  brass  rings  are,  farthest  from  the  end  aa  :  then 
screw  into  the  hollow  screw,  oo,  the  3d,  4th,  5th,  6tfa,  or 
7th  magnifying  glass  u ;  which  being  done,  put  the  end 
AA  close  to  your  eye,  and  while  looking  at  the  object 
through  the  raagnifytng  glass,  screw  in  'or  out  the  long 
screw  D,  and  this  moving  round  upon  the  leather  r,  held 
tight  to  it  by  the  spiral  wire  u,  will  bring  the  object  to  the 
trae  distance;  which  may  be  kDOwn  by  seeing  it. clearly 
and  distinctly. 

Thus  may  be  viewed  all  transparent  objects,  daati,  li- 
quids, crystals  of  salts,  small  insects^  such  as  fleas,  mites, 
etc.  If  they  be  insects  that  will  creep  avray,  or  such  ot>: 
jecta  as  are  to  be  kept,  they  may  be  placed  between  the 
■wo  register  glasses//.  -For,  by  taking  out  the  ring  that 
keeps  in  the  glasses//,  where  the  object  lies,  they  will  fall 
out  of  themselves  ;  so  the  object  may  be  laid  between  the 
two  hollow  sides  of  them,  and  the  ring  put  in  again  as  be- 
fore; hut  if  the  objects  b«  dusts  or  liquids,  a  small  drop  of 
the  liquid,  or  a  little  of  the  dust  laid  on  the  outside  of  the 
glass//,  and  applied  as  before,  will  besee«  very  easily. 

As  to  the  1st,  9d,  and  3d  magnifying  glasses,  being 
marked  with  a  -i-  upon  the  ivory  in  which  they  are  set, 
they  are  only  to  he  used  with  those  plates  or  sliders  that 
are  also  marked  with  a  -t-,in  which  tbe  objects  are  placed 
between  two  thin  talcs ;  because  the  thickness  of  the  glasses 
in  the  other  plates  or  sliders,  hinders  the  object  from  ap- 
proaching to  the  true  distance  from  these  greater  magni- 
fiers. But  the/  manner  of  using  them  is  the  same  with 
the  former. 

For  viewing  the  circulation  of  the  blood  at  the  extremi- 
ties of  the  arteries  and  veins,  in  the  transparent  parts  of 
fishes'  tails,  Stc,  there  are  two  glass  tubes,'a  larger  and  a 
smaller,  as  expressed  at  gg,  into  which  the  animal  is  put. 


When  thcM  tnbet  an  to  be  used,  torn  the  end  screw  d  im 
the  body  of  the  microicrope,  until  the  tube  j[f  cfin  be  easily 
received  into  that  little  cavity  e  of  the  brass  plate  ^ten-  ' 
ed  to  the  leather  r  under  the  other  two  thin  plates  of  brass 
at  E.  When  the  tail  of  the  fish  lies  flat  on  the  glass  tube, 
set  it  opposite  to  the  magnifying  glass,  and  bringing  it  to 
the  proper  distance  by  screwing  in  or  out  the  end  screw 
D,  and  you  will  then  clearly  perceive  the  circulation  of 
the  blood. 

To  view  the  blood  circulating  in  the  foot  of  a  frog; 
choose  such  a  frog  as  will  just  go  into  the  tube;  then  with 
a  little  stick  expand  its  hinder  foot,  which  apply  close  to 
the  side  of  the  tube,  observing  that  no  part  of  the  fr<^  hin- 
ders the  light  from  coming  on  its  foot;  and  when  it  is 
brought  to  the  proper  distance,  by  means  of  the  screw  d, 
the  rapid  motion  of  the  blood  will  be  seen  in  its  vessels, 
which  are  very  numerous,  in  the  transparent  thin  mem- 
brane pr  web  between  the  toes.  For  this  object,  the  4th 
and  5th  magnifiers  will  do  very  well ;  but  the  circulation 
may  be  seen  in  the  tails  of  water-newts  in  the  6th  and  7lfa 
glasses,  because  the  globules  of  the  blood  of  those  newts, 
are  as  large  a^n  as  the  globules  of  the  blood  of  frt^  or 
small  fish,  as  has  been  remarked  in  No.  380  of  the  Phir 
los.  Tians.  pa.  1184. 

Xbe  circulation  cannot  ^o  well  be  seen  by  the  1st,  2d, 
and  3d  magnifiers,  because  the  thtcktiess  of  the  glass  tube, 
containing  the  fish,  binders  the  approach  of  the  ohiecL  to 
the  fpcus  of  the  magnifying  glass.  Fig.  4  is  another  iuittu- 
ment  far  this  purpose. 

In  viewing  objects,  one  ought  to  be  careful  not  to  hin^  ' 
the  light  from  falling  upon  them  by  the  hat,  hair,  or  any 
other  thing,  especially  in  looking  at  opaque  objects;  tot 
nothing  can  be  seen  with  the  best  of  glasses,  nnless  the  ob- 
ject be  at  a  due  distance,  with  a  sufficient  light.  The  heat 
lights  for  the  plates  or  sliders,  when  the  object  lies  between 
the  two  glasses,  is  a  clear  sky-light,  or  where  the  sun  shines 
on  something  white,  or  the  refjectimi  of  the  light  from  a 
looking-glass.  The  light  of  a  candle  is  also  very  proper 
for  viewing  small  objects,  though  it  be  a  little  uneasy  to 
those  who  are  not  practised  in  tjie  use  of  microscopes. 

lb  cau  imall  Qbu*  Sphavietjiir  Mickoscopes. — There 
are  several  methods  for  this  purpose.  Uartsoeker  first  im* 
proved  single  microscopes  by  uung  small  globules  of  ^ass, 
melted  in  the  Same  of  a  candle ;  by  which  he  discovered 
theaniraalculs  in'semine  maaeulino,  and  thereby  laid  tha 
foundation  of  a  new  system  of  generation.  Wolfius  d» 
scribes  the  following  method  of  making  such  globules  :  A 
s [hall  piece  of  very  fineglass,sticking  to  the  wet  point  of  a 
■teel  needle,  is  to  be  applied  to  the  extreme  blueish  part  of 
the  flame  of  a  lamp,  or  rather  of  spirits  of  wine,  which  will 
not  black  it ;  being  there  melted,  and  run  into  a  small 
round  drop,  it  is  to  be  removed  from  the  fiame,  on  which 
it  instantly  ceases  to  be  fluid.  Then  folding  a  thin  plate 
of  brass,  and  making  very  small  smooth  perforations,  so 
as  not  to  leave  any  roughness  on  the  surfaces,  and  also 
smoothing  them  over  to  prevent  any  glaring,  fit  the  sphe- 
rule between  the  plates  against  the  apertures,  and  put  the 
whole  in  a  frame,  with  objects  convenient  for  observation. ' 

Mr.  Adams  gives  another  method,  thus:  Take  a  piece 
of  fine  window-glass,  and  rase  it,  with  a  diamond,  into  as 
many  lengths  as  you  think  needful,  not  more  than  l-Sth 
of  an  inch  in  breadth  ;  then  holding  one  of  those  Irngtht 
between  the  fure-finger  and  thumb  of  each  hand,  over  a 
very  fjre  Same,  til)  the  glass  begins  to  soften,  draw  it  out 
till  it  be  as  fine  as  a  hair,  and  break;  then  applyii^  each 
H  2 
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ol' the  ends  into  the  pure«t|«n  of  the  flame,  yov  prnently  too  great;  and,  the  focas  being  at  K,  let  it  be  to  disposed 
have  two  spheres,  which  may  be  made  greater  or  !ets  at  behiod  the  object,  that  cf  :  cl  :  :  CL  :  ck.  Lastly  sup- 
pleasure  :  if  th^  remain  long  in  the  fknw,  they  will  huve  pose  lk  :  Lii  :  :  lh  :  u.  If  then  o  be  the  place  where 
■pots ;  lo  that  they  must  be  drawn  out  immediately  after  xa  object  is  seen  distinct  with  the  naked  eye ;  the  eye 
&ay  are  turned  round.  Break  the  stem  off  as  near  the  in  this  cast;,  being  placed  in  i,  will  see  ihe  object  ab 
globule  as  possible ;  and,  lodging  the  remainder  of  the  distinctly,  in  an  inverted  potitioD,  aiid  magnified  in  (he 
stem  between  the  plates,  by  drilling  the  hole  exactly  compound  ratio  of  mk  »  lc  to  lk  x  co;  as  is  proved 
round,  all  the  protuberances  are  buried  between  the  by  the  laws  of  dioptrics  ;  that  is,  the  image  is  larger  than 
plates  ;  and  the  microscope  performs  to  admiration.  the  object,  and  we  arc  able  to  view  it  distinctly  at  a  less 

Ur.  Butterfield  gave  another  manner  of  making  these  distance.     For  examp1e-«lf  the  image  be  SO  times  larger 

globules,  in  No.  I4I  of  Philos.  Trans,  than  the  object,  and  by  the  help  of  the  eye-gtasi  we  are 

In  any  of  these  ways  may  the  spherule*  be  made  much  able  to  view  it  5  times  nearer  than  we  could  have  dune 
smaller  than  any  lens  ;  so  that  the  best  single  microscopes,  with  the  naked  eye,  it  will,  on  both  these'  accounts,  be 
or  such  as  magnify  the  most,  are  made  of  them.  Leeuwen- 
hoeck  and  Musichenbroek  have  succeeded  very  well  in 
spherical  microscopes,  and  their  greatest  magnifiers  en- 
lugcd  the  diameter  of  an  object  about  l60  timet ;  Philos. 
Trans,  vol.  7,  pa.  139,  and  vol.  8,  pa.  ISI.  But  the  small- 
est globules,  and  consequently  the  highest  magnifiers  for  object-glastesof  various  spheres,  sobs  that  both  the  enure 
microscopes,  were  made  by  F.  de  Torre  of  Naples,  who,  objects,  but  less  magnified,  and'lheir  several  parts,  much 
in  17^5,  sent  four  of  them  to  the  Royal  Society.  The  more  magnified,  may  be  viewed  through  ihc  same  micro- 
latest  of  them  was  only  two  Paris  points  in  diameter,  and  scope.  In  which  case,  on  account  of  the  different  distance 
inignified  a  line  640  times;  tbesecond  was  tbesiseof  one  oftbcimage,  the  tube  in  which  the  lenses  are  fitted  should 
Paris  point,  and  magnified   ISSO'timesi  and  the  3d  no  be  made  to  dr&w  out. 

more  than  half  a  Paris  point,  or  the  IMth  part  of  an  inch         3.  Sinceit  is  proved,  that  the  distance  of  the  image  le, 

in  diameter,  and  magnilled  2560  times.'    But  since  the  from  the  object-glass  re,  will  be  greater,  if  another  lens, 

'  ftfcus  of  a  glass  globule  is  at  the  distance  of  ona-4th  of  its  concave  on  bolh  sides,  be  placed  before  its  focus;  it  fol* 

diameter,  and  therefore  that  of  the  3d  globule  of  de  Torre,  lows,  that  the  object  ^ill  be  magnified  the  more,  if  such 

above  mentioned,  only  the  576th  part  of  an  inch  distant  a  lens  be  here  placed  between  the  object-glass  de,  and  the 

from  theohject,  it  must  he  with  the  utmost  difficulty  that  eye-glass  ok.    Such  a  microscope  is  much  commended  by 

globules  to  minute  as  those  can  be  employed  to  any  pur-  Conradi,  who  used  an  object-lens,  convex  on  both  sides. 


■oagnified  5  times  80,  or  1 00  times. 
Laiet  qf  Double  Mic 

1.  The  more  an  object  is  magnified  by  the  microscope, 
the  less  is  its  field,  i.e.  the  lets  of  it  is  taken  in  at  one  view. 

2.  To  the  tamt  eye-glass  may  be  successively  applied 


pose ;  and  Mr.  Baker,  to  whose  examination  they  were  re- 
ferred, considers  them  as  matters  of  curiosity  rather  than 
ofrealuse.  Philos.  Trans,  vol.55,  pa.  2*6,  vol.56,  pB.67. 

Wiuer  Microscope.  Mr.  S.  Gray,  and,  after  him, 
WolGui  and  others,  have  contrived  water  microscopes, 
consisting  of  spherules  or  lenses  of  water,  instead  of  glass 


whose  radius  was  2  digits,  its  aperture  equal  to  a  mustard- 
teed  ;  a  lens,  concave  on  both  sides,  from  1 2  to  1 6  digits ; 
and  an  eye-glasi,  convex  on  both  sides,  of  6  digits. 

4.  Since  the  image  is  projected  to  the  greater  distance, 
the  nearer  another  lens,  of  a  segment  of  a  larger  sphere,  it 
brought  to  the  object-glass ;  a  microscope  may  be  c 


But  since  the  distance  of  the  focus  of  a  lens  or  sphere  of    posed  of  three  lenses,  which  will  magnify  to  a  prodigious 
water  is  greater  than  that  in  one  of  glass,  the  spheres  of    extent. 


which  they  are  segments  being  the  same,  consequently  wa- 
ter microscopes  magnify  less  than  those  of  glass,  and  there- 
fore are  less  esteemed,  Mr.  Gray  first  observed,  that  a 
small  drop  or  spherule  of  water,  held  to  the  eye  by  candle- 
light or  moon-light,  without  any  other  apparatus,  magni- 
fied the  animalcules  contained  in  it,  vastly  more  than  any 
other  microscope.  The  reason  is,  that  the  rays  coming 
from  the  interior  surface  of  the  liret  hemisphi 
fleeted  so  as  to  fall  under  ' 
of  the  hinder  hemisphere,  i 

if  they  came  from  the  focus  of  the  spherule;  whence  they 
are  propagated  to  the  eye  in  thesame  manner  as  if  the  ob- 
jectii  were  placed  without  the  sphernle  in  its  focus. 

Hollow  glass  spheres  of  about  half  an  inch  diHineter, 
Alli'd  with  spirit  of  wine,  are  often  used  for  micioscupes ; 
but  they  do  not  magnify  near  to  much. 

Theory  of  Chmpomtd  or  Double  Microscofes.— Sup- 
pose an  object-glass  ed,  the  segment  of  &  very  small 


sphere,  and  the  object  ab  placed  wiihout'the  focus  f. 
Suppose  au  eye-glass  oh,  convex  on  both  sides,  and  the 
*  a  sphere  greater  than  that  of  de,  though  not 


5.  From  these  considerations  it  follows,  that  the  object 
will  be  magnified  the  more,  as  the  eye-glass  is  the  segment 
of  a  smaller  sphere ;  but  the  field  of  vision  will  be  the 
greater,  as  the  same  is  a  segment  of  a  larger  sphere. 
Therefore  if  two  eye-glasses,  the  one  a  segment  of  a  larger 
sphere,  the  other  of  a  smaller  one,  be  so  com  bined,  at  that 
the  object  appearing  very  near  through   them,  i.e,  not 
farther  distant  than  the  focus  of  the  first,  be  yet  distinct ; 
angle  on  the  surCiice     thu  object,  at  the  same  time,  will  be  vastly  magnified,  and 
hich  the  eye  is  applied,  as     the  field  of  vision  much  greater  than  if  only  one  lens  was 
"         '        '  '  '  used;  and  the  object  will  be  still  more  magnified,  and  the 

field  enlarged,  if  both  the  object-glass  and  eye  glass  be 
double.  But  because  au  object  appears  dim  when  viewed 
through  so  many  glasses,  part  of  the  rays  being  nfiected 
in  passing  through  each,  it  is  not  advisaable  greatly  to  ■ 
multiply  glasses;  so  ihaj,  among  compound  .-nicroscopes, 
ihe  best  are  those  which  consist  of  one  object-glass  and 
two  eye-glasses.  ' 

Dr.  Hooke,  in  the  preface  to  his  Micrography,  says, 
that  in  most  of  bis  observations  he  used  a  microscope  of 
this  kind,  with  a  middle  eye-glass  of  a  considerable  diame- 
ter, wbcn  he  wanted  to  see  much  of  the  object  at  one  view, 
and  took  it  out  when  he  would  examine  the  small  parts 
of  an  ol^ect  more  accurately ;  fur  the  fewer  refractions 
there  are,  the  more  light  and  clear  the  object  appears. 

For  a  miscroscope  of  three  lenses  Dc  Chale*  lecom- 
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lae&ds  an  objecC-jjIaH  of  j-  or  j  of  a  digit ;  and  th«  &nt 
eye-glass  be  niUiea  2  or  2i  digits ;  and  ihe  distance  be- 
tw<^n  [he  objecc-glast  and  eye-glass  ubout  20  lines.  Coa- 
radi  had  an  excrllent  mi^c  rose  ope,  whose  ol^ect-glast  was 
hulf  u  d^ic,  and  the  two  eye-glas»es  (which  were  placed 
very  near)  4  digits  ;  l^ul  it  aiiswereit  best  when,  instead  of 
the  object-glass,  he  used  two  gkssus,  convex  on  both  sides, 
their  spheie  about  a  digit  and  a  half,  and  at  most  2,  aad 
their  coovexitits  touching  each  other  within  the  spaCe  of 
half  a  liiie.  Eustachio  Divini,  instead  of  an  object-glass 
convex  on  both  sides,  used  two  plano-convex  lenses,  whose 
conve:iilies  touched.  Grindeli  did  the  same ;  only  that 
the  convexities  did  not  quite  touch.  Zahnius.  made  a 
binocular  microscope,  with  which  both  eyes  were  used. 
But  the  most  commodious  double  microscope,  it  is  said, 
is  that  of  our  countryman  Mr.  Marshal ;  though  tome  im- 
provement was  made  in  it  by  Mr.  Culpepper  and  Mr. 
Scarlet.     Tl)ese  are  exhibited  in  dgures  5  and  6. 

It  is  observed,  that  com'pound  microscopes  sometimes 
exhibit  a  fallacious  appearance,  by  representing  convex 
objects  concave,  and  vice  versa.  Philos.  Trans.  No.476, 
pa.  38?. 

To  fit  microscopes,  as  well  as  telescope*,  to  short-sighted 
eyes,  the  object-glass  and  the  eye-glass  must  be  placed  a 
little  nearer  together,  so  thai  the  rays  of  each  pencil  may 
Dot  emerge  parallel,  but  may  fall  diverging  upon  the  eye. 
Reflecting  Microscope,  is  that  which  magnifies  by  re- 
flection, as  the  foregoing  ones  do  by  refraction.  The  in- 
ventor of  this  microscope  was  Sir  Isaac 
Newton.  The  structure  of  such  a  mi- 
croscope may  be  conceived  thus:  uear 
the  focus  of  B  concave  speculum  ab, 
place  a  minute  object  c,  that  its  image 
may  be  formed  larger  than  itself  in  d  ;  to 
the  speculum  join  a  leu),  convex  on  both 
sides,  EP,  so  as  the  image  d  may  be  in  itt 
focus.  The  eye  will  here  see  the  image 
inverted,  but  distinct,  and  enlarged ;  con- 
sequeutly  the  object  will  be  larger  than 
if  viewed  through  the  lens  alone. 

Any  telescope  is  changed  into  a  microscope,  by  remo- 
ving the  object-glass  to  a  greater  distance  from  the  eye- 
glass. And  since  the  distance  of  the  image  is  various,  ac- 
cording to  the  distance  of  the  object  from  the  focus ;  and 
it  is  magniflcd  the  mure,  as  its  distance  from  the  object- 
glass  is  greater ;  the  same  telescope  may  be  successively 
cfaaiiged  into  microscopes  which  magnify  the  object  in 
different  degrees.  See  some  insti^iments  of  this  tort  de- 
scribed in  Smith's  Optics,  Reraarts,  pa.  94. 

So/ar  MiCROSCOFB,  called  also  the  Camera  Obscura 
Microscope,  was  invented  by  Mr.  Lieberkuhn,  in  1738  or 
1739,  and  consists  of  a  tube,  a  looking-glass,  a  convex 
lens,  and  a  Wilson's  microscope.  The  tube  (fig.  7)  is 
brass,  near  2  inches  in  diameter,  fixed  in  a  circular  collar 
of  mahogany,  with  a  groove  on  the  outside  of  its  periphery, 
denoted  by  2,  3,  and  connected  by  acat-gut  to  the  pulley 
4  an  the  upper  part;  which  turning  round  at  pleasure, 
1)y  the  pin  5  within,  in  a  square  frame,  may  be  easily  ad- 
justed to  a  hole  in  the  shutter  ^f  a  window,  hy  the  screws 
t,  I,  soclosely,  that  no  light  canenter  the  room  but  through 
the  tube  of  the  instrumeoi.  The  mirror  o  ii  fastened  to 
the  frame  by  hiltges,  on  the  side  that  goes  without  the 
window  :  this  gloss,  by  means  uf  a  jointed  brass  wire,  6, 7, 
and  the  screw  .h  8,  coming  through  the  frame,  may  be 
moved  either  vertically  or  horixontally,  to  throw  the  tan's 


rayc  through  the  bra^  tube  into  the  dqrkeued  room. 
The  end  of  the  brass  tube  without  the  shutter  has  a  con-  . 
vex.  k'ns,  5,  to  collect  the  rays  thrown  on  it  by  the  glass 
o,  and  bring  them  10  a  focus  in  the  other  pail,  where  i>  is 
a  tube  sliding  in  and  out,  to  adjust  the  object  to  a  due 
distance  from  the  focus.  And  tothcendoof  another  tube  " 
F,  is  screwed  one  of  Wilson's  simple  pocket  microscopes, 
containing  tho  object  10  be  magnitied  in  a.  slider ;  and  by 
tube  r,  sliding  on  the  small  end  £,  of  the  other  tube  d,  it 
is  brought  to  a  true  focal  distance. 

The  solar  microscope  has  been  introduced  into  the 
small  and  portable  camera  obscura,  as  well  as  the  large 
one:  and  if  the  image  be  received  on  a  piece  of  hatf- 
ground  glass,  shaded  from  the  light  of  the  sun,  it  will  be 
sufficiently  visible.  Mr.  Ueberkubn  made  considerable 
improvements  in  his  solar  microscope,  particularly  in 
adapting  it  to  the  viewing  of  opacjue  objects;  and  M 
Aepinus,  Nov.  Com.  Petrop.  vol.  9,  pa.  326,  has  con- 
trived, by  throwing  thclightuponthefuresideof  any  object, 
before  it  is  transmilted  through  the  object-lens,  to  repre- 
sent all  kinds  of  objects  by  it  with  equal  advantage.  J  n  this 
improvement,  the  body  of  the  common  solar  microscope 
is  retained,  and  only  an  addition  made  of  two  brass  plates, 
AB,  AC  (fig.  6),  joined  by  a  hinge,  and  held  at  a  proper 
distance  by  a  screw.  A  section  of  these  plates,  and  of 
all  the  necessary  parts  of  the  instrument,  may  be  seen  in 
fig.  9.  where  a  c  represent  rays  of  the  sun  converging  from 
the  illuminating  lens,  and  falling  upon  the  mirror  bd, 
which  is  fixed  to  ihc  nearer  of  the  two  brass  plates.  From 
this  they  are  thrown  upon  the  object  at  if,  and  are  thence 
transmitted  through  the  object-lens  at  k,  and  a  per- 
foration in  the  farther  plate,  upon  a  screen,  as  usual.  The 
use  of  the  screen  »  is  to  vary  the  distance  of  the  two  plates, 
and  thereby  to  adjust  the  mirror  to  the  object  with  the 
greatest  exactness.  M,  Euler  alio  contrived  a  method 
of  introducing  vision  by  reflected  light  into  this  micro- 
TV  MicR03C0PB>br  Opaque  Objects  was  also  invented 
by  M.  Ueberkuhn,  about  the  same  ti(nc  with  the  former, 
and  it  remedies  the  inconvenience  of  having  the  dark  side 
of  an  object  next  the  eye ;  for  by  means  of  a  concave 
speculum  of  silver,  highly  polished,  having  a  magnifying 
lens  placed  iu  its  centre,  the  object  is  so  strongly  illumi- 
nated, that  it  may  be  examined  with  ease.  A  convenient 
apparatus  of  this  kind,  with  4  diSerent  spcculums  and, 
magnifiers  of  different  powers,  was  brought  to  perfeciion 
by  Mr.  Cuff.     Philos.  Trans.  No.  468,  $  9. 

MiCKOSCOPic  Obfeett,  All  things  too  minute  to  be 
viewed  distinctly  by  the  naked  eye,  are  proper  objects  for 
the  microscope.  Dr.  Hookc  has  distinguished  them  into 
these  three  general  kinds;  viz,  exceeding  small  bodies^ 
exceeding  small  pores,  or  exceeding  small  motions.  The 
small  bodies  may  be  seeds,  insects,  animalcules,  sands, 
salts,  &c.:  the  pores  may  be  the  interstices  between  the 
solid  parts  of  bodies,  as  in  stones,  minerals,  shells.  Sec. 
or  the  moutbsof  minute  vessels  in  vegetables,  or  the  purea 
of  the  skin,  bones,  and  other  parts  of  animals;  the  small 
motions,  may  be  the  movements  of  the  several  parts  or 
members  of  minute  animals,  or  the  motion  of  the  fluids, 
contained  cither  in  animal  or  vegetable  bodies.  Under 
one  or  other  of  these  three  general  heads,  almost  every 
thing  about  us  affords  matter  of  observation,  and  may  con- 
duce both  to  our  amusement  and  instruction. 

Great  caution  is  to  be  used  in  forming  a  judgment  on 
what  is  seen  by  the  microscope,  if  the  objects  are  ex- 
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tended  or  contracted  by  force  or  drynew.  Nothing  can  object  by,  in  order  to  place  them  on  the  stage  for  view, 
be  dSermined  about  them,  without  making  the  proper  The  instrument  may  be  readily  converted  into  a  hand 
allowances;  and  different  lights  and  positions  will  often  microscope,  to  Tiew  objects  against  the  common  iight;  and 
•how  the  samft  object  as  very  different  from  itself.  There  which,  for  some  transparent  ones,  is  better  so.  It  i)  done 
is  no  advantage  in  any  greater  magnifier  than  such  aa  is  by  only  taking  out  the  pillar  from  its  foot  in  d,  turning  it 
capable  of  showing  the  object  in  view  distinctly  ;  and  the  half  round,  and  fixing  it  in  again ;  the  foot  then  becomes 
lesi  the  glass  magniBes,  the  more  pleasantly  the  object  is  a  useful  handle,  and  the  reflector  c  is  laid  aside.  The 
always  seen.— The  colours  of  objects  are  very  little  to  be  whole  apparatus  packs  into  a  fisb-skin  case,  4i  inches 
depended  on,  as  seen  by  the  microscope;  for  their  several  long,  2f  inches  broad,  and  Ij  inches  deep, 
component  particles,  being  thus  removed  to  great  dis-  "Forpersonsmore  curious  audnicein  theseinstruments, 
tances  from  one  another,  may  ^ve  reflections  very  difier-  there  is  contrived  a  useful  adjusting  screw  to  the  stage,  re- 
ent  from  what  they  would,  if  seen  by  the  naked  eye.—'  presented  ai  e.  It  is  first  moved  up  and  down  like  the 
The  motions  of  living  creatures  too,  or  of  Uie  fluids  con-  other,  to  the  focus  nearly,  and  made  fast  by  the  small 
tained  in  their  bodies,  are  by  no  means  to  be  hastily  screw.  The  utmost  distinctness  of  the  object  is  then  ob- 
judged  of  from  what  we  see  by  the  microscope,  without  tained,  by  gently  turning  the  long  fine-threaded  screw,  at 
due  consideration;  for  as  the  moving  body,  and  the  space  (he  same  time  you  are  looking  through  the  magnifiers  a. 
in  which  it  moves,  are  magnified,  the  motion  must  also  be  In  this  case,  there  may  be  also  added  an  extraordinury 
magnified}  and  therefore  that  rapidity  with  which  the  deep  magnifier,  and  a  concave  silver  speculum,  with  a 
blood  seems  to  pass  through  the  vessels  of  small  animals,  magnifier  to  screw  on  at  a,  which  will  serve  for  viewing 
must  be  judged  of  accordingly.  Baker  on  the  Micro-  the  very  small  and  opake  objects  in  the  completest  man- 
scope,  pa.  52,  62,  &c.  See  also  an  ele^nt  work  on  this  ner,  and  render  the  instrument  as  comprehensive  iu  irs 
subject,  published  by  that  ingenious  optician,  the  late  Mr.  uses  and  powers,  as  those  formerly  sold,  under  the  name 
Geoi^e  Adams.  of  Wilson's  Microscope." 

The  following  directions  are  given  for  using  the  New  MIDDLE  Latitude,  is  half  the  sum  of  two  given  lali- 
Universal  Pocket  Microscope,  made  and  sold  by  W.  &  S.  tudes;  or  the  arithmetical  mean,  or  the  middle  between 
Jones,  opticians,  Holbom,  London.  See  fig.  4,  pi.  33.  two  parallels  of  letitude.  Therefore,  if  the  latitudes  be 
"  This  microscope  ts  adapted  to  the  viewing  of  all  sorts  of  the  same  name,  either  both  north  or  both  south,  add 
of  objects,  whether  transparent,  or  opake ;  and  for  in-  the  one  number  to  the  other,  and  divide  tbersum  by  2; 
■ecti,  flowers,  animalcules,  and  the  infinite  variety  of  the  the  quotient  is  the  middle  latitude,  which  is  of  the  same 
"      "«ofnature  and  art,  will  be  found  the  most  complete     name  with  the  two  given  latitudes.     But  if  the  latitudes 

■     '  be  of  diflerent  names,  the  one  north  and  the  other  south  ; 

subtract  the  less  from   the  greater,   and  divide  the  re- 
mainder by  3,  so  shall  the  quotient  be  the  middle  lati- 
titude,  of  the  same  name  with  the  greater  of  the  two. 
Ex.l.  Ex.%. 

One  let.    35°  97' N.  35'  27' S. 

the  other  ^1 13  N.  21      13  N. 

3  )  56    40  3  )   U     14 

Mid.  lat.28  20  N.  Mid,  lat  7  7  S. 
Middle  Latitude  Sailing,  is  a  method  of  resolving  (he 
at  the  same  time  reflect  up  the  cases  of  globular  sailing,  by  means  ofthemiddlelatitude, 
rror  c  below,  and  move  gently,  qh  the  principles  of  plain  and  parallel  sailing  jointly, 
upwards  or  downwards  as  may  be  necessaiy,  the  stage  »  This  method  is  not  quite  accurate, -yet  often  agrees  prettv 
on  its  square  pillar,  till  you  see  the  object  illuminated  and  nearly  with  Mcrcator's  sailing,  and  u  founded  on  the  fol- 
distinctly  magnified;  and  in  this  manner  for  the  other  lowing  principle,  viz,  that  the  departure  is  accounted  a 
objects.  meridional  distance  in  the  middle  latitude  between  the 

"  For  animalcules,  you  unscrew  the  brass  box  that  is  latitude  sailed  from  and  the  latitude  arrived  at— This 
fitted  at  the  stage  b,  containing  two  glasses,  and  leave  artifice  seems  to  have  been  invented,  on  account  of  the 
ibe  undermost  gloss  upon  the  stage,  to  receive  the  fluids,  ^asy  manner  in  which  the  several  cases  may  be  reeolved 
If  you  wish  to  view  thereon  any  moving  insect,  &c,  it  w  the  traverse  table,  and  to  serve  where  a  table  of  raeri- 
nay  be  confined  by  screwing  on  the  cover :  of  the  two     dional  parts  ar.e  wanting.     It  is  sufficiently  near  the  truth 


and  portable,  for  the  price,  of  any  hitherto  contrived. 

"  Place  the  square  pillar  uf  the  microscopein  the  square 
socket  at  the  foot  d,  and  festen  it  by  the  pin,  as  shown  in 
the  figure.  Place  also  in  the  foot,  the  reflecting  mirror  C. 
There  are  three  lenses  at  the  top  shown  at  a,  which  serve 
to  magnify  the  objects.  By  using  these  lenses  separately 
or  combined,  you  make  seven  diflerent  powers.  When 
transparent  objects,  such  as  are  in  the  ivory  sliders  No.. 4, 
,  are  to  be  viewed,  you  place  the  sliders  over  the  spring,  at 
the  underside  of  the  stage  b  ;  then  looking  through  the 
lens  or  magnifier,  at 
light,  by  moving  ibe 


es,  the  concave  is  best  for  fluids.  Should  the  objects 
be  opake,  such  as  seeds,  &c ;  they  are  to  be  placed  upon 
the  black  and  white  ivory  round  piece,  No.  3,  which  is 
fitted  also  to  the  stage  n.  If  the  objects  are  of  a  dark 
colour,  you  place  them  contrastedjy  on  the  white  side  of 
the  ivoiy.  If  they  are  of  a  white,  or  a  light  colour,  upon 
the  blackened  side.  Some,  objects  will  be  more  conve- 
niently viewed,  by  sticking,  them  on  the  point  of  No.  S  ; 
or  between  the  nippers  at  the  other  end,  which  open  by 
pressing  the  two  little  brass  pins.  This  apparatus  is  also 
.  fitted  to  a  small  hole  in  the  stage,  made  to  receive  the  sup- 
port of  the 


either  when  the  two  parallels  are  near  the  equator,  or  not 
far  distant  from  each  other,  in  any  latitude.  It  is  per- 
formed by  theaetwo  rules: 

.  I.  As  the  cosine  of  the  middle  latitude : 
Is  to  radius  :  : 

So  is  the  departure  : 

To  the  difference  of  longitude 
2.  As  the  cosine  of  the  middle  latitude : 
Is  tu<tbe  tangent  of  the  course  :  : 

So  is  the  difference  of  latitude  : 

To  the  difference  of  longitude 
Es.  A  ship  sails  from  latitude  37°  north,  steering  con- 


" The  brau  forceps.  No.  I,  serve  to  take  up  any  small    stantly  N.33°  19' east,  for  8  days,  when  she  was  found 
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In  latitude  51°  IS'  oorlh-;  required  her  (USerencc  of  k 
gitude. 


51°  it 
37    00 


2>J 
As  COS.  mid.  1.  4 
To  taag.  < 
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09        -  O' 14417 

19        -  9-81776 

Spdiff.lal.       85a  -       '     ^'93349 

To  diff.  long.    786  -  2-89542 

or  13''6'difir.  of loug. iiought. 

Middle  Region.     See  Region.     ' 

MID  Heateh,  AfnfituttCie'i,  is  that  poiDt  of  theecKp-     &c  „  „ 

tic  which  culminates,  or  is  higbeit,  or  is  in  the  meridian     machine*  whose  actioo  depends 


imagiAed  that  thii  path  coiuisted  oul;  of  a  certain  exha- 
lation hanging  in  the  wr;  while  Metrodorus,  and  some 
Pythagoreans,  thought  the  sun  bad  once  gone  in  ihis  track, 
instead  of  the  ecliptic ;  and  consequently  that  iis  white-  - 
ness  proceeds  from  the  remains  of  his  light.  But  it 
is  now  found,  by  the  help  of  telescupea,  that  this  track  in 
the  heavens  consists  of  a,n  immense  multitude  of  stars, 
seemingly  very  close  together,  whose  miugled  light  gives 
this  appearance  of  whiteness ;  by  Milton  beautifully  de- 
scribed  as  a  path  "  powdered  with,  stars."  Dr.  Herscbel 
accounts  it  a  stratum  of  nebulous  matter. 

MILL  properly  denotes  a  machine  for  grinding  corti, 

general  signification,  is  applied  to  all 

circular  motion. 


at  any 

MIDSUMMER-Doy,  is  held  on  the  34th  of  June,  the 
same  day  as  the  nativity  uf  St.  John  the  Baptist. 

MILE,  along  measure,  by  which  the  English,  Italians, 
and.  some  other  nations,  use  to  express  the  distance  be- 
tween places  :  the  same  as  the  French  use  the  word  league. 
The  mile  is  of  different  lengths  in  different  countries. 
The  geogruphicel,  or  Italian  mile,  contains  1000  geome- 
trical paces,  mille  passus,  whence  the  term  mile  is  derived. 
The  English  mile  consists  of  8  furlongs,  each  furlong  of 
40  poles,  and  each  pole  of  16}  feet;  so  that  the  mile  is 
'  =  8  furlongs  =  330  poles  =:  I76O  yards  =  5380  feet. 

The  following  table  shows  the  length  of  the  mile,  or 
league,  in  the  principal  nations  of  Europe,  expressed 


Of  these  there  are  several  kinds,  accurding  to  the  various 
methods  of  applying  the  moving  power ;  as  water-mills, 
wind-mills,  horse-mills,  hand-mills,  &c,  and  even  steam- 
mills,  or  such  as  are  worked  by  the  force  of  bteam,  as  that 
noble  structure  that  was  erected  near  Blacktriars  Bridge, 
called  the  Albion  Mills,  which  was  unfortuuately  destroyed 
hy  fire. 

The  water  acts  both  by  its  impulse  and  weight  in  an 
Avershot  water-mill,  but  only  by  its  impulse  in  an  under- 
shot one;  but  here 'the  velocity  is  greater,  because  tlic 
water  is  suffered  to  descend  to  a  greater  depth  before  it 
strikes  the  wheel.  Mr.  Ferguson  observes,  that  where 
there  is  but  a  small  quantity  of  water,  and  a  falPgreat 
enough  for  the  wheel  to  lie  under  it,  the  bucket  or  over- 


geometrical  paces,  the  pace  bring  accounted  equal  to     shot  tiheel  is  always  used  :  but  where  there  is  a  lai^ 


4i%feet- 

Gnmet.  Bhm., 
Mile  of  Russia  -  750 

of  Italy  -  1000 

of  England  -  1300 

of  Scotland  and  Ireland     1 500 


Old  league  of  prance  -  1500 

Small  league,  ibid.  -  3000 

Meanleague  of  Franco  -  «500 

Great  league,  ibid.  -  9000 

Mile  of  Poland  -  9000 

of  Spain  •  3428 

of  Germany  -  4000 

of  Sweden  -  6000 

of  Deomaric  -  5000 

of  Hungary  -  6OOO 
MILITARY  ArehilaJw^     The  sante  with  Fortifica- 
tion. 

JilILKY  Wat,   FiaLaetea,or  Galaxy,  a  broad  track 


1100 
1467' 
1760 
■2200 
2200 
t93S  . 
9667 
4400 
4400 
5028 
5867 
7333 
79S3 
8800 


body  of  water,  with  a  little  fall,  the  breast  or  float-board 
wheel  must  take  place:  and  where  there  is  a  large  supply 
of  water,  as  a  river,  or  large  stream  or  brook,  with  very 
Kttte  fall,  then  the  underahot  wheel  is  the  easiest,  cheapest^ 
and  most  umple  structure. 

Dr.  Desaguliers,  having  bad  occasion  to  examine  many 
undershot  and  overshot  mills,  generally  found  that  a 
well  made  overshot  uill  ground  as  much  com,  in  ihb 
■ante  time,  as  an  underthot  mill  does  with  ten  timefa* 
much  water ;  supposing  the  fall  of  water  at  the  eveN 
■hot  to  be  20  feel,  and  at  the  undershot  about  6  or  7 
feet :  and  be  generally  observed  that  the  wh^el  of  the 
Dvenhot  mill  was  of  15  or  16  feet  diameter,  with  a  head 
of  water  of  4  or  5  feet,  to  drive  the  water  into  the  bucket! 


In  water-mills,  some  persons  have  given  the  preference 
to  the  undershot  wheel,  but  most  writers  prefer  the 
ovenhot  one.  M.  B^idor  greatly  preferred  the  under- 
shot to  any   other  construction.      He    had   even   Con- 


or path,  encompassing  the  whole  heavens,  dutingoishable  eluded,  that  water  applied  in  this  way  would  do  more 

by  its  white  app^rance,  whence  it  obtains  the  name.     It  than  6  times  the  work  of  an  overshot  wheel ; 'while  Dr. 

extendsitself  in  some  parts  by  a  double  path,  but  for  the  Desaguliers,    in  oveithrowing  Belidor's  position,  deter- 

Btost  part  it  is  single,    its  course  lies  through  the  constet-  mined  that  an  overshot  wheel  would  do  ]0  time*  the 

lations  Cassiopeia,  CygDUs,  Aquila,  Perseus,  Andromeda,  work  of  an  undershot  wheel,  with  an  equal  quantity  of 

partofOphiucus  and  Gemini,  in  the  northern  hemisphere;  water.     So  that  between  these  two  ccltbrated  authors, 

and  inthesoulhern,ittakesinpartof  Scorpio,  Sagittarius,  there  is  a  difference  of  no  Icsi   than  60  to  I.     In  conse- 

Centaurus,  the  Argon  avis,  and  the  An.     There  are  some  quenceof  suchstrikingdisagreement,  Mr.  Smeatun  began 

traces  of  the  same  kind  of  light  about  the  totith  pole,  but  the  coutse  of  experiments  mentioned  below. 
they  are  small  in  comparison  with  ihis:  these  are  called         In  the  Philos.  Trans,  vol.  51,  for  the  year  1759,  we 

by  some,  luminous  spaces  .and  Alagellonic  clouds ;  but  have  a  largi^paper  with  experiments  on   mills    turned 

they  seem  to  be  of  the  sume  kind  with  the  milky  way.  both  by  water  and  wind,  by  that  ingenious  and  experi- 

The  milky  way  has  been  ascribed  to  various  causes,  eiiced  engineer  Mr.  Suieaton.     From  those,  experiuentt 

The  ancients  fabled,  that  it  proceeded  from  a  stream  «f  it  appears,  pa.  129,   that  the  effects   obtained   by  the 

sailk,spilt  from  the  breaitofJujio,  whenshepushedaway  o.verehot  wheel  are  generally  4  or  5  times   as  great  at 

the  infant  Hercules,  whom  Jupiter  laid   to  her  breast  to  those  with  th«  undershot  wheel,  in  the  same  time,  with 

lender, him  immortal.    Some  again,  as  Aristotle,  &c,  the  same  expeiwe  of  water,  devccnding  from  the  same 
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height  abo¥e  the  bottom  or  the  wheels;  or  that  the  fornier 
perToTiiu  the  same  «fferi  u  the  latter,  in  the  Mme  time,  wiUi 
an  expcQM  of  ouly  onB-4ih  or  one-Stb  of  the  water,  from 
the  same  head  or  height.  And  this  advantage  tecmi  to 
arise  from  the  water  lodging  in  the  buckets,  and  so  carry* 
ing  the  wheel  about  by  their  weight.  But,  in  pa.  140, 
Mr,  SmeaCon  reckuni  the  eflect  of  overshot  only  double 
to  that  of  the  undenbot  wheel.  And  hence  he  infers,  in 
general,  "  that  the  higher  the  wheel  is  in  proportion  to 
Vie  whole  descent,  the  greater  will  be  the  e^cl ;  because 
n  depends  lesa  upon  the  impulse  of  the  head,  and  more 
upon  the  gravity  of  the  wuter  in  the  buckets.  However, 
as  every  thing  has  its  limits,  so  has  this;  for  thus  much 
is  desirable,  that  the  water  should  have  somewhat  greater 
velocity,  than  the  circumference  of  the  wheel,  in  coming 
.  upon  it;  otherwise  the  wheel  will  not  only  be  retarded, 
by  the  buckets  striking  the  water,  but  dashing  a  part  of 
it  over,  so  much  of  the  power  is  lost."  He  is  further  of 
opioion,  that  the  best  velocity  for  an  overshot  wheel  is 
when  its  circumference  moves  at  the  rate  of  about  3  feet 
io  a  second  of  time.     See  Wiiid*Mill> 

Considerable  differences  have  also  arisen  »  Io  the 
mathematical  theory  of  the  force  of  water  striking  the 
floats  of  a  wheel  in  motion.  M.  Parent,  Mactnurin, 
Desaguliers,  6tc,  have  determined,  by  Cftlculation,  that  a 
wheel  works  to  the  greatest  effect,  when  its  velocity  is 
equal  to  one-third  of  the  velocity  of  the  water  wbich 
strikes  it;  or  that  tiie  ereatest  velocity  that  the  wheel 
su;quires,  ts  one^third  of  that  of  the  vrater.  And  this 
determination,  which  has  been  followed  by  all  matbema* 
ticians,  till  very  lately,  necessarily  results  from  a  position 
vhich  they  assume^  viz,  that  the  force  of  tbc  water 
gainst  the  wheel,  is  proportional  to  the  square  of  its 
relative  velocity,  or  of  the  diAerence  between  the  abso- 
lute velocity  of  the  water  and  that  of  the  wheel.  And 
this  position  is  itself  an  inference  which  they  make  from 
the  force  of  water  striking  a  body  at  rest,  being  as  the 
square  of  the  velocity,  because  the  force  of  each  particle 
u  as  the  velocity  it  strikes  with,  and  the  number  of 
particles  or  the  whole  quantity  that  strikes  is  also  as 
the  same  velocity.  But  when  the  water  strikes  a  body  in 
motion,  the  quantity  of  it  that  strikes  is  still  as  the  abso- 
lute velocity  of  the  water,  though  the  force  of  each  parti- 
cle be  only  as  the  relative  velocity,  or  that  with  which 
it  strikes.  Hence  it  follows,  that  the  whole  force  or 
efiect  is  in  the  compound  ratio  of  the  absolute  and  rela- 
tlve  velocities  of  the  water ;  and  therefore  is  greater 
than  the  above-mentioned  effect  or  force,  in  the  ratio  of 
the  absolute  to  the  relative  velocity.  The  effect  of  this 
correction  is,  that  the  maximum  valocity  of  the  wheel 
becomes  one  half  the  velocity  of  the  water,  instead  of 
one-third  of  it  only :  a  determination  which  nearly  agrees 
with  the  best  experiments,  as  those  of  Mn  Smeaton. 

This  correction  has  been  lately  made  by  Mr.  W.  Waring, 
in  the  3d  volume  of  the  Transactions  of  the  American  Phi- 
losophical Society,  pa.  114.  This  ingenious  writer  says, 
'  Being  lately  requested  to  make  some  calculations  rela- 
tive to  mills,  particularly  Dr.  Barker's  construction  as 
improved  by  Jam^s  Rumaey,  1  found  tAom  difficulty  in 
the  attempt  than  I  at  first  expected.  It  appeared  nttces- 
sary  to  investigate  itew  theorems  for  the  purpose,  as  there 
are  circumstances  peculiar  to  this  construction,  which  are 
not  noticed,  I  twlieve,  by  any  author ;  and  tbe  theory  of 
mills,  as  hitherto  published,  is  very  imperfect,  which  I 
conceive  to  be  the  reason  it  has  bees  of  so  little  use  to 
pracUCM  I 
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'  Tie  first  step,  then,  toward  calculating  the  power  of 

any  water-mill  (or  wind-mill),  or  proportioning  their  parts 

and  velocities  to  the  greatest  advantage,  seems  to  he, 

*  TV  Comcttm  ^an  EttattiMl  Mitlakc  adapud  ty  Wrilen  ' 

m  (Ac  neorjr  qf  Mill*. 

'  This  is  attempted  with  all  the  deference  due  to  emi- 
nent authors,  whose  ingenious  labours  have  justly  raised 
their  reputation  and  advanced  the  sciences  ;  hut  when  any 
wrong  principles  are  successively  published  by  a  series  m 
sDch  pens,  they  are  the  more  implicitly  received,  and  more 
particularly  claim  a  public  rectification  ;  whicb  must  be 
pleasing,  even  to  these  candid  writers  them  selves.' 

A  very  ingenious  writer  in  England,  '  in  his  masterly 
treatise  on  the  rectilinear  motion  and  rotation  of  bodies, 
published  so  lately  as  17M,  continues  this  oversight,  with 
its  pernicious  consequences,  through  bis  propositions  and 
corollaries  (pa.  37^  to  284),  although  be  knew  the 
Ibt-ory  was  suspected :  for  he  observes  {pa.  38*)  "  Mr. 
SmcatoD  in  his  paper  on  mechanic  power  (published  in 
the  Philosophical  Transactions  for  the  year  1776)  allows, 
that  the  theory  usually  given  will  not  correspond  with 
matter  of  fact,  when  compared  witb  the  motion  of  mit- 
chioes;  and  seems  to  attribute  this  disagreement,  rather 
to  deficiency  in  the  theory,  than  to  the  obstacles  which 
ha>e  prcmited  the  applicatioD  of  it  to  the  complicated 
motion  of  engines,  &c.  In  order  to  satisfy  himself  con- 
cerning the  reason  of  this  disagreement,  be  constructed  s 
set  of  experiments,  wbich,  from  the  known  abilities  and 
ingenuity  of  the  aathor,  certainly  deserve  great  considen- 
tion  and  attention  from  every  one  who  is  interested  in 
these  inquiries."  And  notwithstanding  the  same  learned 
author  says,  "  The  evidence  upon  which  the  theory  rests 
is  scarcely  less  than  mathematical  ;*'  I  am  sorry  to  find, 
in  tbe  present  state  of  the  sciences,  one  of  his  abilities 
concluding  (pa,  380),  "  It  is  not  probable  that  tbe  theory 
of  motion,  however  incontestable  its  principles  mey  be,  can 
afford  much  assistance  to  the  practical  mechanic,"  al- 
though indeed  bis  theory,  compared  with  the  above-cited 
experiments,  might  sug«st  such  an  inference.  But  to 
come  to  the  point,  I  w^^ild  just  premise  these 
'D^biitioiu. 

'  If  a  stream  of  water  impinge  agaitist  a  wheel  in  motion, 
there  are  direedifferent  velocities  to  be  considered,  apper- 
taining thereto,  vii, 

'  First,  the  absolute  velocity  of  the  water ; 

'  Second,  the  absolute  velocity  of  the  wheel ; 

'  Third,  the  relative  velocity  of  the  water  to  that  of  the 
wheel,  i,  e.  the  difference  of  the  absolute  velocities,  or  tbe 
velocity  with  which  the  water  overtakes  or  strikes  the 
wheel. 

'  Now  the  mistake  consists  in  supposing  the  rooraeuium 
or  force  of  the  water  against  the  wheel,  to  he  in  the  da- 
plicate  ratio  of  the  relative  velocity :  Whereas, 
'  Pawp.  I. 

'  The  force  of  an  Invariable  Stream,  impiogeing  against 
a  Mill-wheel  in  Motion,  is  in  the  Simple  Direct  Propor- 
tion of  the  Relative  Velocity. 

'  For,  if  the  relative  velocity  of  a  fluid  against  a  single 
plane  he  varied,  either  by  the  motion  of  tbe  plane,  or  of 
the  fluid  from  a  given  aperture,  or  both,  then  the  number 
of  particles  acting  on  the  plane  in  a  given  limP,  and  like- 
wise the  momentum  of  each  particle,  being  respectively  as 
the  relative  velocity,  the  force  on  both  these  accounts, 
must  be  in  the  duplicate  ratio  of  the  relative  velocity, 
agreeably  to  the  common  theory,  with  respect  to  this 
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angle  plane :  l«nt,  Ibe  number  of  Uicse  planes,  Or  parts  of 
the  wheel  acted  on  in  a  given  time,  will  be  a»  the  velocity 
of  the  wheel,  or  inversely  as  the  relative  velocity;  there- 
fore, the  moving  force  of  the  wheel  must  be  in  the  simple 
ilircct  ratio  of  the  relative  velocity,     q.  e.  d.  . 

'  Or  the  proposition  a  manifest  from  this  consideration  ; 
that,  while  the  stream  is  invariable,  whatever  be  the  velo- 
city of  the  wheel,  the  same  number  of  particles  or  quan- 
tity of  the  fluid,  must  strike  it  somewhere  or  other  in  a 
given  lime ;  consequently  the  variation  of  force  is  only  on 
account  of  the  varied  iropingent  velocity  of  the  same  body, 
occasioned  by  a  change  of  motion  in  the  wheel ;  that  is, 
the  momentum  is  as  the  relative  velocity;  Now,  this  true 
principle  substituted  for  the  erroneous  one  in  use,  will 
bring  the  theory  to  agree  remarkably  with  the  notable 
experiments  of  the  ingenious  Smeaton,  before-mentioned, 
published  in  ihe  Philosophical  Transactions  of  the  Royal 
Society  of  London  for  the  year  l76o,  vol.  51,  for  .which 
the  honorary  annual  medal  was  adjudged  by  the  society, 
and  presented  to  the  author  by  their  president.  An  in- 
stance or  two  of  the  importance  of  this  correction  may  be 
adduced  as  below.' 

Paop.  n. 

'  The  velocity  of  a  wheel,  moved  by  the  impact  of  a 
stream,  must  be  half  the  velocity  of  the  iluid,  to  produce 
the  greatest  passible  effect. — For  let 

V  =13  the  velocity,  m  t=  the  momentum  of  the  fluid ;  , 

V  =  the  velocity,  p  =  the  power  of  the  wheel. 
ThcD  V  —  w  =3  the  relatin  velocity,  by  def,  3d ; 


MIE, 
Prop.  III. 


■  Given,  the  momentum  (bi)  .^''T'*--^ 

and  velocity  (v)  of  the  fluid  at         /^  ^N. 

I,  the  place  of  impact ;  the  ra-      /  .  ^  \ 


m 
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and  as  i 


'  (' 


-  '')=P(prop.  l)j 


this  nultiplied  by  v,  gives pp  =  —  *■  (v»  —  f*)  =  a  max- 
imum ;  hence  *p  —  p*  =  a  maximum,  and  its  fluxion 
(o  being  the  variable  quantity)  is  vp  —  2wj  =:  0;  there- 
fore (>=(<,  that  i«,  the  velocity  of  the  wheel  =  half  that 
of  the  fluid,  at  the  place  of  impact,  when  (he  effect  is  a 
raaxiinum.  q.  e.  d. — The  usual  theory  gives  «  ^  |v  ; 
where  the  error  is  not  less  than  one  third  of  the  true  velo- 
city .of  the  wheel. 

'  This  proposition  is  applicable  to  undershot- wheels, 
and  corresponds  with  the  accurate  experiments  before 
cited,  as  appears  from  the  author's  conclusion  (Philos. 
Trans,  for  1776,  pa. +57),  vii,  "The  velocity  of  the  wheel, 
which  according  to  M.  Parent's  determination,  adopted  by 
Dcsaguliers  and  Mactaurin,  ought  to  he  no  more  than  one 
third  of  that  of  the  water,  varies  at  the  maximum  in  the 
experiments  of  jable  1,  between  one  third  and  one  half; 
but  in  all  the  cases  there  related,  in  which  the  most  work 
is  perfocmed  in  proportion  to  the  water  expended,  and 
ivhich  approach  the  nearest  to  the  circumstances  of  great 
works  when  properly  executed,  the  niaximum  lies  much 
nearer  one  half  than  one  third,  one  half  seeming  to  he 
the  true  maximum,  if  nothing  were  lost  by  the  resist- 
ance of  the  air,  the  scattering  of  the  water  carried  up  by 
the  wheel,  &c."  Thos  he  fully  shows  the  coramon  theory 
to  have  been  very  defective;  but,  I  believe,  none  have 
since  pointed  out  wherein  the  deficiency  lay,  nor  how 
lo  correct  it ;  and  now  we  see  the  agreement  of  the  true 
theory  with  the  result  of  his  ex  penmen  tj.'  Tof  another 
problem. 


(a  =  iB}  ofthe  wheel  ABC. 
the  radius  (r  =  ds)  of  the  small 
wheel  DEF  on  the  same  axle 
shaft;  the  weight  (tv)  urretii 
ance  to  be  overcome  at  D|  and 
the  friction  (/)  or  force  ne- 
cessary to  move  the  wheel  with- 
out the  weight;  required  the 
velocity  (v)  of  the  wheel, 
&c.' 

'  Here  we  have  v*  t  —  F::M;tnx  — ^  a  the 
acting  fiirce  at  i  in  the  direction  ik,  as  before  (prop.  2). 
Now  H  :  f  : :  w  :  -^  ^  the  power  at  i  necessary  to 
counterpoise  the  weight  w;  hence  -^  +/:_  the  whole 
resistance  opposed  to  the  action  ofthe  fluid  at  i;  which  de- 
ducted from  the  moving  force,  leaves  m  K ~-f:s 

the  accelerating  force  of  the  machine;  which,  when  the 
motion  becomes  uniform,  will  be  evanescent  or  s  O ; 

therefore  m  x   -^~    st 1-/,  which  gives 

pssv  X  (1  -  ^---)  =  the  true  velocity  required;  or, 
if  we  reject  the  friction,  then  »  =  t  x  (1  —  ~)  U  Uie 
theorem  for  the  velocity  pf  the  wheel.  This,  by  the  com- 
mon theory,  would  be  t>  =  v  K  (I  —  v'— ■).whichistoo 
little  by  ^t/^  —  v  —  .  No  wonder  why  we  have  hithertct 
derived  so  little  advantage  from  the  theory.' 

'  CoaoL.  1.— If  the  weight  (w)  or  resistanc«  be  re- 
quired, such  as  just  to  admit  of  that  velocity  which 
would  produce  the  greatest  eflpct;  then,  by  substitu- 
ting ^v  for  its  equivalent  r  (by  prop.  3),  we  have 
Jv  =.v  X  (1  -  ^-X);  hence  w  =  i^x  e;  or, 
if/  =  0,io  =~;  but  theorists  make  this  — ,wherethe 

error  is  — .' 

ISt  , 

'  CoROL.  2.  We  have  also  r  =  ^^  x  a ;  or,  reject- 
ing friction,  r  =  -^,  when  the  greatest  effect  is  produced, 
instead'ofr  =  -^,'as  has  been  supposed:  this  is  an  im- 
portant theorem  in  the  construction  of  mills.' 

In  the  same  volume  of  the  American  Transactions, 
pa.  1S5,  is  another  ingenious  paper,  by  the  same  author, 
on  the  power  and  machinery  of  Dr.  ^rker's  mill,  as  im- 
proved by  Mr.James  Rumsey,  with  a  description  of  it. 
This  is  a  mill  turned  by  the  resisting  force  of  a  stream  of 
water  that  ijsues  ftom  an  orifice,  the  rotatory  pmt,  in  which 
that  orifice  is,  being  impelled  the  contrary  way  by  its  re- 
action against  the  stream  that  issues  from  it. 

Mr.  Ferguson  has  given  the  following  directions  for  <t>»- 
stmcling  water-mills  in  the  beat  manner ;  with  a  ,tab  ic  of 
the  several  corresponding  dimensions  proper  to  a  grcM  va- 
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rietyof  perpendieular  folU  of  the  water.  When  the  float- 
boards  of  tie  watei-wheel  move  with  a.  3d  part  (it  should 
be  i)  of  the  velocity  of  the  water  that  acis  upon  theni, 
the  water  has  the  greatest  power  to  torn  the  mill ;  and 
wbeo  the  roillitone  makes  about  60  turns  in  a  minute,  it 
it  found  to  perform  its  work  the  beat;  for,  whea  it  makoi 
but  about  40  or  50,  it  grinds  too  slowly;  and  when  it 
makes  more  than  70,  it  heats  the  meal  too  much, and  cuts 
^bransosmall  that  a  great  part  of  it  mixes  with  the  meal, 
and  nnnot  be  separated  from  it  by  sifting  or  boalling. 
Cmuequendy  the  utmost  perfection  of  mill-work  lies  in 
making  the  train  so  as  that  the  millstone  shall  make  about 
;  60  turns  in  a  minute  when  the  water-wheel  moTes  witb  a 
3d  part  of  the  velocity  of  the  water.  To  have  it  so,  observe 
the  following  rules: 

1.  Measure  (he  perpendicular  beij^t  of  the  fall  of  water, 
in  feet,  above  the  middle  of  iheaperture,,where  it  is  let  out 
to  act  by  impulse  against  the  float-boards  oo  the  lowest 
side  of  the- undershot  wheel. 

2.  Multiply  that  height  of  the  fall  in  feet  by  the  con- 
stant number  64|,  and  extract  the  square  root  of  the 
product,  which  will  be  the  velocity  of  the  water  at  the  bot- 
tom of  the  h\l,  or  the  number  of  feet  the  water  moves  per 
second. 

3.  Divide  tbe  velocityof  the  water  by  3  (or  3) ;  and  the 


quotient  will  be  the  velocity  of  the  floats  of  the  wheel  in  ket 
per  second. 

4.  Divide  the  circumference  of  the  wheel  in  feet,  by  the 
velocity  of  its  floats ;  and  the  quotient  will  be  the  nnmber 
of  seconds  in  one  turn  or  revolution  of  the  great  water- 
wheel,  on  the  axis  of  which  b  £xed  the  cog-wbeel  that 
turns  the  trundle. 

5.  Divide  60  by  the  number  of  seconds  in  nne  turn 
of  the  water-wheel  or  cog-wheel ;  and  the  quotient  will  be 
the  number  of  turns  of  eitber  of  these  wheels  in  a  minute. 

6.  Divide  60  (the  number  of  turns  the  millstone  ougbl 
to  have  in  a  minute)  by  the  abovesaid  number  uf  lurnsi 
and  the.quo'tient  will  be  the  number  of  turns  the  mill- 
stone ought  to  have  for  one  turn  of  the  water  or  con- 
wheel.     Then, 

7.  As  the  required  number  of  turns  of  the  millstone  in  a 
minute,  is  to  the  number  of  turos  of  the  cog-wheel  in  i' 
minute,  so~inust  the  nurnber  of  cogs  in  the  wheel,  be  ir 
the  number  of  staves  or  rounds  in  the  trundle  on  thi 
axis  of  the  millstone,  in  the  nearest  whole  number  tha 
can  be  found. 

By  these  rules  the  following  Table. is  calculated;  ii 
which,  the  diameter  of  the  water-wheel  is  supposed  18  fcrt 
and  consequently  its  circumference  56f  feet,  and  the  dia 
meter  of  the  millstone  is  5  feet. 


The  mil-Wrigyt  Tabu. 

Pop^d-ieulu 

VelocliYof 

VdocitT  of 

Nuinbtr  of 

Renuind 

N««.,  num- 

Numbtrof 

Nurabnor 

hdgbi  ct  the 

Ihe  n»r  in 

tbe  wbccl  in 

lum<  of  the 

•rnmlxr  of 

ber  o(  (»g> 

tatn.   of  tlie 

lurw  of  Ui. 

fiirWntci. 

fKl  pa  K- 

obwl  in  ■ 

(urni  of  (he 

.nd.<»^r« 

nrilliloni!    for 

nillxon.  h  . 

«md. 

condf 

minuic. 

iBilUtone  for 
tmch  turn  U 

(llM  paipoK. 

one    turn   af 

minuie  i>.T 

Iha  irticel. 

C«p».  Su«i. 

thaccos..i.i 

'mX^. 

1 

8-02 

2-67 

2-83 

21-20 

127      6 

21-17 

59-9\ 

2 

11-40 

3-78 

400 

15-00 

105       7 

15-00 

6000 

3 

13-89 

4-63 

4-91 

12-22 

98       8 

12-25 

60-14 

4 

16-04 

5-35 

5'67 

10-58 

9&      9 

IO-56 

59-87 

5 

17-93 

5-98 

6-34 

9-46 

65       9 

9-44 

59-84 

6 

19-6* 

6-55 

6-9* 

8-64 

78       9 

8-66 

60-10 

7 

21-21 

7-07 

7-50 

8-0O 

72       9 

8-00 

60-60 

8 

23-6« 

7-56 

802 

7-48 

67      9 

-      7.44 

5967 

9 

■     84-05 

'«02 

8-51 

7-05 

70     10 

7-00 

5957 

10 

25-35 

8-45 

8-97 

6-69 

67     10 

0-70 

6009 

-       11 

26-59 

8-86 

9-40 

6-38 

64     10 

6-40 

60-16 

12 

27-77 

9-26 

9-82 

6-11 

61     10 

,      6-10 

i9-9f> 

13 

28-9t 

9-64 

10-22 

5-87    . 

i9     10 

5-80 

60- 18 

14 

30-00 

10-00 

10-60 

5-66 

56     10 

5-60 

59-36 

15 

31-05 

10-35 

10-99 

5-46 

5S     10 

5-40 

60-48 

16 

3207 

10-69 

11-34 

5-29 

53     10 

5-30 

60-10 

17 

39-06 

1102 

11-70 

5-IS 

51     10 

5-10, 

59-67 

18 

34-02 

11-34 

12-02 

4-99 

50     10 

500 

60-10 

19 

34-95 

11-65 

12-37 

4-85 

49    10 

4-80 

60-61 

SO 

35-86 

11-92 

19-68 

4-73 

47     10 

4-70 

59-59 

'     For  the. theory,  &c,  of  wind-mills,  see  WiND-AftTf. 

MILLION,  the  nnmber  of  tea  hundred  thousand,  or  a 
thousand  .timeii  a  tbousand. 

MINE,  in  Fortification,  &c,  isa  subterraneous  canal  or 
pusi^,  dug  under  any  place  or  work  intended  to  be 
blown  up  by  gunpowder.  The  passage  of  a  mine  leading 
ta  the  powder  is  called  the  Gallery;  and' the  extremity, 
or  place  where  the  powder  is  placed,  is  called  the  Cham- 
bet.  The  line  diawafrom  tbe  centre  of  the  chantber  per- 


pendicular to  the  nearest  surface,  is  called  the  Line  of  lea 
Resistance  ;  and  the  pit  or  hole,  made  by  the  mine  whi 
sprung,  or  blown  up,  is  called  tbe  Excavation.  Ti 
mines  made  by  the  besiegers  in  tbe  attack  of  a  place,  a 
called' simply  Mines;  and  those  made  by  the  besiege 
Counter-mines. 

The  fire  is  conveyed  to  the  mine  by  a  pipe  or  lio? 
made  of  coarse  cloth,  of  about  an  infh  and  half  in  di 
meter,,calkd  Saucisson,  extending  from  the  powtler  in  I 
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chamber  to  the  beginniitg  or  entrance  of  the  gallery,  to 
the  end  of  which  ii  fixed  a  match,  that  the  miner  who 
■eU  fire  to  It  may  have  lime  to  retirt:  before  it  reaches  the 
'    chamber. 

It  is  found  by  e^iperiments,  that  the  figure  of  the  exca- 
vation made  by  the  explosion  of  the  powder,  is  nearly  a 
paraboloid,  having  its  focus  in  the  centre  of  the  powder, 
and  lis  axis  the  line  of  least  resistance;  its  diameter  being 
more  or  less  according  to  the  quantity  of  the  powder,  to 
the  same  axis,  or  line  of  least  resistance.  Thus,  M. 
Belidor  lodged  7  ditferenl  ijuantitJes  of  powder  in  as  many 
different  mines, of  the  same  depth, or  line  of  least  resistance, 
to  feet ;  the  charges  and  greatest  diameters  of  the  exqava- 
tioii,  measured  alter  the  explosion,  were  as  follow : 

Powder.  -     Di.n. 

lit        -        1301b     .        2S|feet 

2d  -         160         -         26 

3d  -         200         -         29 

4lh        -         240         -         3H 

5th        -         280         -         33i 

6th         -         320         -         36 

7lh  -  360  -  38 
From  which  experiments  it  appears,  that  (he  excavation, 
or  quantity  of  earth  blowp  up,,  is  in  the  same  proportion 
with  the  quantity  of  powder;  whence  the  charge  of  powa 
der  necessary  to  produce  any  other  proposL'd  effect,  will  be 
had  by  the  rule  of  proportion. 

MisK'Dial,  is  a  box  and  needle,  with  a  brass  ring,di- 
'vided  into  S6o  degrees,  with  several  dials  graduated  upon, 
it,  commonly  made  for  tbe  use  of  miners. 
-  MINERALOGY,  is  that  branch  of  philosophy  which 
treats  of  the  physical  and  chemical  properties  of  unor* 
ganized  bodies;  commonly  called  crude  matter,  or  mi- 
nerals; by  which  we  arc  enabled  to  determine  their 
distinctive  characters,  and  their  particular  rank  in  the  ge- 
nerai  system;  and  is  thus  distinguished  from  geology, 
which  treats,  more  particularly,  of  the  reciprocal  position 
of  the  different  species  of  minerals,  and  of  the  masses  com- 
posed of  two  or  more  of  these  species. 

MINUTE,  is  the  60th  part  of  a  degree,  or  of  an  hour. 
The  minutes  of  a  degree  are  marked  with  the  acute  accent, 
thus';  tbe  seconds  by  two,  ";  the  thirds  by  three, '".  The 
minates,  secmids,  thirds,  &c,  in  time,  are  sometimes 
marked  the  same  way;  but,  to  avoid  confusion,  the  better 
way  is,  by  the  initials  of  the  words;  as  roinutes^.secontls*, 
thirds',  &c. 

Minute,  in  Architecture,  usually  denotes  the  6oth  part 
of  a  module,  hut  sometimes  only  the  30th  part. 
'  MIRROR,  a  speculum,  looking-glass,  or  any  other 
polished  body,  tbe  use  of  which  is  to  form  the  images  of 
distinct  objects  by  reflexion  of  the  rays  of  light.  Mirrors 
are  either  plane,  convex,  or  concave.  The  first  sort  re- 
llectBtheraysof  light  in  a  direction  exactly  similar  to  that 
in  which  they  fall  upon  it,  and  therefore  represents  bodies 
in  their  natural  magnitude.  But  the  convex  ones  make 
the  rays  diverge  much  more  than  before  reflexion,  and 
therefore  greatly  diminish  the  images  of  those  objects 
which  they  exhibit  r  while  the  concave  oups,  by  collecting 
the  rays  into  a  focus,  not  only  magnify  the  objects  they 
show,  but  will  also  burn  very  fiercely  when  exposed  to  the 
rays  of  the  sun ;  and  hence  they  tire  commonly  known  by 
the  name  of  Burning  ^(irrors.   - 

In  ancient  times,  the  mirrors  were  made  of  some  kind 
of  metal ;  and  from  a  passage  in  the  Mosaic  writings  we 
learn,  that  the  (nirrors  used  by  tbe  Jewish  women,  wore 
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made  of  brass ;  a  practice  donbtleu  learned  frora  tlie 
Egyptians,  Any  kind  of  metal,  when-well  polished,  will 
reflect  very  powerfully  ;  but  of  al)  others,  silver  reflects 
the  most,  but  it  is  too  expensive  a  material  for  common 
use.  Gold  is  also  very  powetful ;  and  all  raetals,  or  even 
wood,  gilt  anfl  polished,  will  act  with  considerable  effect 
B3  bumFng  mirrors.  Even  polished  ivory,  or  straw  nicely 
plaited  together,  will  form  mirrors  capable  of  burning,  if 
on  a  large  scale. 

Since  the  invention  of  glass,  and  the  application  of 
quicksilverioit.havehecome  generally  known,  it  has  been 
universally  employed  for  those  plane  mirrors  used  as  orna- 
ments to  houses ;  but  in  making  reflecting  telescopes  they 
have  been  found  much  inferior  to  metallic  ones.  It  does 
'not  appear  however  that  the  same  superiority  belongs  (o 
the  metallic  burning  .mirrors,  considered  merely  as  burn- 
ing spec  ul  urns  ;  since  the  mirror  with  which  Mr.  Macquer 
melted  plaiina,  though  only  22  inches  diameter,  and  made 
of  quicksilvered  glass,  produced  much  greater  effects  than 
M.  Villette's  metal  speculum^  which  was  of  a  much  larger 
size.  It  is  vi:ry  probable,  however,  that  fii.  Villette's  tnir- 
ror  was  not  so  well  polished  as  it  ought  to  have  been  ;  as 
the  art  of  preparing  tbe  metal  for  taking  the  finest  polish, 
has  but  lately '  been  discovered,  and  published  in  the 
Philos.  Transactions,  by  Dr.  Mudge  of  Plymouth,  and, 
after  him,  by  Mr.  Edwards,  Dr.  Herschel,  &c. 

Some  of  the  mere  remarkable  laws  and  phenomena  of 
plane  mirrop,  are  as  follow:— 1.  A  spectator  will  see  his 
image  of  the  same  sise,  and  erect,  but  reversed  as  to  right 
and  left,  and  as  far  beyond  the  speculum  as  he  is  before  it. 
As  he  moves  to  or  from  the  speculum,  his  image  will,  at 
the  same  time,  move  towards  or  from  tbe  speculum  also  on 
[he  other  side.  In  like  manner  if,  while  the  spectator 
.is  at  rest,  an  object  be  in  motion,  its  image  behind  the 
speculum  will  be  seen  to  move  at  the  same  rale.  Also  when 
the  spectator  moves,  the  images  of  objects  that  are  at  rest 
will  appear  to  approach  or  recede  from  him,  after  the 
same  manner  as  when  Immoves  towards  real  objects. 

2.  If  several  mirrors,  or  several  fragments  or  pieces  of 
mirrors,  be  all  disposed  in  the  same  plane,  they  .will  only 
exhibit  an  object  once,    , 

3.  If  two  plane  mirrors,  or  specniums,  meet  in  any 
angle,  the  eye,  placed  within  that  angle,  will  see  the  image 
of  an  object  placed  within  the  eame,as  often  repeated  as 
there  may  be  perpendiculars  drawn  determining  the  places 
of  the  images,  and  terminated  without  the  angle.  Hence, 
as  tbe  more  perpendiculars,  terminated  without  the  angle, 
may  be  drawn  as  the  angle  is  more  acute  ;  the  acuter  the 
angle,  the  more  numerous  the  images,  Thiu,  Z.  Traber 
found,  at  an  angle  of  yd'of  a  circle,  the  image  was  if 
presented  twice,  at  }th  thrice,  at  ^th  five  times,  and  at 
■ji^th  eleven  times. 

Further,  if  the  mirron  be  placed  upright^  and  so  con- 
tracted ;  or  if  you  retire  from  them,  or  approach  to  them, 
till  the  images  reflected  by  them  coalesce,  or  run  into  one, 
they  will  appear  monstrously  distorted.  Ilus,  if  they  be 
at  an  angle  somewhat  greater  than  a  right  one,  the  image 
of  one's  face  will  appear  with  only  one  eye  ;  if  the  angle 
be  less  than  a  right  one,  yfni  will  see  3  eyes,  2  noses,  2 
mouths,  &c.  At  an  angle  etiil  less,  the  body  will  have  two 
heads.  At  an  angle  somewhat  greater  than  a  right  one, . 
at  the  distance  of  4  feet,  the  body  will  be  headless,  &c. 
Again,  if  the  mirrore  be  placed,  the  one  parallel  to  the  ho- 
rizon, the  other  inclined  to  it,  or  declined  from  it,  it  it 
easy  to  perceive  that  the. images  will  be  still  more  ro- 
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manUc.  Thui,  one  being  declined  from  the  iiorizon  to  an 
angle  of  144  degrees,  and  the  other  inclined  to  it,  a  man 
tees  himself  standing  with  his  head  to  another's  feel. 

Hence  it  appears  how  mirrors  raaj  be  maDaged  in 
gardens,  &c,  so  as  te  convert  the  images  of  those  near 
them  into  monsters  of  various  kinds :  and  since  glass  mir^ 
roTs  will  reflect  the  im^e  of  a  lucid  object  twice  or  thrice, 
if  a  candle,  &c,  be  placed  in  the  angle  between  two  mir- 
lon,  it  will  be  multiplied  a  great  number  of  times, 
Lavii  n^Comex  MiaaoHS. 

J.  In  a  spherical  convex  mirror,  the  image  is  less  than 
the  object.  And  hence  the  use  of  such  mirrors  in  the  art 
of  painting,  where  objects  are  to  be  represented  lets  ihan 
the  life. 

2.  In  a  convex  mirTor,  the  more  remote  the  object,  the 
lets  its  image;  also  tbc  smaller  the  mirror,  the  less  ihe 
image. 

3.  In  a  conve:i  mirror,  the  right  hand  is  turned  to  the 
left,  and  the  left  to  the  light;  and  bodips  perpendicular 
to  the  mirrpr  appear  inverted, 

4.  The  image  of  a  right  line,  perpendicular  to  the  mir- 
ror, is  a  right  line  ;  but  that  of  a  right  line  oblique  or 
parallel  tu  tbc  mir^r,  is  convex. 

5.  Rays  reflected  from  a  convex  mirror,  diverge  more 
•  than  if  reflected  from  a  plane  mirror ;  and  the  smaller  the 

sphere,  the  more  tlje  rays  diverge. 

Laui«  ({^  Cmcotv  MiaaoRB. 

TheeffectsofconcBverairronare,  in  general,  the  levcne 
of  those  of  convex  ones ;  rays  being  made  to  converge 
more,  or  diverge  less  than  in  plane  mirrors ;  the  image  is 
magnified, and  themore  so  as  the  spliereis  smaller;  &c,  &c, 

MITRE,  in  Architecture,  is  the  workmen's  term  for 
an  angle  that  is  just  A5  degrees,  orhalf  aright  angle.  And 
if  tho  angle  be  the  half  of  ibis,  or  a  quarter  of  a  right  angle, 
they  call  it  a  half-mitre. 

MiXT  Angle,  or  Figure,  is  one  contained  by  both  right 
and  curved  lines. 

UixT  fiymbar,  is  one  that  is  partly  an  integer,  and 
partly  a  fraction  ;  as  3}. 

MiXT  Ratio,  or  Proportion,  is  when  the  sum  of  the  an- 
tecedent and  consequent  is  compared  with  the  difiorcnceof 
the  antecedent  and  consequent ; 
.    .,  C     4:3::  12:9 
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MOAT,  in  Fortification,  a  deep  trench  dug  round  a 
town  or  fortress,  to'be  defended,  on  the  outside  of  the  wall, 
or  rampart.  The  breadth  and  depth  of  a  moat  oi^en  de- 
pend on  the  nature  of  the  soil;  according  as  it  is  marshy, 
[ocky,  OT  the  like.  The  brink  of  the  moat  next  ibc  ram- 
part, is  called  the  scarp  i  and  the  opposite  side,  the  coun- 
terscarp. 

Dty  Moat,  is  one  that  is  without  water ;  on  which  ac- 
count it  ought  to  be  deeper  than  one  that  has  water, 
called  a  wet  moaL  A  dry  moat,  or  one  that  has  a  little 
water,  has  often  a  small  ditch  running  all  along  the  middle 
of  its  bottom,  called  a  cuvette. 

Flat-bottomed  Moat,  is  that  which  has  no  sloping,  its 
corners  being  somewhat  rounded. 

Lined  Moat,  is  that  whose  scarp  and  counterscarp  are 
cased  with  a  wall  of  mason's  work  lying  aslope. 

MOBILE,  Prwtum, in  the  Ancient  Astronomy,  was  a  9th 
heaven,  or  sphere,  conceived  above  those  of  the  planets 
and  fixed  stars.     It  was  supposed  that  this  was  the  &rst 


mover,  and  carried  all  the  lower  spheres  about  with  it ;  by 
iU  rapidity  communicating  to  them  a  motion  carrying  tbem 
round  in  24  hours.  But  the  diurnal  apparent  revulmion 
of  the  heavens  is  now  better  accounted  for,  by  the  rotation 
of  the  earth  on  its  axis,  without  the  assistance  of  any  sucli 
primum  mobile. 

MOBILITY,  an  aptitude  or  facility  to  be  moved. 

The  mobility  of  mercury  a  owing  to  the  smallncss  and 
sphericity  ofits  particles;  and  these alsonnder its  fixation 
so  difficult.  The  hypothesis  of  the  mobility  ofthecarih 
is  the  most  plausible,  and  is  universally  admitted  by  mo- 
dern astronomers. — Pope  Paul  V.  appointed  commissioners 
to  examine  the  opinion  of  Copernicus  with  regard  to  ilic 
mobility  of  the  earth.  The  result  of  their  inquiry  was,  a 
prohibition  to  assert,  not  that  the  mobility  was  possible. 
but  that  it  was  really  true  :  that  is,  they  allowed  the  mr)- 
bility  of  the  earth  to  be  held  as  an  liypothrsis,  which  gi\('~ 
an  easy  and  sensible  solution  of  the  phenomena  of  the 
heavenly  motions ;  but  forbade  this  doctrine  to  be  main- 
tainted  as  a  thesis,  or  real  effective  thing;  because  tlioy 
conceived  jt'contrary  to  Scripture. 

MODILLIONS,  small  inverted  consoles  under  the 
soffit  or  bottom  of  the  drip,  or  of  the  comiche,  secmin" 
to  support  the  projecture  of  the  larmier,  in  the  Ionic,  Cimi- 
posite,  and  Corinthian  orders'. 

MODULAR  iiao'o,  a  term  invented  by  Mr.  Coles,  to 
denote  the  ratio  or  number  whose  logarithm  is  what  he 
calls  the  modulus.     This  ratio  is  the  ratio 
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that  is,  the  ratio  of  27 1 SS8 1  &2S459  &c  to  I , 
or  tho  ratio  of  1  to  0-367879441 171  &c. 
See  MoouLUB,  and  Coti-s's  Logiimetria. 

MODULE,  or  Little  Measure,  in  Architecture,  a 
certain  measure,  taken  at  pleasure,  for  regulating  the  pro- 
portions of  columns,  and  the  symmetry  ur  distribution  ol 
the  whole  building.  Architecisusually  choose  the  diame- 
ter, or  the  semidiametor,  of  thi-  bottom  of  the  column,  foi 
their  module;  which  they  subdivide  into  minutes;  foi 
cstimnitng  all  the  other  parts  of  thr  building  Ly. 

MODULUS,  of  a  system  oflogariihms,  a  ttrm  used  bj 
Mr.  Cotes,  to  denote  the  log.  of  the  modular  ratio.  All 
the  logs,  in  any  system,  are  proportional  to  this  modulus. 
which  in  the  hyperbolic  or  Napier's  lugs,  is  1 ,  and  in  th( 
common  or  Briggs's  logs,  is  0'434a944819  &c.  Se< 
MouuLA  B  Ratio,  qnd  Coles's  Logometriu. 

M01NEAU,  a  flat  bastion  raised  before  a  curlin  whcr 
it  is  too  long,  and  the  bastions  of  the  angles  too  remote  it 
be  able  to  defend  each  other.  Sometimes  ihe  nioinrau  i- 
joined  to  the  curlin,  and  sometimes  it  is  divided  from  i: 
by  a  moat.     Here  musquetry  are  placed  to  fire  each  way 

MOIVRE,  De.     SecDEMoivRE. 

MOLYNEUX  (Williah)^  an  excellent  matbemo- 
tician  and  astronomer,  was  born  at  Dublin  in  1606,  Aftei 
the  usual  grammar  education,  which  he  had  at  home,  hi 
was  entered  of  the  college  of  that  city.  Here  he  distin 
guished  himself  by  the  probity  uf  his  manners,  as  well  n: 
by  the  strength  of  his  genius;  and  having  made  a  ri'mark 
able  progress  in  academical  learning,  and  particularly  ii 
the  new  philosophy,  as  it  was  then  called,  after  four  year; 
spent  in  this  university,  he  was  sent  over  to  London,  when 
he  was  admitted  into  the  Middle  Temple  in  1675.  Her. 
he  spent  three  years,  in  the  study  of  the  laws  of  his  Coun 
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try.     But  the  bcnl  of  bis  geniui  Uy  stroDgly  toward  ma-  the  moit  geocnilly  uicful  pmpositiqiia  for  praclicc,  <lctnoD- 
thematical  and  philosophical  studies;  and  even  at  the  Btrated  in  a  clear  andeasy  inaiiiier,for»hich  reasonit  wai 
uiiiveTsily  be  -conceived  a  dislike  to  scholastic  learning,  for  many  years  used  by  the  artificers  :  and  the  second  part 
and  fell  into  the  methods  of  lord  Bacon.  is  very  entertaining,  especially  ia  the  history  which  be 
Returning  to  Ireland  in  1678,  he  shortly  after  married  gives  of  the  several  optical  instruments,  and  of  the  disco- 
Lucy  the  daughter  of  sir  William  Domvillc,  the  king's  veries  madebylhem. 
'    attorney -general.     Being  maslcr  of  on  easy  fortufie,  he  As  soon  as  the  public  Iranquillity  was  settled  in  his  na- 
continued  to  indulge  himself  in  prosecuting  such  branches  live  country,  he  returned  home;  and,  on  the  convening  of 
of  natural  and  experimental  philosophy  as  were   most  a  new  parliajiient  in  1692,  was  chosen  one  of  the  repre- 
agreeable  to  his  fancy;  in  ivhich  astronomy  having  the  sentatives  for  the  city  of  Dublin.     In  the  next  parliament, 
greatest  share,  be  began,  about  l6Sl,  a  literary  correspond-  in  iGS^^  he  was  chosen  to  rtpresent  the  university  there, 
'   encc  with  Mr.  Fiamsleed,  the  astronomer  royal,  which  was  and  continued  to  do  so  to  the  end  of  his  life;  that  learned 
continued  for  st-veral  years.     In  l683  he  formed  a  design  body  having  lately  conferred  on  him  the  degree  of  doctor 
'    of  erecting  a  Philosophical  Society  at  Dublin,  in  imitation  of  laws.     He  was  also  nominated  by  the  lord -lieu  tenant 
of  the  Royal  Society  at  London  ;  and,  by  the  countenance  one  of  the  commissioners  for  the  forfeited  estates,  to  which 
and  encouragement  of  Sir  'Wilham  Petty,  who  accepted  employment  was  annexed  a  sal.nry  of  5(fOt.  a  year;  but 
the  office  of  president,  began  a  weekly  meeting  that  year,  considering  it  as  an  invidious  office,  he  declined  it. 
when  our  author  was  appointed  their  first  secretary.  In  169S,  he  published  "  The  Case  of  Ireland  stated,  ia 
Mr.  Molyneux's  reputation  for  learning  recommended  regard  to  its  being  bound  by  Acts  of  Parliament  made  in 
him,  in  1684,  to  the  notice  and  favour  of  the  first  great  England ;"  in  which  it  is  supposed  be  has  dehvcred  all,  or 
duke  of  Orroond,   then   lord-lieutenant  of  Ireland;  by  most,  that  can  be  said  upon  this  subject,  with  great  clcar- 
wbose  influence  chiefly  he  wasappointed  that  year,  jointly  ness  and  strength  of  reasoning. 

with  sir  William  Robinson,  surveyor-general  of  the  king's  Among  many  learned  persons  with  whom  he  maintained 

buildings  and  works,  and  chief  engineer.  correspondence  and  friendship,  Mr.  Locke  was  in  a  par- 

In  1685,  be  was  chosen  fellow  of  the  Royal  Society  at  ticular  manner  dear  to  him,  as  appears  from  their  letters. 

London  ;  and  the  same  year  he  was  sent  by  the  govern-  In  the  above-mentioned  year,  which  was  the  last  of  our 

tnent  to  view  the  most  considerable  fortresses  in  I'landcrs.  author's  life,  he  made  a  journey  to  England,  on  purpose 

Accordingly  he  travelled  through  that  country  and  Hot-  to  pay  a  visit  to  that  great  man  ;  and  not  long  after  hia 

land,  as  also  of  Germany  and  France  ;   and  carrying  with  return   to  Ireland,  he  was  seixed  with  a  fit  of  the  stone, 

him  letters  of  recommendation  from  Flamstecd  to  Cassini,  which  terminated  his  existence. 

be  was  introduced ito  hiro  and   others,  the  most  eminent  Besides  the  three  works  already  mentioned,  v'u,  the 

astronomers  in  the  several  places  through  which  he  passed.  Scioibericum  Telescopium,  the  Dioptricft  Nova,  and  the 

Soon  after  his  return  from  abroad,  he  published  at  Dub-  Case  of  Ireland  stated ;  he  published  a  great  number  of 

lin,  in  i686,  his  Sciothericum  Telescopium,  containing  a  pieces  in  the  Philosophical  Transactions,  which  are  con- 

Dwcriptionofthe  Structure  and  Use  of  a  Telescopic  Dial,  tained  in  the  volumes  14,  15,  I6,  18,  I9,  20,  21,  22,  23, 

invented  by  him:  another  edition  of  which  was  published  36,  29,  several  papers  comraonly  ia  each  volume, 

at  London  in  1700.  Moltneux  (Samuel),  son  of  the  fortner,  was  bom  at 

In  l6a8  thePhiloso[^icatSacietyof  Dublin  was  broken  Chester  in  July  l6sg;^  and  educated  with  great  care  by 

up  and  dispetse<l  by  the  confusiunof  the  times.     Mr.  Mo-  hid  father,  according  to  the  plan  laid  down  by  Locke  on 

lyneux  bad  distinguished  himself  as  a  member  of  it  from  that  subject.     When  his  father  died,  he  was  left  to  the 

the  [>cginning,  aiid  presented  several  discourses  upon  cu-  management  of  his  uncle.  Dr.  Thomas  Molyneux,  an  ex> 

rious  subjects,  some  of  which  were  transmitted  to  the  cellent  scholar  and  physician  at  Dublin,  and  alsoau  inti- 

Royal  Society  at  London,  and  afterwards  printed  in  the  mate  friend  of  Mr.  Locke,  whoexecuted  bis  trust  so  well. 

Philosophical  Transaction'^.     In  iGSH,  among  great  num- '  that  Mr.  Molyneux  became  afterwards  a  most  polite  and 

bers  of  (jther  Protestants,  he  withdrew  from  the  disturb-  accomplished   gentleman,   and   was   made  secretary  to 

ances  in  Ireland,  occasioned  by  the  severities  of  Tyrconnel's  George  the  3d  when  prince  of  Wales.     Astronomy  and 

government';  and  after  a  short  stay  at  London,  he  fixed  optics  being  his  favourite  studies,  as  they  had  been  bit 

himself  with  his  family  at  Chester.     In  this  retirement,  he  father's,  he  projected  many  schemes  for  the  advancement 

employed  himself  in  putting  together  the  materials  be  had  of  thein,  and  was  particularly  employed  in  the  years 

some  time  before  prepared  for  his  Dioptrics,  in  which  he  1723,-1724,  and  1725,  in  perfecting  the  method  of  malting 

was  much  assisted  by  Mr.  Flajnstecdi  and  in  August  169O,  telescopes;  one  of  which  instruments,  of  his  own  making, 

he  went  to  London  to  put  it  to  the  press,  where  the  sheets  he  bad  presented  to  John  the  5th,  king  of  Portugal, 

were  revised  hy  Dr.  Hallcyi  who,  at  our  author's  request.  Being  soon  after  appointed  a  commissioner  of  the  admi- 

^ve  leave  for  printing,  in  the  apprndi.t,  his  celebrated  ralty,  he  became  so  engaged  in  public  aflairs,  that  he  had 

Theorem  Eor  finiiing  the  Foci  of  Optic  Glnsses.     Accord-  not  leisure  to  pursue  those  inquiries  any  further,  as  bein-v 

ingly  tbe  book  came  out,  16^2,  in  4to,  under  the  title  of  tended.     He  therefore   gave  bis  papers  to   Dr.   Robert 

"  DioptricaNova:  a  Treatise  of  Dioptrics,  in  two  parts;-  Smith,  professor,  of  astronomy  at  Cambridge,  whom  he 

wherein  the  various  effects  and  appearances  of  spherical  invited  to  make  use  of  his  house  and  apparatus  of  insiru- 

glasses,  both  convex  and  concave,  single  and  combined,  ments,  in  order  to  finish  what  he  had  left  imperfect.     But 

in  telescopes  and  microscopes,  together   with  their  useful-  Mr,  Molyneux  dying  soon  after.  Dr.  Smith  lost  the  oppor- 

ness  iii  many  concerns  of  human  life,  are  explained.''     He  tunily ;  he  however  supplied  what  was  wanting- from  M. 

gave  it  the  title  of  Dioptrica  Nova,  both  because  it  was  Huygens  and  others,    and  published    the  whole   in   bis 

almost  wholly  new,  very  little  being  borrowed  from  other  "  Complete  Treatise  of  Optics." 

writers,  and  because  it  was  the  first  book  that  appeared  in  MOMENT,  in  Time,  is  sometimes  taken  for  an  ex- 
English  upou  tbe  subject.    The  work  coalains  several  of  tremely  small  port  of  dur^ion ;  but,  more  propcjly,  it  is 


,  Google 


M  O  N 


[ 


] 


M  O  N 


only  an  instant  or  terminatioD  or  limit  in  time,  like  a 
point  in  geometry.   Maclaurin's  Plititions,  vol,  1 ,  pa.  2i5. 

MoHBWTSt  ■>■  'b<^  "^^  Doctrine  of  Infinites,  denote  the 
indefinitely  small  parts  of  quantity ;  or  they  iire  tbe  same 
with  what  arc  otherwise  caHed  infiDilesimals,  and  diffe- 
rences, or  ii£rements  and  decrements;  being  tbe  momen- 
tary  incri'mcnts  or  decrements  of  quantity  considered  as 
in  a  continual  flux.  Momenta  are  the  generative  princi- 
ples of  magnitude:  they  have  no  determined  magititude  of 
their  own;  but  are  only  inceptive  of  magnitude.  Hence, 
as  it  IB  the  same  thing,  if,  instead  of  these  moments,  the 
velocities  of  their  increases  and  decreases  be  made  use  of, 
or  the  finite  quahtilies  that  are  proportional  to  such  velo- 
cities; the  method  of  proceeding  which  considers  the 
motion;,  changes,  or  fluxions  of  quantities,  is  denominated, 
by  Sir  Isaac  Neivton,  the  method  of  fluxions. 

Leibniiz,  and  most  foreigners,  considering  these  infi- 
nitely small  parts,  or  infinitesimals,  as  the  diBerences  of 
two  ijuantiiiea;  and  thence  endeavouring  to  find  the  diffe- 
rences of  quantities,  i.  e,  some  moments,  or  quantities  in- 
definitely small,  which  taken  an  infinite  number  of  times 
shall  equal  given  quantities;  call  these  moments,  diffe- 
rences ;  and  the  method  of  procedbre,  the  differential  cal- 
culus, 

MoHEiTT,  OT  XomerUum,  in  Mechanics,  is  the  same 
thing  with  Impetus,  or  the  quantity  of  motion  in  a  moving 
body.  In  comparing  the  motions  of  bodies,  the  ratio  of 
their  momenta  is  always  compounded  of  the  quantity  of 
matter  and  the  celerity  of  the  moving  body  :  so  that  the 
momentum  of  any  such  body,  may  be  considered  as  the 
"  rectangle  or  product  of  the  quantity- of  matter  and  the 
velocity  of  the  motion.  As,  if  b  denote  any  body,,  or  the 
quantity  or  mass  of  matliT,  and  v  the  velncity  of  its  mo- 
tion; then  bv  will  express,  or  he  proportional  to,  its  mo- 
mentum m.  Also  if  B  be  another  body,  and  t  its  velo- 
city ;  then  its  momentum  u,  is  as  bv.  So  that,  in  gene- 
ral, M  :  m: :  bv  :  te,  i.  e.  the  momenta  are  as  the  pro- 
ducts of  tbe  mass  and  velocity.  Hence,  if  the  momctita 
»  and  m  be  equal,  then  shall  the  two  products  bt  and  bo 
be  equal  also;  and  consequently  B  :  6  :  :  v  :  v,  or  the 
bodies  will  be  to  each  other  in  the  inverse  or  reciprocal 
ratio  of  thuir  velocities;  that  is,  either  body  is  so  much 
the  greater  as  its  velocity  is  less.  And  this  force  of  mo- 
mentum is  of  a  different  kind  from,  and  incomparably 
greater  than,  any  mere  dead  weight,  or  pressure  what- 

The  momentum  also  of  any  moving  body,  may  be  con- 
sidered as  the  aggregate  or  sum  of  all  the-mumenta  of  the 
parts  of  (hat  body ;  and  therefore  when  the  magnitudes 
and  number  of  particles  are  the  same,  and  also  moved 
with  the  same  celerity,  then  will  the  momenta  of  the 
wholes  be  the  same  also, 

MONDAY,  the  second  da.y  in  the  week. 

MONADES.     Digits,  indivisible  things. 

MONNIER,  (Peteh  Ciiarlf-s  ie)  the  son  of  Peler 
le  Monnier,  professor  of  philosophy  at  Paris,  was  born  at 
Paris,  November  20,  1715.  and  died  at  Lizicux  in  Nor- 
mandy, April  3,  1799.  in  the  84th  year  of  his  age,  and 
then  the  oldest  astronomer  in  Europe.  His  observations 
and  memoirs,  to  a  vast  number,  are  chiefly  contained  in 
the  memoirs  of  the  Royal  Academy  of  Sciences ;  besides 
'  which,  be  published  the  Histoire  Celeste,  1741.  in  4to. 
In  this  work  is  twice  found,  but  only  as  a  fixed  star,  Dr, 
Hcrschel's  new  planet.  From  his  earliest  years  he  de- 
voted himself  to  aslroDomy;  when  a-youth  of  l6  be  made 


his  first  observations,  viz.  of  the  opposition  of  Saturn.  At 
30,  he  was  nominated  a  member  of  the  Rdyal  Academy 
of  Sciences.  In  1735,  he  accompanied  Maupertuis  in 
the  expedition  to  Lapland,  to  measure  a  degree  of  the 
meridian:  and  he  was  the  first  astronomer  who  had  the 
satisfacfion  of  measuring  the  diameter  of  tbe  moon  on  the 
sun's  disk.  In  1750,  he  drew  a  meridian  at  the  Royal 
Chiteau  at  Bellevue,  where  the  king  often  made  obser- 
vations. Le  Monnier  was  naturally  of  a  very  irritable 
temper;  as  ardently  as  he  loved  his  friends,  as  easily  coiUd 
he  be  offended  ;  and  his  hatred  was  then  implacable.  La- 
lande,  who  had  been  his  pupil,  had  the  misfortune  to  incur 
bis  displeasure ;  and  he  never  aftet  could  r^ain  his  favour. 
At  tbe  time  of  Le  Monniei's  death,  he  had  amassed  a  vast 
quantity  of  observations,  which  he  could  never  be  pre- 
vailed on  to  publish,  but  concealed  tbem  in  a  place,  which 
it  wa£  feared  he  had  forgotten ;  so  that  it  has  been  sup- 
posed they  are  lost  lo  the  world,  unless  the  place  should 
happen  to  be  known  to  the  celebrated  mathematician  Lti-' 
grange,  who  marri;:d  One  of  his  daughters  in  1799. 

MONOCEROS,  the  Unicom,  one  of  the  new  constel- 
lations of  the  iiorlhern  hemisphere,  or  one  of  those  which 
Hcvelius  has  added  to  the  48  old  asterisms,  and  formed 
out  of  the  stellai.informes,  or  those  which  were  not  com- 
prised within  the  outlines  of  any  oF  the  others.  In  Henr- 
lius's  catalogue,  the  Unicom  contains  19  stars,  but  in  the 
Britannic  catalogue  31. 

MONOCHORD,  a  musical  instrument  with  only  one 
string,  used  by  the  ancients  to  try  tbe  variety  and  propor- 
tion of  sounds.  Ii  was  formed  of  a  rule,  divided  and  sub- 
divided into  several  parts,  on  which  (here  is  a  moveable 
string  stretched  over  two  bridges  at  the  extremes  of  it. 
In  the  interval  between  these  is  a  sliding  or  moveable 
bridge,  by  means  of  which,  in  applying  it  to  the  different 
divisions  of  the  line,  the  sounds  are  found  to  bear  the  same 
proportion  to  each  other,  as  the  division  of  the  line  cut  by 
the  bridge.  This  instrument  is  also  celled  the  Harmonical 
Canon,  or  the  Canonical  Rule,  because  it  serves  to  mea- 
sure the  degrees  of  gravity  oracutencss.  Ptolemy  examines 
his  harmonical  intervals  by  the  monochord.  When  the 
chord  wasdividedintotwo  equal  parts,  so  that  theparts  were 
as  1  to  1,  they  called  them  Unisons;  but  if  they  were  as  Q 
to  1,  they  called  them  Octaves  or  Diapasons;  when  they 
were  as  3  to  2,  ibey  called  them  Diapentes,  or  Fifths;  if 
they  were  as  4  to  3,  they  called  them  Diatessarons,  or 
Fourths;  if  (he  parts  were  as  5  to  ♦,  they  called  them 
Diton,  or  Major-third  ;  but  if  they  were  as  6  to  5,  they 
were  called  a  Demi-diton,  or  Minor-third  ;  and  lastly,  if 
the  parts  were  as  34  to  35,8  Demitone,  dr  Dieze. 

The  monochord,  being  thus  divided,  was  properly  what 
they  called  a  system,  of  which  there  were  many  kinds,  ac- 
cording to  the  diflerent  divisions  of  the  mono<^ord. 

MoNocHORU  is  also  used  for  any  musical  instrument 
consisting  ofonly  one  chord  or  string.     Such  is  thetrump- 

MONOTRIGLYPH,  a  term  in  Architecture,  denoting 
the  space  of  one  triglyph  between  two  pilasters,  or  two 
columns. 

MQNSOON,  a  regular  or  periodical  wind,  that  blows 
one  way  for  6  months  together,  and  the  contrary  way  the 
other  6  months  of  the  year.  These  prevail  in  several  parts 
of  the  eastern  and  southern  oceans. 

MONTH,  the  12th  part  of  the  year,  and  is  so  called 
from  the  moon,  by  whose  motions  it  was  formerly  regu- 
lated ;  being  properly  the  time  in  which  the  moon  runs 
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through  the  lodi&c.  Tbe  lunu  month  i>  cither  illumi-  putitnoQitt,  who  bad  been  left  guardian  of  bis  education, 
native,  periodical,  or  synodical.  died  4  years  ufter.  Having  finished  hi>  studies  at  Lyoia, 
Iliuin»atioc  MoNxa,  ii  the  interval  between  tlie  first  he  went  to  Toulouse  lo  iludy  the  law,  a  branch  of  tcudy 
appearance  of  one  new  moon  and  that  of  the  next  follow-  deemed  necessary  in  the  liberal  education  of  every  peisou 
ing.  As  the  moon  appeals  sometimes  sooner  after  one  not  destined  for  the  profession  of  arms. 
change  than  after  another,  the  quantity  of  the  illuminative  From  bcncc  he  repaired  to  Paris,  to  enjoy  in  that  ca- 
monch  is  not  always  the  same.  The  Turks  and  Arabs  piiat  all  the  benefiti  it  atforded  to  the  studious,  in  the 
reckon  by  this  month.  lessons  nf  the  best  masters,  in  the  rich  collections  of  the 
IjauiT  Periodical  Mokth,  is  the  lime  in  which  the  productionsof  nature  and  art,  in  the  best  libraries  of  books,, 
moon  runs  Arou^  the.iodiac,  or  returns  to  the  same  and  in  the  united  societies  of  the  literati,  among  whom 
point  again  ;  the  quantity  of  w^ch  is  27  days  7hrs  43m.  he  found  frieuds  for  the  rest  of  his  life,  and  which  fixed 
8  sec.  and  determined  bis  choice  and  {mrsuiUof  the  mathemati- 
Lmmt  r^itoftico^  MoMTH,  called  also  a  Lunation,  is  the  col  and  philosophical  sciences,  in  which  he  afterwards 
time  between  two  conjunctions  of  the  moon  with  the  aun,  distinguiuied  himself  in  so  eminent  a  degree.  It  was  only 
or  between  two  new  moons;  the  quantity  of  which  is  S9  in  relaxing  and  unbending  his  mind,  from  such  severe  exr 
days  IS  hours  44  m.  2  sec.  48  thirds.  The  ancient  Ro>  ercises,  that  he  could  sometimes  occupy  himself  privately 
raaiu  used  lunar  months,  and  made  tbem  alternately  of  30  on  subjects  of  less  magnitude  ;  such  as  when  he  in  a  man- 
and  30  days :  th^  marked  the  dayi  of  each  month  by  ner  made  an  entire  now  book  of  Ozanam'a  Mathematical 
three  terms,  viz,  Calends,  Nones,  and  Ides.  Recreations,  by  the  multitude  of  articles  added,  abridged,. 
StAar  Month,  is  the  time  in  which  the  sun  runs  or  substituted  :  on  which  occasion  he  bad  so  closely  con- 
through  one  entire  sign  of  the  ecliptic,  the  mean  quantity  cealed  from  every  person  the  secret  of  his  concern  in  that  ' 
of  which  is  30  days  10  hours  39  min.  5sec.  being  the  IQlh  neat  and  improved  edition,  that  the  work  was  actually 
part  of  365  ds.  5  hr».  49  min,  the  mean  solar  year.  sent  to  bitn  to  examine  and  authorize  in  his  capacity  of 
Attrommical  or  Natural  Month,  is  that  measured  by  public  censor  for  mathematical  books,  an  honorary  office 
tome  exact  intervalcorresponding  to  the  motion  of  thcsun  to  which  he  had  some  time  before  been  appointed..  To- 
or  moon.  Such  are  the  lauar  and  solar  months  above-  the  last  edition  of  those  Recreations  honevcr,.  he  set  the 
mentioned.  initials  of  his  name, 

Civil  or  Comm»n  Month,  is  an  interval  of  a  certain  Many  other  pieces  were  in  the  like  anonymous  manner 

number  of  whole  days,  approaching  nearly  to  the  quan-  composed  by  Montucla  ;  among  which  mny  be  here  no- 

tity  9f  some  astronomical  month.     These  may  be  either  ticed  an   ingenious   and  learned   History  of  Researches 

lunar  ot  solar.     The                               ~  relating  to    ihe  quadrature   of  the  circle,  published  in 

Cm>7l4(7iarMoNTH,ConsisUalternBtelyof39Bnd30days.  1754;  a  work  v^ry  interesting,  on  account  of  the  number 

HiUB  wilt  two  civil  months  be  equal  to  two  astronomical  of  speculators  who  have  gone  astray  after  that  seducing 

ones,  abating  for  the  odd  minutes ;  and  so  the  new  moon  phantom,  and  of  thi'  curious  properties  which  the  le- 

will  be  kept  to  the  first  day  of  such  civil  months  for  a  long  searches  have  given  rise  to. 

time  tf^ther.    This  was  the  month  in  civil  or  common  On  occasion  of  intruducin);  into  France,  in  1756,   the 

tue  among  the  Jews,  Greeks,  and  Romans,  tilllhe  time  erf  practice  of  inoculation,  which  had  been  introduced  into 

Julius  Csesar.    Thp  England  in  1721,  by  lady  Montague,  on  her  return  from 

£!fi)ij  Sbfm- Month, consisted  alternately  of  30  and  3^1  Constantinople,   Moniucla  made  a  translation  from  the- 

days,  excepting  one  month  of  the  twelve,  which  consisted  English  of  the  priucipxl  writings  on  that  subject,  which, 

only  (rf  29  days,  hut  every  4th  year  of  30  days.     And  this  he  added  lo  the  Memoire  of  la  Condamine. 

form  of  civil  months  was  introduced  by  Julius  Ca»ar.  Un-  In  the  year  175S,  came  out  Montucla's  grand  worlc,  tha- 

der  Augustus,  the  6th  month,  till  then  from  its  place  called  History  of  Matliematics,  in  Slargc  volumes  in  4to:  n. 

sextilis,  received  the  name  Augustus,  now  August,  in  work  of  profound  reading  und  leum;ng,  and  upon  which) 

honour  of  that  prince ;  and,  to  make  the  compliment  still  young  as  he  was,  he  hud  spent  a  great  many  years  of  hia- 

Ihe  greater,  a  day  was  added  to  it ;  which  made  it  consist  life.    This  performance,  of  immense  lalfuur  and  erudition,, 

of  31  days,  though  till  then  it  had  only  contained  30  days;  published  at  33  years  of  his  age,  justly  procured  lo  the 

to  compensate  for  which,  a  day  was  taken  from  February,  author  a  most  distiuguished  place  in  the  left rned  world, 

making  it  consist  of  2S  days,  and  29  every  4th  year.     And  This  history,  so  truly  admirable,  whether  we  consider  the 

such  are  the  civil  or  calendar  months  noi)  used  through  extreme  clearness  and  precision  with  which  the  subjects' 

Europe.  ore  treated,  or  the  profound  teaming  it  exhibits,  having 

MONTUCLA  (Jouv  Stiphbn),  member  of  the  Na-  been  long  out  of  print,  the  author's  employment  under  the 

tiotul  Institute,  and  of  the  Academy   of  Berlin,  censor  government,  as  first  commissary  of  tbc  king's  buildings;, 

royal  of  mathematical  books,   was  born   at  Lyons,  the  for  many  years  prevented  him  from  fully  yielding  to  the 

5th   of  September  1725.     His  father  was  a  banker,  by  solicitations  of  his  learned  friends,  to  continue  the  work 

whom  he  was  intended  for  the  same  profession  ;  but  the  through  the  ISth  century,  in  a  new  and  enlarged  edition. 

.    science  of  calcolations,    to  which   he  was  early  intro-  But  the  unfortunate  loss  of  bis  fortune  and  employment, 

duced,    soon  produced  a  discovery  of  the  natural   bent  by  the  late  revolution  in  France,  left  him  but  too  much, 

of  bis  mind.    In  the  Jesuits-college  at  Lyons  he  laid  a  leisure  for  that  purpose.     The  consequence,  happy  in  this, 

good  foundation  in  the  ancjent  lai^guages,  as  weU  as  in  instance  for  the  sciences,  has  been  a  new  edition  in  4  large 

the  mathematical  sciences,  which  enabled  him  afterwards  volumes  ;  in  which  the  history  is  continued  down  to  the- 

•a^ly  to  acquire   a   competent  acquaintance  with  the  end  of  the  Iftth  century,  and  the  former  ports  also  very. 

Italian,  die  German,  the.Dutch,  and  the  English,  which  he  much  enlarged  and  corrected. 

not  only  read,  hut  also  spoke  very  welt>  In  1755,  Montucia  was  olactcd  an  associated  memberr 

At  16.  years  of  ag«  Moutuda  kwt  his  father;  and  hb  .of  th«  Academy  at  Berlin..    And  in  176l  be  wasplacedt 
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'  at  Grenoble  as  secretary  to  the  otfice  of  intendance,  where 
lie  unijcil  in  a  liappy  marriage  with  Maria  Fran^oisc  Ro- 
mand. 

The  duke  3c  Cfioiseul  having  ordered,  in  17^^',  a  colony 
to  be  Ibrmej  at  Caycnnp,  Montucla  went  out  there  m  first 
secretary  to  the  commission,  lo  whicli  appoinimeni  was 
joined  also  that  of  astronomer  royal.  The  alfairs  of  tho 
colony  not  proving  successful,  after  15  montlis  Montucla 
returned  again  to  Grenoble,  bringing  with  bim  many  use- 
ful observations  and  specimens  in  botany  and  natural  his- 
tory, which  proved  beneficiiil  bulh.to  the  sciences  and  to 
the  public  at  large.  This  voyage  also  furnished  him  with 
those  curious  observations  on  1  be  shining  of  the  sea  in 
many  places,  and  of  various  luminous  insects,  which  are 
inserted  near  the  end  orthc-l-lh  volume  of  his  Recreations. 

Soon  after  his  return,  Mimtucla  ivas  appointed  at  Ver- 
,  aailles  to  the  honourable  and  profitable  otticc  of  first  com- 
missioner of  the  royal  and  public  buildings.;  an  employ- 
ment which  he  executed  with  |;reat  ability  and  usefulness 
during  more  than  Q5  years,  till  the  overthrow  of  the  mo- 
narchy put  an  end  at  once  to  this  office,  and  the  little  for- 
tune his  regularity  and  cecunnmy  had  enabled  him  to  save, 
throwing  him  again  on  the  world,  in  his  old  age,  naked 
and  stript  of  every  thing  except  bis  integtity,  and  tbe  love 
and  respect  uf  his  friends. 

The  modesty  and  integrity  of  Montucla  were  not  less 
remarkable  than  his  erudition^  He  was  oflered  a  place  in 
the  Academy  of  Sciences  of  Parii ;  which  ihrojigh  deli- 
cacy be  refused,  as  he  feit  he  should  not  have  leisure  suf- 
ficient'properly  to  attend  to  the  duties  of  it.  The  por- 
tions of  time  which  others  would  give  to  their  pleasures, 
or  amusements  in  their  families,  be  always  devoted  to  the 
details  of  tbe  duties  of  his  office,  or  to  hia  studies.  The 
translation  from  the  English,  of  Carver's  Travels  in  North 
America,  was -the  sole  monument  nf  his  pen,  during  that 
long  interval  And  even  this  was  produced  properly  in 
the  faithful  dischai^e  of  the  public  duties  with  which  he 
was  charged.  Being  particularly  intrusted  by  the  govern- 
ment with  the  correspondence  relating  to  the  voya^ 
which  it  ordered,  he  made  it  his  duty  and  care  to  collect 
ail  the  accounts  he  could  find  relating  to  such  enterprises 
by  other  countries.  With  this  view,  at  firat  only  amusing 
his  family  with  the  reading  of  Carver's  Travels,  finding  it 
entertaining  and  instructive,  be  copipleled  and  published 
tbe  Ivhole  tntnslstion- 

Montucla  was  named  ft  memberof  [he  National  Institute 
from  the  lime  of  its  commencement.  And  the  govern- 
ment of  1795  employed  him  in  examining  and  analysing 
the  treatises  deposited  in  the  national  archives-  He  was 
named  professor  of  mathematics  of  the  central  school  at 
'  Paris;  but  the  bad  state  of  his  health  would  i)ot  permit- 
him  to  accept  it;  and  the  department  honoured  him  with 
a  place  in  the  jury  of  central  instruction.  But  a  place  in 
the  office  for  the  national  lottery  was  the  only  resource  for 
<  his  family  during  two  years;  a  pension  of  2400  francs 
(109'.)  given  him  by>the  minister  Ncufehatcau  on  the 
death  of  Suussure,  and  which  he  enjoyed  only  four  months 
befoie  bis  decease,  which  happened  the  ISlhof  December 
1799-  It  wai  chiefly  occasioned,  as  it  often  happens  lo 
literary  and  sedentary  men,  by  a  retention  of  urine: 
leaving  a  widow,  as  also  a  daughter,  married  in  i7S3, 
and  a  son  employed  in  the  office  of  tbe  minister  for  tbe 
interior. 

Montucla  was  one  of,  the  many  considerable  mathema- 
ticians of  the  18th  century;  being  well  acquainted  with  . 
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all  the  braiiehea  aitd  improvemeats  in  those  ahilrusc  &ci' 
encps.  His  tasle  however,  always  chaste  and  clear,  Inl 
him  to  prefer  tbe  pure  and  luminous  methods  of  [be  »n- 
cient  mathematicians,  and  to  blame,  in  the  French  anil 
tbe  Germans,  the  great  neglect  of  the  same  principles, 
which  they  showed  on  all  occasions  by  their  prefircDCc  ot 
the  more  modern  analysis. 

In  the  qualities  of  bis  heart  too  Montucla  was  truly 
estimable:  remarkably  modest  in  his  manner  and  deport- 
ment ;  benevolent  tar  beyond  the  means  of  his  small  fui- 
tune:  of  a  very  respectable  personal  appearance;  hespuki 
with  ease  and  precision,  but  unassuming  and  with  slmpli' 
city  ;  related  anecdotrs  and  stories  in  a  pleasant  and  pla) 
ful  manner;  and  breathing,  in  all  his  conduct  and  depot t 
of  virtue,  and  the  delicacy  of  a  tiii< 


MOON,  Luna,  i  ,  one  of  the  heavenly  bodies,  brin; 
a  satellite,  or  secondary  planet  to  the  earth;  considern 
as  a  primary  planet,  about  which  she  revolves  in  anellipti< 
orbit,  or  rather  the  earth  and  moon  revolve  about  a  com 
roon  centre  of  gravity,  which  is  as  much  itearer  10  tii 
earth's  centre  than  to  the  moon's,  as  tbe  mass  uf  the  fui 
mer  exceeds  that  of  tbe  latter. 

The  mean  time  of  a  revolution  of  the  mooii  about  th 
earth,  from  one  new  moon  to  another,  when  she  overlakf 
the  sun  again,  is  39d.  12  h.  44  m.  2s.  4Slh,;  but  shemovi 
once  round  her  own  orbit  in  37d.  7h.  43m.  Ss.  moviri 
about  2S9O  miles  every  hour;  and  turns  once  round  h( 
axis  exactly  in  tbe  time  that  she  goes  round  iheearti 
which  is  the  reason  that  she  shows  always  the  same  si( 
towards  in;  and  that  her  day  and  night  taken  togcthi 
are  just  as  long  as  our  lunac  month. 

The  mean  distance  of  ihc  moon  from  the  earth  is  d 
radii,  or*30  diameters,  of  the  earth;  .which  is  aboi 
237,500  miles.  The  mean  excentricity  of  her  orbit 
T^D  or  y'j-tb  nearly  of  her  mean  distance,  amounting 
about  13,000  miles.  Her  diameter  is  to  that  of  the  eart 
as  20  to  73,  or  nearly  as  3  to  1 1 ,  or  1  to  3^ ;  and  ther 
fore  it  is  equal  to  31S0  miles:  her  mean  apparent  di 
meter  is  31'  16"!,  that  of  the  sun  being  32'  12".  Tl 
surface  of  the  moon  is  to  the  surface  of  the  earth,  as 
to  13{,  or  as  3  to  40;  so  that  the  earth  reflects  13  tim 
as  much  light  upon  tbe  moon,  as  she  does  upon  thceartl 
and  her  solid  content  to  that  of  the  earth,  as  3  to  146, 
as  1  to  48f.  The  density  of  the  moon's  body  is  lo  th 
of  the  earth,  as  3  to-1;  and  therefore  her  ({UBntity 
matter  to  that  of  the  earth,  as  1  to  39  very  nearly ;  t 
-  force  of  gravity  on  her  sui^face,  is  lo  that  on  ihe  earl 
as  100  to  293.  The  moon  has  liUlc  or  no  difference 
seasons  ;  because  her  axis  is  almost  perpendicular  to  t 
ecliptic. 

P/iemmena  and  I'ha»etqf  the  Moov.  The  moon  bei 
a  dark,  opaque,  spherical  body,  only  shining  wiih  t 
light  she  receives  from  the  sun,  hence  only  that  si 
turned  towards  him,  at  any. instant,  can  be  illutninati 
the  opposite  side  remaining  in  its  native  darkness  :  and, 
the  face  of  the  moon  visible  on  our  earth,  is  that  pari 
her  body  turned  towards  us ;  so,  according  to  the  varit 
positions  of  the  moon,  yith  respect  to  tbe  earth  and  si 
we  perceive  different  degrees  of  illumination;  sometin 
a  large  and  sometimes  a  less  portion  of  the  eiilighter 
surface  being  visible  :  And  hence  tbe  moon  appears  son 
times  increasing,  then  waning;  sometimes  horned,  tl 
half-round ;  sometimes  gibbous,  then  full  and  ruu 
This  may  be  easily  illustrated  by  means  of  an  ivory  b; 
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which  being  before  a  candle  in  various  posidoni,  will  when  the  line  of  the  apset  coincides  wltb  that  of  the  sy- 

present  a  greater  or  less  portion  of  iU  iiluminated  hemi-  zygics,  and  least  when  these  lines  are  at  right  angles  to 

Bpheretoiheviewoftlieob3erver,accordingloitssituation  each  other.     Nor  is  the  apogee  of  the  moon  .without  an 

in  moving  it  round  the  candle.  irregularity ;  being  found  to  move  lofward,  when  it  coin- 

The  same  phases  may  be  otherwise  exhibited  thus :  cides  with  the  line  of  the  syzygies ;  and  backward,  when 

Let  s  represent  the  sun,  t  the  earth,  and  abcd  &c  the  it  cuts  that  line  at  right  angles.     Neither  is  this  progress 

moon's  orbit.  (Plate  19,  fig.  3.)     Now,  when  the  moon  or  regress  uniform ;  for  in  the  conjunction  or  opposition, 

is  at  A,  in  conjunction  with  the  sun  s,  her  dark  side  it  goes  briskly  forward  ;  and  in  the  quadratures,  it  either 

being  entirely  turned   towards  the  earth,  she  will  be  in-  moves  slowly  forward,  stands  still,  or  goes  backward. — 

visible,  as  at  a,  and  is  then  called  the  new  moon.     When  The  motion  of  the  nodes  is  also  variable;   being  quicker 

she  comes  to  her  first  octant  at  b,  or  has  run  through  the  and  slower  in  different  positions. 

8th  part  of  her  orbil,  a  quarter  of  her  enlightened  hemi-         The  Phydad  Cause  qf  the  Moon's  Motion,  about  the 

sphere  will  be  turned  towards  the  earth,  and  she  will  then  earth,    is  the  same  as  that  of  all    the  primary  planets 

appear  horned,  as  at  b.     When  she  has  run  through  the  about  the  sun,  and  of  the  satellites  about  their  primaries, 

quarter  of  her  orbit,  anil  arrived  at  c,  she  shows  us  the  viz,  the  mutual  attracti'in  between  the  earth  and  moon, 

half  of  her  enlightened  hemisphere,  as  ale,  and  she  is  As  for  the  particular  irregularities  in  the  moon's  motion, 

then  said  to  be  at  the  half.     At  d  she  is  in  her^Zd  octant,  to  which  the  earth  and  other  planets  are  not  subject,  they 

andby  showing  us  more  of  her  enlightened  hemisphere  than  arise  from  the  sun,  which  acts  on,  and  disturbs  her  in  her 

at  c,  she  appears  gibbous,  as  at  d.     At  her  opposition  ordinaiy  course  through  her  orbit ;  and  are  all  niecbaui- 

at  E  her  nhule  enlightc'ned  side  ib   turned  towards  the  cally  deducible  from  the  same  great  law  by  which  her 

earth,  when  she  appears  round,  as  at  e,  and  she  is  said  general  motion  is  directed,  viz,  the  law  of  giavitation  and 

to  be  full ;  having  increased  all  the  way  round  from  A  to  attraction.  -  The  other  secondary  planets   which  attend 

E.  '  On  the  other  side  she  decreases  again  all  the  way  on  Jupiter,  Saturn,  &c,  are  also  subject  (o  the  like  irregu- 

from  E  to  a:  thus,  in  her  3d  octant  at  r,  part  of  her  dark  larilics  with  the  moon  j  as  they  are  exposed  to  the  same  per- 

■idc  being  turned  towards  the  earth,  she  again  appears  turbatiug  or  disturbing  force  of  the  sun;  but  their  dis- 

gibbous,  as  at/.  At  o  she  appears  still  farther  decreased,  tance  secures  them  from  bi'ing  so  greatly  alfeclid  as  the 

showing  again  just  one  half  of  her  illuminated  side,  as  iDOoa  is,  and  also  from  being  so  well  observed  by  us. 
atg.     But  when  she  cornea  to  her  fourth  octant,  at  H, she         For  a  familar  idea  of  this  matter,  it  must  linl  be  con- 

presenls  only  a  quarter  of  her  enlightened  hemisphere,  and  sidered,  that  if  the  sun  acted  equally  on  the  earl  h  and 

again  appears  horned,  as  at  A.     And  at  a,  having  now  moon,  and  always  in  parallel  lines,  this  actioit  would  serve 

completed  her  course,  she  again  disappears,  or  becomes  only  to  restrain  them  in  their  annual  motions  round  the 

a  new  moon  agatu,  as  at  first.     The  earth  also  presents  sun,  and  no  vay  affect  their  actions  on  each  other,  or  their 

exactly  the  same  phases  to  a  spectator  in  the  moon,  as  motions  about  their  common  centre  of  gravity.     But  bc- 

she  does  to  us,  but  only  in  a  contrary  order,  the  on^  cause  the  moon  is  nearer  the  sun,  in  one  half  of  her  orbit, 

being  full  when  the  other  changes,  &c.  than  the  earth  is,  and  farther  off  in  the  other  half  of  her 

T%e  Motions  of  the  Moow  are  most  of  them  very  irregu-  orbit;  and  because  the  power  of  gravity  is  always  less  at 

lar.    The  only  tquable  motion  she  has,  is  her  revolution  a  greater  distance:    it  follows,  that  in  one  half  of  her 

on  her  own  axis,  in  the  space  of  a  month,  or  time  in  orbit  the  moon  is  more  attracted  than  the  earth  towards 

which  she  moves  round  the  earth;  which  is  the  reason  the  sun,  and  less  attracted  than  the  earth  in  the  other 

that  she  always  turns  the  same  ttice  towards  us.     This  half;  and  henCe  irregularities  necessarily  arise  in  the  ino- 

exposure  of  the  Eame  face  is  not  however  so  uniform,  but  tions  of  the  moon;  the  excess  of  attraction  in  the  first 

that  she  turns  sometimts  a  little  more  of  the  one  side,  and  case,  and  the  defect  in  the  second,  becoming  a  foice  ihnt 

sometimes  of  the  other,  called  the  moon's  libration;  and  distuibs  her  motion:  and  besides,  ibc  action  of  the  sun,  on 

also  shows  sometimes  a  little  more  towards  one  pole  and  the  earth  and  moon,  is  not  directed  in  paralli,-]  lines,  but 

sometimes  towards  the  other,  by  a  motion  like  a  kind  of  in  lines  (hat  meet  in  the  centre  of  the  sun  ;  which  makes 

wavering,  or  vaciilaiion.     The  former  of  these  motions  the  effect  of  the  disturbing  force  still  the  more  complex 

happens  from  this  circumstance:  the  moon's  rotiflion  on  and  embarrassing.     And  hence,  as  well  as  j'loni  the  ta- 

her  a.\is  is  equable  or  uniform ;  while  her  motion  in  her  rious  situations  of  the  moon,  arise  the  numerous  irre^u- 

orbit  is  unequal,  being  quickest  when  the  moon  is  in  her  laritics  in  her  motions,  and  the  equations,  or  correction^ 

perigee,  and  slowest  when  in  the  apogee,  like  all  other  employed  in  calculating  her  places,  &c, 
planetary  motions;  whence  it  happens  that  sometimes         Newton,  as  well  as  others,  has  computed  the  quantities 

more  of  one  side  is  turned  to  the  earth,  and  sometimes  of  of  these  irregularities,  from  their  causes.  He  finds  that  the 

theothcr.     And  the  other  irregularity  arises  from  this  :  force  addedto  the  gravity  of  the  moon  inhcr  quadratures, 

that  the  axis  of  the  moon  is  not  perpendicular,  but  a  is  to  the  gravity  with  which  she  would'  revolve  in  a  circle 

little  inclined  to  the  plane  of  her  orbit:  and  as  this  axis  a^out  the  earth,  at  her  present  mean  distance,  if  the  sun 

.maintains  its  parallelism,  in  the  moon's  motion  round  the  had  no  eff;ict  on  her,  as  1  to  I7S^:  he  fitids  that  the 

earth  ;  it  must  necessarily  change  its  situation,  in  respect  force  subducted  from  her  gravity  in  the  conjunctions  and 

to  an  observer  on  the  eanh;  whence  it  happens  (hat  some-  oppositions,  is  double  of  this  quantity ;  and  that  the  area 

times  the  one,  and  lometimes  the  other  ptAe  of  the  moon,  described  in  a  given  time  in  the  quarters,  is  to  the  area 

becomes  visible.  described  in  the  same  time  in  the  conjunctions  and  oppo- 

Thc  very  Orbit  of  the  moon  is  changeable,  and  does  sitions,  as  10973  to  11073:  and  he  finds  that,  in  such  an  , 
not  always  preserve  the  same  figure  :  for  though  her  orbit  orbit,  her  distance  from  the  earth  in  her  quarters,  would 
be  elliptical,  or  marly  so,  having  the  earth  in  one  focus,  be  to  her  distance  in  the  conjunctions  and  oppositions,  as 
the  cxcentricity  of  the  ellipse  is  varied,  being  sometimes  70  to  69.  On  thew  irregularities,  see  Maclaurin's  Ac- 
increased,  and  sometimes  diminished  ;  viz,  being  greatest  count  of  Newton's  Discoveries,  book  4,  chap.  4;  as  alsit 
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most  booka  of  utronomy.  Other  parlicular»  'relating  to 
the  moun's  motions,  &c,  have  been  ttated  a«  follon  ;  The 
powiT  of  the  melon's  influence,  as  to  the  lidps,  i»  to  that 
of  the  sun,  as  448 15  to  1,  according  to  Sir  I.  Newton; 
'  but  different  according  to  others. 

As  to  the  figure  ut  the  moon,  supposing  her  at  first  to 
have  bt-en  a  fluid,  like  the  sea,  Newlqn  calculates,  that 
the  eanh's  ftiiractton  would  raise  the  water  there  near  po 
feet  high,  as  the  attraction  of  the  moon  raises  our  sea  li 
feel :  whence  the  figure  of  the  moon  must  be  a  spheroid, 
whuM;  greatest  diameter  extended,  wi)l  pass  ihrough  the 
centre  of  the  earth;  and  will  be  longer  than  the  other 
diameter,  perpendicular  to  it,  by  160  feet;  and  hence  it 
comes  to  pass,  that  we  always  see  the  same  ftce  of 
the  moun;  fur  she  cannot  rest  in  any  other  position,' 
but  always  endeavours  to  conform  herself  to  this  situation: 
Princip.  lib.  3,  prop.  38. 

Newtoti  rslimates  the  mean  apparent  diameter  of  the 
sun  at  32'  12"  ;  as  the  moon  is  91'  nf.  The  density  of 
the  moon  he  concludes  is  to  (hat  of  the  earth,  as  ()  to  5 
uearly;  and  (hat  the  mass,  or  quantity  of  matter,  in  the 
moon,  is  to  that  of  the  earth,  as  I  to  S6  nearty.  The 
plane  of  the  moon's  orbit  is  inclined  to  that  of  the  ecliptic, 
and  makes  with  it  an  angle  of  about  5  d^rees:  but  this 
inclination  varies,  being  greatest  when  she  is  in  the  quarters, 
and  least  when  in  her  syiygies. 

As  to  the  inequality  of  the  moon's  motion,  she  moves 
(wifter,  and,  by  the  radius  drawn  from  her  to  the  earth, 
describes  a  greater  area  in  proportion  to  the  time,  also  has 
an  orbit  less  curved,  end  by  that  meani  coities  nearer  to 
the  earth,  in  her  sjzygies  or  conjunctions,  than  in  the 
quadratures,  unless  the  motion  of  her  excentriciiy  pre- 
vents it :  which  excentriciiy  is  thcgreaiest  when  the  moon's 
apogee  falls  in  the  conjunction,  but  It-ast  when  this  falls 
in  the  quadrature* :  her  motion  is  also  swifter  in  the  earth's 
aphelion,  than  in  its  perihelion.  The  apogee  also  goes 
forward  swifter  in  the  conjunction,  and  slower  at  the 
quadratures:  but  her  nodes  are  at  rest  in  the  conjunctions, 
and  recede  swiTtest  of  all  in  the  quadratures.  The  moon 
also  perpetually  changes  the  flgtire  of  hei  orbit,  or  the 
species  of  the  ellipse  she  moves  in. 

There  are  also  some  other  inequalities  in  the  motion  of 
this  planet,  which  it  is  very  difficult  to  reduce  to  any 
certain  rule;  as  thb  velocities  or  horary  motions  of  the 
apogee  and  nodes,  and  their  equations,  with  the  differ- 
ence between  the  greatest  eccentricity  in  the  coujunctions, 
and  the  least  in  the  quadratures  ;  and  that  inequality 
which  is  called  the  variation  of  the  moon.  All  these  in- 
crease and  decrease  annually,  in  a  triplicate  ratio  of  the 
apparent  diamtter  of  the  sun :  and  this  variation  is  in- 
creased and  diminished  in  a  duplicate  ratio  of  the  time 
between  the  quadratures ;  as  is  proved  by  Newton  in  many 
parts  of  his  Principia.  He  also  found  that  the  apogees  in 
the  moon's  syzygies,  go  forwari^^iD  respect  of  the  fixed  stars, 
at  the  rate  of  S3'  each  day ;  and  backwards  in  the  quadra- 
tures 16'^  per  day :  and  therefore  the  mean  annual  motiooi 
be  estimates  at  40  degrees. 

The  gravity  of  the  moon  towards  the  earth,  is  increased 
by  the  action  of  the  sun,  when  the  moon  is  in  the  quadra- 
tures, and  diminished  in  the  syiygies:  and,  from  the  s^zy- 
gies  to  the  quadrature,  the  gravity  of  the  moon  towards  the 
earth  is  continually  increased,  and  she  is  continually  re- 
tarded in  her  motion:  but  from  the  quadrature  to  the 
syzygy,  the  moou's  motion  is  perpetually  dimi Dished,  and' 
the  motion  in  her  orbit  ia  accderated. 
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The  moon  is  less  distant  from  the  earth  at  the  syiygit 
and  more  at  the  quadratures.  As  radius  is  to  4  of  the  sii 
of  double  the  moon's  distance  from  the  syzygy,  so  is  tl 
addition  of  gravity  in  the  quadraturt^,  to  tht  ioree  whii 
accelerates  or  retards  the  moon  in  her  orbit.  And 
radius  is  to  the  sum  or  difference  of -J  The  radius  and  j  I 
cosine  of  double  the  distance  of  the  moon  from  I 
syzygy,  so  is  the  addiiioo  of  gravity  in  the  quadratures, 
the  decrease  or  increase  of  the  gravity  of  the  moon  at  ih 
distance. 

.  I'he  apses  of  the  moon  go  forward  when  she  is  in  t 
syzygies,and  backward  in  the  quadi-atnres.  But,inawh( 
revolution  of  the  moon,  the  progress  exceeds  the  renrc 
In  a  whole  revolution,  the  apses  go  forwiird  the  faste^i  wli 
tbeline  of  the  apses  is  in  the  nodes;  and  in  the  same  Cf 
they  go  back  the  slowest  of  all  in  the  same  revolutic 
When  the  line  of  the  apses  is  in  the  quadratures,  the  apt 
are  CRrried  in  consequentia,  the  least  of  all  in  the  syzygii 
but  they  return  the  swiftest  in  the  quadratures;  and  iii  tl 
case  the  regress  exceeds  the  progress,  in  one  entire  revol 
lion  of  the  moon. 

The  excentricity  of  the  orbit  undergoes  various  chan| 
every  revolution.  It  is  the  greatest  of  all  when  the  line 
the  apsei  is  in  the  syzygies,  and  the  least  when  that  line 
in  the  quadratures. — Considering  one  entire  revolution 
the  moon,czteris  paribus,  the  nodes  move  in  anlecedcn 
swiftest  of  all  when  she  is  in  the  syzygies  ;  then  slou 
and  slower,  till  they  areat  rest,  when  she  is  in  the  quadi 
turet. — Thelineof  Dodes  acquires  successively  all  pussil 
situations  in  respect  of  the  sun ;  and  every  year  it  gi 
twice  through  the  syzygies,  and  twice  through  the  quadi 
tures. — In  onewhole  revolution  of  the  moon,  the  nodes 
back  very  fast  when  th(>y  are  in  the  quadratures  ;  th 
slower  till  they  come  to  rest,  when  the  line  of  nodes  is 
the  syzygies. 

The  inclination  of  the  plane  of  the  orbit  is  changed 
the  same  force  with  which  the  nodes  ar«  moved ;  bei 
increased  as  the  moon  recedes  from  the  node,  and  < 
roinished  as  she  approaches  it.  The  inclination  of  t 
orbit  is  the  least  of  all  when  the  nodes  are  come  to  t 
syzygies.  For  in  the  motion  of  the  nodes  from  the  ayi 
gies  to  the  quadratures,  and  in  one  entire  revolntinn  of  t 
moon,  the  force  which  increases  the  inclination,  excet 
that  which  diminishes  it;  therefore  the  inclination  is  i 
creased  ;  and  it  is  the  greatest  of  all  when  the  no^cs  are 
the  quadratures. 

The  moon's  motion  being  considered  in  general:  I 
gravity  towards  the  earth  is  diminished  on  her  coming  n< 
the  sun,  and  the  periodical  time  is  the  greatest;  as  a 
the  distance  of  the  moon,  c^eteris  paribus,  the  great 
when  the  earth  is  in  the  perihelion,  AH  ibe  errors 
the  moon's  motion  are  something  greater  in  the  c( 
junction  than  in  the  opposition.  All  the  dislurbi 
forces  are  inversely  as  the  cube  of  the  distance  of  the  s 
from  the  earth  ;  which  when  it  remains  the  same,  th^  1 
as  the  distance  of  the  mooJi  from  the  earth.  Consider! 
all  the  disturbing  forces  together,  the  diminution  of  grav, 
prevail. 

nejigure  qfihe  Moos'spath,  about  the  earth,  is,  as  h 
been  said,  nearly  an  ellipse ;  but  her  path,  in  moving,  1 
gciher  with  the  earth  about  the  sun,  is  made  up  of  a  ser 
or  repetition  of  epicycloids,  and  is  in  every  point  conra 
towards  the  earth.  See  Maclaurin's  Account  of  Newio 
DiscoT.  pa.  336,  4to.  Ferguson's  Astron.  pa.  129,  & 
ud  Howe's  Flux.  pa.  225^  «lit.  2. 
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Aitrtmwi^  <^  the  i-ioo^. 

Toiitermiae  the  Periodical  and.  ^nodical  Mauki ;  or 
tbe  period  of  the  moon's  revolution  about  the  earth,  and 
the  period  between  one  oppoeition  or  conjunction  and  ap- 
other.  In  the  middle  of  a  lunar  eclipse,  the  moon  is  in 
opposition  to  the  sun;  compute  tbereli>re  the  lime  be- 
tween two  such  eclipses,  at  some  con  si  dentble  distance  of 
time  from  each  other  ;  and  divide  thi^  by  the  number  of 
lunations  that  have  passed  in  the  mean  tjmi?;  so  shall  the 
quotient  be  the  quantity  of  the  synodical  month.  Com- 
pute also  the  sun's  mean  motion  during  the  time  of  this 
synodical  month,  which  add  toSGo°.  Then, ab  the  sum  is 
to  3^0°,  so  is  ibc  synodical  to  the  periodic^  month. 

For  example,  Copernicus  observed  two  eclipses  of  the 
inoon,  the  one  at  Rome  on  November  6,  1500,  at  12  at 
night,  and  the  other  at  Cracow  on  August  1,  1533,  at  4h. 
25  min.  the  diilerence  of  mendiaiu  being  0  h.  39  rain, : 
beace  the  quantity  of  the  lynodical  month  ii  thus  detei- 
mioed:  ' 

2d  ObBcrv.  1523''  337*  ♦''  25" 
1st  bbserv.  1500    310    0    29 
Difference         32    2J)3    3    56 
Add  intercalary  days  5 

Exact  interval     22    297    3    $6 
which  divided  by  282,  the  number  of  lunations  in  that  time, 
^ves  the  synodical  month  29^  12'*  41*. 

From  two  other  observations  of  eclipses,  the  one  at 
Cracow,  the  other  at  Babylon,  the  same  author  deter- 
mines more  accurately  the  quantity  of  the  synodical 
month  to  be  29*  12*  4-3- &c;  and  from  other  observa- 
tions, probably  more  accurate  still,  the  same  is  fixed  at 
29*  12^  **■• 

The  sun's  mean  motion  in  that  time  29°  6*  24''  16  , 
added  to. 360",  gives  the  moon's  motion  389  6  24  18  ; 
Therefore  the  periodical  month  is  27'  7*  43*  5', 

According  to  the  observations  of  Kepler, 
the   mean  synodical  month  is         29*  12*  44-  S*  2*, 
and  the  mean  periodical  month         27      7    43     8 

Hence,  1st,  the  quantity  of  the  penodical  month  being 
^ven,  the  moon's  diurnal  orhorary  motion,  &c,  may  be 
found :  and  thus  may  tables  of  the  mean  motion  of  the 


frojfi  that  of  the  moon,  the  remainder  will  give  thi 
diurnal  motion  from  the  sun:  and  thus  may.a  table  of  this 
loutioa  be  constructed. 

3.  Since  the  moon  is  in  the  node  at  the  time  of  a  total 
eclipse,  if  the  sun's  place  be  found  for  that  time,  aud  6 
signs  be  added  to  the  same,  the  sum  will  give  the  place  of 
that  node. 

4.  By  corapariug  the  ancient  observations  with  the  mo- 
dern, it  appears,  that  the  nodes  have  a  motion,  and  that 
they  proceed  iu  antecedentia,  or  backwards,  from  Taurus 
to  Aries,  from  Aries  to  Pisces,  &c.  Therefore,  if  the 
diurnal  motion  of  the  nodes  be  added  to  the  moon's  diur- 
nal motion,  the  sum  will  be  the  motion  of  the  moon 
from  the  node;  aud  thence  by  simple  proportion  may  be 
found  in  what  Une  the  moon  goes  360°  from  the  dragon's 
head,  or  accending  node,  or  in  what  time  she  goes  from, 
and  retanis  to  it-,  that  i^  the  quantity  of  the  dracontic 
month. 

5.  If  the  motion  of  the  apogee  be  subtracted  from  the 
mean  motion  of  the  moon,  the  remainder  will  be  the 

.  moon's  nteaa  motion  from  the  apogee ;  and  hence,  by  the 


rule  of  three,  the  qoontity  of  the  anomtliidc  moiith  is 
determined.  ,  y 

Thus,  according  to  Kepler's  ohservationsi 
The  mean  synodical  montli  is       •       29*  12*  44"  3'  2** 
The  periodical  month         -        -        27      7    43    8 
The  place  of  the  ap<^ee    for  thel  ,,,      -o  ..«   ,»     . 

year  1700  Jan.  1,  old  style,  was  J  »    ^^^     i 

Tbeplace  of  the  ascending  node  -  4  37  39  17 
Mean  diurnal  motion  of  the  moon  -  13  10  35 
Diurnal  motion  gf  the  apogee  -  -  6     41 

Diurnal  motion  of  the  nodes  -  3     11 

Theref.  diurnal  mot.  from  the  latter  .  •  13  13  46 
And  the  diurnal  motion  from  the)      .'13     3     ka 

apogee        .         -  .  3 

I^tly,  the  excentridty  it  4302,  of  such  parts  as  the  semt- 
diameter  of  the  excentric  is  180,000. 

Tofaid  tteorly  the  Moor's  Age  orOiange. 
To  the  epact  add  the  number  and  day  of  the  month; 
iheir  snm,  abating  30  if  it  be  above  that  number,  is  the 
moon's  age;  and  her  age  taken  from  30,  shows  the  day  of 
the  change.~The  numbera  of  the  months,  or  moulhly 
epacts,  are  the  moon's  age  at  the  beginning  of  each  month, 
when  the  solar  and  lunar  years  b<^in  together;  and  are 
thus: 

02       1       234       S       68.     8     10     10 
Jan.  F^.  Mir.   Ap.   Ml   Juo.    JoI.    Ai«.   Sep.   Occ  Nov.  Der. 
Ex.    "To  find  the  moon's  age,  Oct.  14,  1813. 

Here,  the  epact  is      '        9 

Number  of  the  month  -     S 

Day  of  the  month  14_ 

The  sum  u  31 

Subtract  or  abate  SO 

Leaves  moon's  age  1 

Taken  from  30 

Days  till  the  change        S9 

Answering  to  Nov.  12 

Thfiitd  nearly  the  Moon's  SouMtig,  or  coming  to  the 

meridian.     Take  ^  or  ^  of  her  age,  for  her  southing;  •■ 

nearly;  afternoon,  if  it  be  less  than  12  hours;  but  if 

greater,  ,the  excess  is  the  time  after  the  foregoing  mid- 

£r.     Oct.  23, 1814. 

The  moon's  age  is  10  days 

^  of  which  is  »>•  the  sou.  aftcmooB. 

Mr.  Ferguson,  in  his  Select  Exercises,  pa.  135,  Ste,  has 
given  very  easy  tables  and  rules  for  finding  the  new  and 
fill)  moons  near  enough  the  truth  for  any  common  al- 
manac. But  the  Nauticftl  Almanac,  which  is  now  al- 
ways publishedfor  several  yean  before-hand,  in  a  great 
measure  supersedes  the  necessi^  of  these  aad  other  such 
contrivances. 

0/the  Spoil  and  Mountaifu,  3fC,  in  the  Moow. 

The  face  of  the  moon  is  greatly  diversified  with  inequa- 
lities, and  parU  of  different  colours,  some  brighter  and 
some  darker  than  the  other  parts  of  her  disc.  When  viewed 
through  a  telescope,  her  face  is  evidently  diversified  with 
hills  and  valleys;  and  the  same  is  also  shown  by  th.e  edge 
or  border  of  the  moon  appearing  jagged,  when  so  viewed, 
especially  about  the  confines  of  the  illuminated  part  when 
the  moon  is  either  horned  or  gibbous. 

The  astronomers,  Florenti,  Langrcni,  Hevelius,  Gn- 
maldi,  RJccioli,  Caasini,  and  Delahire,  &c,  have  drawn 
the  face  of  the  moon  as  viewed  through  telescopes;  noting 
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all  the  more  shining  pans,  and,  for  the  better  distinction, 
niarking  them  with  some  proper  name;  some  of  these 
■uthore  calling  them  after  the  names  of  philosophers,  as- 
tronomers, and  other  eminent  men ;  while  others  denomi- 
nate them  from  the  knunn  names  of  the  dilferent  countries, 
islands,  and  seas  on  the  earth.  The  names  adopted  by 
Riccioli  however  are  mostly  followed,  as  the  names  of 
Hipparchus,  Tycho,  Copernicus, &c.  Fig.4',  plate  19,  is  a 
ratber  exact  representBtionofthe  full  moon  in  her  mean  li- 
bralion,  with  the  numbers  to  the  principal  spots  according 
to  Riccioli,  Caseini,  Mayer,  &c,  which  denote  the  names 
aa  in  the  following  list  of  them:  also  the  asteiisk  refers  to 
one  of  the  volcanoes  observed  by  Herscbel. 

*   Herschel's  Volcano  26  Hermes 

1  Grimaldi  -                27  Possidonius 

2  Galileo  S8  Dionysius 

3  Aristarchus  29  Pliny 

4  Kepler  f  Catharina  Cyrillus, 

5  Gassendi  ,    ■*'^\      Theophilus 

6  $chikard  31  Fracastor 

7  Harpalus  (  Promontorium  auctum, 


8  Heraclides 
"    9  Lansberg 

10  ReinhoM 

1 1  Copernicus 

12  Helicon 

13  Cap\ianus 

14  Bulliald 

15  Eratoftbenes 

16  Tlmocharit 

17  Plato 

18  Archimedes 


\Censorinus 
lessala 

34  Promoniorium  Somnii 

35  Proclus 

36  Cleomedes 

37  Snell  and  Turner 

38  Pctavius 

39  I^ngrenus 

40  Taruniius 

A  Mare  Humorum 
e  Nubiui 


19  Insula  i>inus  Medii  c  Marclmbriui 

SO  Pltalus  D  Mare  Nectaris 

21  Tycho  K  MareTrantjuillitatis 

22  Eudoxus  t   Mure  Screnitatis 

23  Aristotle  g  Mare  Foscanditatis 

24  Manilius  H  MarcCrisium 

25  Menelaus  ' 

That  the  spots  in  the  moon,  which  are  taken  for  moun- 
tains and  valleys,  are  really  such,  is  evident  from  their 
•badowE.  For  in  all  situations  of  the  moon,  the  elevated 
parts  arc  constantly  found  to  cast  a  triangular  shadow  in 
a  direction  from  the  sun ;  and,  on  the  contrary,  the  cavi- 
ties are  always  dark  on  the  side  next  the  sun,  and  illumi- 
nated on  the  opposite  one  j  which  is  exaeily  conformable 
10  what  we  observeof  bills  and  valleys  on  the  earth.  And 
as  the  tops  of  these  mountains  are  considerably  elevated 
above  (be  other  parts  of  the  surfkce,  they  are  often  illu- 
minated when  tbey  are  at  a  considerable  distance  from  the 
confines  of  the  enlightened  hemisphere,  and  by  this  means 
afibrd  us  a  method  of  determining  (heir  heights. 

Thus,  let  f.D  be  the  moon's  dia- 
meter, ECD  (he  boundarv  of  light 
and  darkness  ;  and  a  the  top  of  a 
iiill  in  (he  dark  part  beginning  to 
be  illuminated  ;  wi(b  a  telescope 
tuke  the  proportion  of  ae  to  the 
diameter  £D  :  (hen  there  are  given 
tfae  two  sides  ae,  ec  of  a  right- 
angled  triangle  ace,  thesquaresof 
whirh   being  added  togerher  give 

the  square  of  the  third  side  ac,  and  the  root  extracted  is 
that  side  itself;  from  which  subtracting  the  radius  Bc, 
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leaves  ab  the  height  of  the  mountain.     In  this  way,  Ri< 

cioli  observed  the  top  of  the  hill  called  St.  Catharine,  o 
the  4th  day  after  the  new  moon,  ro  be  illuminated  when 
was  distant  from  the  confined  of  the  enlightened  hem 
iphere  about  one  l6th  part  of  the  moon's  diameter;  ar 
ihenpc  found  its  height  raual  be  near  9  miles. 

It  is  probable  however  ihiit  this  determination  is  t( 
much.  Indeed,  Galileo  makes  ae  m  be  only  one  20th  < 
ED,  and  Hevclius  makes  it  only  one  26th  of  BD  ;  (he  form' 
of  these  would  give  5i  miles,  end  (he  latter  only  3f  mile 
for  AB,  theheightof  thcmijuntain:  and  probably  itshou 
be  Gt^il  less  than  either  of  these. 

Accordingly,  they  are  greatly  reduced  by  the  obscrv: 
tions 'of  Herschel,  whose  method  of  measuring  them  wi 
given  -in  the  Pbilos.  Trans,  an.  1780,  pa.  507,  or  it 
Abridg.  V.  14,  pa.  717;  and  which  is  as  follows.  Th 
methodisfur  any  time  whatever  of  the  moon's  age;  where: 
the  method  uBe<l  by  Hevelius,  as  above  explained,  wlllscn 
for  the  time  of  the  quadrature  only  ;  in  all  other  positioi 
(he  projection  of  the  hills  must  appear  much  sb'irter  tha 
it  really  is.     Let  slm,  or  «/in,  be      -       '  -  • 

sun  to  the  mountain,  touching 
the  moon  at  L  ori,  and  the'moun- 
tain  at  M  orm.  Then,  toan  ob- 
server at  E  or  e,  the  lines  lm, 
Im,  will  not  appear  of  the  same 
length,  though  the  mountains 
should  be  of  an  equal  height; 
for  Lu  will  be  projected  into 
id  Im  into  on.     But  these 
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intain  (o  project  from  the  line  of  illuminatior 
From  the  observed  quantity  on,  when  the  moon  is  not  i 
her  quadrature,  to  find  lm,  we  have  the  following  analo 
gy :  the  triangles  100,  Lxr,  are  similar ;  therefor 
LO  :  Lo  :  :  Lr  :  lh;  but  lo  is  ihe  radius  of  the  moon,  am 
Lr,  or  OH,  is  the  observed  distance  of  the  mountain's  pro 
jectiun  ;  and  1,0  is  the  sine  of  the  angle  rol  =  ols,  whici 
we  may  take  to  be  the  distance  of  the  sun  from  the  moon 
without  any  material  error,  and  which  therefore  we  ma; 
lind  at  any  given  tiipe  from  an  ephemeris. 

In  this  manner  Dr.  H.  measured  the  height  of  many  o 
the  lunar  prominences,  and  draws  at  last  the  folioiviii; 
conclusions: — "from  these  observations  I  believe  it  i 
evident,  that  the  herght  of  the  lunar  mountains  in  genera 
is  greatly  over-rated ;  and  that,  when  we  have  excepted  ; 
few,  the  generality  do  not  exceed  half  a  mile  in  their  per 
pendicular  elevation,"  And  this  is  confirmed  by  thi 
measurement  of  several  mountains,  as  ihay  he  seen  in  thi 
place  above  quoted. 

As  the  moon  has  on  her  surface  mountains  and  valley 
in  common  with  the  earth,  some  modern  astronomers  havi 
discovered  a  still  greater  similarity,  viz,  that  some  of  (hesi 
are  really  volcanoes,  emiding  fire,  as  those  on  the  earth 
do.  An  appearance  of  this  kind  was  discovered  some  few 
years  ago  by  Don  Ulloa  in  an  eclipse  of  the  sun.  It  was  s 
small  bright  spot  like  a  star  nearthe  margin  of  the  mooii; 
and  which  he  at  that  time  supposed  to  be  a  hole  or  val- 
ley with  the  sun's  light  shining  through  it.  Succeeding 
observalions,  however,  have  induced  astronomers  to  attri- 
bute appearance*  of  this  kind  to  the  eruption  of  volcanic 
lire  ;  and  Or.  Hersche!  has  particularly  observed  several 
eruptions  of  the  lunar  volcunues^  the  last  of  which  he  gives 
an  account  of  in  the  Philos.  Trans,  for  1787,  April  19, 
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10b.  6m,  lidercikl  time,  "  I  perceived,"  «yi  he, "  three 
volcanoes  in  tlil^rent  ptacrt  of  the  durk  part  of  the  new 
moon.  Two  of  them  are  either  already  nearly  enlinct,  or 
otherwise  in  a  state  of  going  tt>  bre^k  out ;  which  perhaps 
may  be  decided  next  lunation.  The  third  shows  an  actual 
eruption  of  fire  or  luniinous  matter:  its  light  ii  much 
brighter  than  the  nucleus  of  the  comet  which  M-  Meclmin 
discovered  at  Paris  the  lOth  of  this  month."  The  Ibllow- 
ing  nigbt  he  found  it  burnt  with  greater  violence;  and  by 
measurement  he  found  that  the  shining  or  burning  matter 
must  be  more  than  3  miles  in  diameter  ;  being  of  an  irre- 
gular round  figure,  and  very  sharply  defined  on  the  edges. 
The  othertwo  volcanoes  resembled  large  fnint  nebuhe,  that 
are  gradually  much  brighter  in  the  middle ;  but  n»  well- 
de6ned  luminous  spot  was  discovered  in  them.  He  adds, 
"  the  appearance  uf  what  I  have  called  the  actual  6rc,  or 
eruption  of  a  vokiino,  cxacdy  resembled  a  small  piece  of 
burning  charcoal  when  it  is  covered  by  a  very  thin  coat  of 
white  ashes,  which  frequently  adhere  to  it  when  it  has  been 
some  time  ignited  ;  and  it  had  a  d^rec  of  brightness  about 
as  strong  as  that  with  which  a  coal  would  be  seeir  to  glow 
in  laint  day-light. 

In  a  letter  by  M.  Lalande,  it  is  said  that,  the' 13th  inst. 
)iom7lo9in  the  evening,  Dom-.  Nouei,  one  of  the  astro- 
nomers of  the  Royal  Observatory,  perceived,  in  the  un- 
enlightened part  of  the  moon,  what  Dr.  Herschel  has  called 
a  volcano,  like  a  star  of  the  sixth  magnitude,  or  one  of  the 
cloudy  ones,  the  brightness  of  which  increased  from  lime 
to  time,  as  if  by  Cashes.  Other  astronomers  have  per* 
ccivcd  it,  and  M.  de  Vilteneuve  had  seen  it  before,  on  the 
22d  of  May,  178?.  We  cannot  therefore  doubt  of  the 
existence  of  this  volcano  in  the  moon.  Dr.  Herschel  saw 
it  the  4tb  of  May,  J  783,  and  particularly  the  iplh  of 
April,  1787.  In  the  eclipse  of  the  24lh  of  June,  1778, 
M.  d'UUoa,  a  well-known  Spanish  astronomer,  had  seen 
on  the  dark  disc  of  the  mopn,  a  bright  point ;  and  in  the 
total  eclipse  of  1715,  certain  curious  observers  had  per- 
ceived some  flashes  of  light.  There  is  no  sensible  atmo- 
sphere in  the  moon,  it  is  true,  and  chemists  may  dispute 
about  the  name  of  volcanoes  being  given  to  such  apparent 
eruption  j  but  the  name  after  all  is  of  no  conseqwence.  and 
we  must  certainly  subscribe  to  Dr.  Herschel's  opinion. 
This  volcano  is  situated  in  the  north-east  part  of  the  moon, 
about  three  minutes  from  t\>6  moon's  border,  towards  the 
spot  called  Helicon,  marked  No.  13  in  the  figure  of  the 
moon  in  Lata nde's  astronomy.  On  the  next  day,  March 
the  l*th,  Jupiter  had  been  eclipsed  by  the  moon.  This 
rare  and  curious  phenomena  has  been  observed  by  all 
astronomers. 

It  has  been  disputed  whether  the  moon  has  any  atmo- 
sphere. The  following  arguments  have  been  U[^ed  by 
those  who  deny  it.  1,  The  moon,  say  they,  constantly 
appears  with  the  same  brightness  when  our  atmosphere  is 
dear;  which  could  not  be  the  case  if  she  were  surrounded 
with  anaimosphcrc  like  oars,  so  variable  in  its  density,  and 
so  often  obscured  by  clouds  and  vapours.  2.  In  an  ap- 
pulseof  ihcmoonio  a  star,  when  she  comes  so  near  it  that 
«  part  of  her  atmosphere  comes  between  our  eye  and  the 
■tar,  refraction  would  cause  the  latter  to  seem  to  change 
its  place,  BO  ihat  the  moon  Would  appear  to  touch  it  later 
than  by  her  own  motion  she  would  do,  3.  Some  philoso- 
phers are  of  npinion,  that  because  there  arc  no  seas  or 
lakes  in  the  moon,  there  in  iherefore  no  atmosphere,  as 
there  is  no  water  to  beraised  up  in  vapours. 

But  all  these  aigumejiu  have  been  answered  hy  other- 


astronomers  Jn  the  following  manner.  It  is  denied  that 
the  moon  appears  always  with  the  same  brightness,  even 
when  our  atmosphere  appears  equally  clear.  Hevelios  re- 
lates, that  he  has  several  times  found  in  skies  perfectly 
clear,  when  even  stars  of  the  6th  and  7th  magnitude  were 
visible,  that  at  the  same  altitude  of  the  moon  with  the 
same  elongation  from  the  sun,  and  with  the  same  telescope^ 
the  moon  and  her  maculae  do  nut  appear  equally  lucid, 
clear,  and  conspicuous  at  all  times ;  'but  are  much  brighter 
and  more  distinct  at  some  times  than  at  others.  And 
hence  it  is  inferred  that  the  cause  of  ibif  phenomenon  is 
neither  in  our  air,  in  the  lube,  in  the  moon,  nor  in  the 
spectator's  eye  ;  but  must  be  looked  for  in  something  ex- 
isting about  the  moon.  An  additional  argument  is  drawn 
from  the  diSerent  appearance  of  the  moon  in  total  eclipses, 
which  it  is  supposed  areowingto  the  different  constitutions 
of  the  lunar  atmosphere. 

To  the  2d  argument  Dr.  Long  replies,  that  Newton  has 
shown  (Princip.  prop.  37.  cor.  5),  that  the  weight  of  any 
body  upon  the  moon  is  but  a  third  part  of  what  the  weight 
•f  the  same  would  be  upon 'the  earth  :  now  the  expansion 
of  the  air  is  reciprocally  as  the  weight  that  compresses  it; 
therefore  the  air  surrounding  the  moon,  being  pressed  to* 
gelhi-r  by  a  weight  of  one-third,  or  being  attracted  towards 
the  centre  of  the  moon  by  a  force  equal  only  to  one-third 
of  that  which  attracts  our  air  towards  the  centre  of  the 
earth,  it  thence  follows,  that  the  lunar  atmosphere  is  only 
one-third  as  dense  as  that  of  the  earth,  which  is  too  little 
to  produce  any  sensible  refraction  of  the  star's  light. 
Other  astronomers  have  contended,  that  such  refraction 
was  sometimes  very  apparent.  M.Cassini'says,  he  ot'ten 
observed  that  Saturn,  Jupiter,  and  the  fixed  stars,  had 
their  circular  figures  changed  into  an  elliptical  oiie^fwhen 
they  approached  either  to  the  moon's  dark  or  illuminated 
limb,  though  they  own  that,  in  other  oc^ultations,  no  such 
change  could  be  observed.  And,  with  regard  to  the  fixed 
stars,  it  has  been  urged  that,  granting  the  moon  to  have  an 
atmosphere  of  the  same  nature  and  quantity  as  ours,  no 
such  eSect  as  a  gradual  diminution  of  light  ought  to  take 
place  ;  at  least  none  that  we  could  be  capable  of  perceiv- 
ing. At  the  height  of  44  miles,  our  atmosphere  is  so  rare 
as  to  be  incapable  of  refracting  the  rays  of  light:  this 
height  is  the  180th  part  of  the  earth's  diameter;  but  since 
clouds  are  never  observed  higher  than -4  miles,  it  appears 
that  the  vapourous  or  obscure  part  is  only  the  ItjflOth 
part.  The  mean  apparent  diameter  of  the  moon  is 
31'  29',  or  183S":  therefore  theobscure  parts  of  heratmo- 
sphere,  when  viewed  from  the  earth,  must  subtend  an  angle 
of  less  then  one  second  ;  which  space  is  passed  over  by  the 
moon  in  less  than  two  seconds  of  time.  It  can  therefore 
hardly  be  expected  that  observation  should  generally  ilc- 
terminc  whether  the  supposed  obscuration  takes  place  or.     ' 

As  to  the  3d  argument,  it  concludes  nothing,  because  it 
is  not  known  that  there  is  no  water  in  th<  moon;  nor,, 
though  this  could  be  proved,  would  it  ftiltow  thai>tbi:  lunar 
atmosphere  answers  no  other  purpose  tbmi  the  raising  of 
water  into  vapour.  There  is  however  u  strong  argument- 
in  favour  of  the  e.xistence  of  a  lunar  atmosphere,  taken 
from  the  appearance  of  a  luminous  circle  round  the  mixii^ 
in  the-time  of  total  soiar  eclipses ;  acircumstance  that 
ha;  been  observed  by  many  astronomers;  especially  in  the- 
total  eclipse  of  the  sun  which  happened  May  I,  I?u6. 

These  are  the  aicumenls  that  have  bei:n  advana'd  for 
BOd  against  the  hypothesis  of  the  existence  of  a  lunar  at- 
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inoiphere ;  but  this  qiieition  teemt  to  be  Bt  last  settled, 
by  the  accurUe  and  lung  continued  obtervations  of  S. 
Piazai,  a  celebrated  astroDomer,  who  has  proved,  as  !&• 
tisfactorily  as  the  nature  of  the  subject  leems  to  allow, 
tikat  the  moon  has  really  an  atmosphere,  though  much 
less  dense  than  ours,  and  iheheigbt  of  it  scarcely  exceeding 
■ome  of  the  highest  of  the  lunai  mountains. 

Of  the  Harvetl  Moo  n  .  It  is  remarkable  that  the  mooD, 
during  tbe  week  in  which  she  is  at  the  full  about  the  time 
of  harvest,  rises  sooner  after  sun-setting,  than  she  does  in 
any  other  fiiU-moon  weekin  the  year.  By  this  means  she 
affords  an  immediat*  supply  of  light  ^fter  sun-Kt,  which 
is  very  benedcia!  for  the  harvest  mid  gathering  in  the 
fruits  of  the  earth :  and  hence  this  full  moon  is  distin- 
guished from  all  the  oihen  in  the  year,  by  calling  it  the 
harvest-moon. 

To  conceive  tbe  reason  of  this  phenomena,  it  may  firtt 
be  considered,  that  the  moon  i^  always  opposite  to  the  sun 
when  she  is  full  i  that  she  is  at  the  full  in  the  signs  Pisces 
and  Aries  in  our  harvest  months,  those  being  the  signs  op- 
posite to  Virgo  and  Libra,  the  signs  occupied  by  the  sud 
about  the  same  season ;  and  because  those  parts  of  the 
ecliptic  rise  ina  shorter  space  of  time  than  others,  as  may 
easily  be  shown  and  illustrated  by  the  celestial  globe :  con- 
■equently,  when  the  moon  is  about  her  full  in  harvest,  she 
riles  with  less  difference  of  time,  or  more  immediately  after 
inn-sct,  than  when  she  U  full  at  other  seasons  of  the 

In  our  winter,  the  moon  is  in  Pisces  and  Aries  about 
the  time  of  her  first  quarter,  when  the  rises  about  noon ; 
bat  her  rising  is  not  then  noticed,  because  the  sun  is  above 
tbe  boMEon. — In  spring,  the  moon  is  in  Pisces  and  Aries 
-about  the  time  of  her  change  ;  at  which  time,  as  she  gives 
no  light,  and  rises  with  the  sun,  her  rising  cannot  be  per- 
ceived.— In  summer,  the  moon  is  in  Pisces  and  Aries  about 
the  time  of  her  last  quarter ;  and  then,  aa  she  is  on  the 
decrease,  and  rises  nut  till  midnight,  her  rising  usually 
passes  unobserved. — But  in  autumn,  the  moon  is  in  Pisces 
and  Aries  at  tbe  timi^  of  her  full,* and  rises  soon  after  sun- 
set for  several  evenings  successively  ;  which  makes  her  re- 
gular rising  very  conspicuous  at  that  time  of  the  year. 

And  this  would  always  be  the  case,  if  the  moon's  orbit 
lay  in  ttie  plane  of  the  ecliptic.  But  as  her  orbit  makes 
an  angle  of  5^  lb'  with  the  ecliptic,  and  crosses  it  only  in 
the  two  opposite  points  called  the  nodes,  her  rising  when 
in  Pisces  and  Aries  will  sometimes  not  ilifier  above  1  h. 
and  40  mip.  through  the  whole  of  7  days ;  and  at  other 
times,  in  tbe  same  two  signs  she  will  differ  3  hours  and  a 
half  in'the  time  of  ber  rising  in  a  week,  according  to  the 
different  positions  of  the  nodes  with  respect  to  these  signs  ; 
which  positions  are  constantly  changing,  because  the  nodes 
go  backward  through  the  whole  ecliptic  in  18  years  and 
225  days. 

This  revolution  of  the  nodes  will  cause  the  harvest  moons 
to  go  through  a  whole  course  of  the  most  and  least  benefi- 
cial stales,  with  respect  to  the  harvest,  every  19  years. 
The  following  table  shows  in  what  years  the  harvest  moons 
are  least  benelicial  as  to  tbe  times  of  their  rising,  and  in 
what  yean  they  are  most  beneficial,  from  the  year  179O 
to  1861 ;  the  column  of  years  under  the  Wtier  L,  are  those 
JR  which  the  barvtst-moons  ^re  least  beneficial,  because 
they  tall  about  the  dt-sccndingnode  ;  and  those  under  the 
letter  u  are  the  most  beneficial,  because  they  fall  about 
the  ascending  node. 
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1790  1798  1807  I816  1836  1835  1S44  1853 

1791  1799  t808  1817  1827  1836  1845  1854 

1792  1800  I8O9  1818  1828  1637  1846  1855 

1793  1801  18IU  I819  1839  1S38  1847  1856 

1794  1608  1811  1S20  1830  1S39  1848  1857 

1795  1803  1812  1831  1831  1840  1849  HAS 

1796  1804  1813  1833  1832  1841,1850  1859 

1797  1805  1814  1733  1833  1843  1851  I860 
I8O6  1315  1834  1834  1843  1852  I861 

1825 

Aitolht  Influaux  qf  the  MooK,  on  tbe  changes  of  the 
weather,  and  the  constitution  of  the  human  body,  it  may 
be  observed,  that  the  vulgar  doctrine  concerning  it  is  very 
ancient,  and  has  also  gained  much  credit  among  the 
learned,  though  perhaps  without  sufficient  examination. 
The  common  opinion  is,  that  the  lunar  inSueoce  is  chiefly 
exerted  about  the  time  of  the  full  and  change,  but  mora 
especially  the  latter ;  and  it  would  seem  that  long  expe- 
rience has  in  some  degree  established  tbe  lact:  hence, 
persons  observed  at  those  times  to  be  a  tittle  deranged  in 
their  intellects,  are  called  liinatics ;  and  hence  many 
persons  anxiously  look  for  the  new  moon  to  bring  a  change 
in  the  weather.  The  moon's  influence  on  the  sea, in  pro- 
ducing tides,  being  agreed  upon  on  all  handt,  it  is  argued 
that  she  must  also  produce  similar  changes  in  the  atmo- 
sphere, but  in  a  much  higher  degree ;  which  changes  and 
commotions  there,  must,  it  is  inferred,  have  a  couuder^la 
influence  on  the  weather,  and  on  the  human  body. 

Besides  the  observatioiu  of  the  ancients,  which  tend  to 
establish  this  doctriiK,  several  among  the  modem  philoso- 
phers have  defended  tbe  same  opinion,  and  that  upon  thf 
strength  of  experience  and  observation ;  while  othen  as 
strenuously  deny  the  fact.  The  celebrated  Dr.  Mead  wa* 
a  believer  in  the  influence  of  tbe  sun  and  moon  on  tba 
human  body,  and  published  a  book  on  this  subject,  io- 
titled,  De  Imperio  Solis  ac  Lune  in  Cor^re  Huraapo. 
The  existence  of  such  influeucc  was  however  opposed  by 
bishop  Ilorslcy,  in  a  learned  paper  on  this  subject,  in  the 
Philos.  Trans,  for  the  year  I775  ;  where  he  gives  a  speci- 
men of  arranging  tablet  of  meteorological  obiervations,  so 
as  to  deduce  from  them  facts,  that  may  either  confirm  at 
refute  this  popular  opinion;  recommending  it  to  tbe 
learned,  to  collect  a  large  series  of  such  observations,  as  no 
conclusions  can  be  drawn  from  one  or  two  only.  On  the 
other  hand  professor  Toaldo,  and  some  French  philoso- 
phers, take  tbe  opposite  side  of  the  question ;  and,  from 
tbe  authority  of  a  long  series  of  observations,  pronounce 
decidedly  in/avour  of  the  Lunar  Influence. 

Accderaiian  of  the  Moon.     See  Accblehatioit. 

MooN-i>iW,     See  Dial. 

Uorizonttd  Moon.     See  Apparent  Maanitude. 

MOOJt.E(Sir  Jonas],  a  very  respectable  mathematician, 
and  survey  a  r-gent'ral  of  tbe  ordnance,  was  bum  at  Whitbee 
in  Lancashire,  about  tbe  year  16'30.  After  enjoying  the 
advantages  of  good  school  education,  he  bent  his  studies 
principally  to  the  mathematics,  to  which  he  bad  always  a 
strong  inclination.  In  the  expeditions  of  King  Charles 
the  1st  into  the  northern  parts  of  England,  our  author  was 
introduced  to  him,  as  a  person  studious  ftnd  learned  in 
those  sciences ;  when  the  king  expressed  much  approba- 
tion of  hint,  and  promised  bim  encouragement;  which  in- 
deed laid  the  foundation  of  his  fortune,  He  was  after- 
wards appointed  mathematical  master  to  the  kin^s  second. 
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son  Jamei,  to  inilruct' him  in  arithmetic,  geography,  the 
use  of  the  globes,  &e.  During  Cromwell's  government  it 
teems  he  followed  the  pnifesiiioii  of  a  public  teacher  of 
mathematics;  for  I  find  him  styled,  in  the  title-page  of 
some  of  his  publications,  "  professor  of  the  mat  he  mattes." 
After  the  return  of  Charles  thi;  2d,  ho  found  great  favour 
and  promotion,  becoming  at  length  surveyor-genoral  of 
the  king's  ordnanqe.  lie  was  also  a  great  favourite  both 
with  the  king  and  the  duke  of  York,  who  often  consulted 
bim,  and  were  advised  by  hira  on  many  occasions.  And 
it  mnst  be  owned  that  he  often  employed  hia  interest  with 
the  court  to  the  advancement  of  learning  and  the  encou- 
ragement of  merit.  Thus,  it  was  through  his  interest  that 
Flams  teed- house  was  built  in  l675i  as  a  public  observa- 
tory, recommending  Mr.  Flamsttred  to  be  the  king's  astro- 
nomer, to  make  the  observulions  there:  and  being  sur- 
»eyor-general  of  the  ordnance  hiinseif,  he  made  the  salary 
of  the  astronomer- niyal  pay&ble  out  uf  the  office  of  ord- 
nance, ss  it  still  conliDues.  Bei^ig  also  a  governor  of 
Chrisfs-hospital,  be  prevailed  on  the  king  to  found  the 
mathematical  school  there,  allowing  a  handsome  salary 
for  ft  master  to  iniitrnct  a  certain  ntunbiT  of  the  boys  in 
mathematics  and  navigation,  to  qualify  them  for  the  sea- 
aervice.  Here  he  soon  found  an  opportunity  uf  exerting* 
hi*  abilities  in  a  manner  somewhat  answerable  to  bis 
wishes,  namely,  that  of  serving  the  rising  generation.  And 
considering  with  himself  the  benefit  the  nation  might  re- 
,.  ceive  from  a  matbumaiical  school,  if  rightly  conducted, 
he  made  it  his  utmost  care  to  promote  ihc  improvement 
of  iL  But  though  the  school  was  established,  thei^ 
(till  wanted  a  methodical  instilution'from  which  the  youths 
might  receive  such  necessary  helps  as  their  studies  re- 
quired :  a.  laborious  work,  from  which  his  other  great 
and  assiduous  employments  migbt  very  well  haveexempted 
him,  had  not  a  predominant  r^ard  to  a  more  general 
usefiilneM  engaged  him  to  devote  all  the  leisure  hours 
of  his  declining  years  to  the  improvement  of  so  luefal  and' 
important  a  seminary  of  learning. 

Having  thus  engaged  himself  in  the  prosecution  of  this 
general  design,  he  next  sketched  out  the  plan  of  a  course 
or  system  of  mathematics  for  t^je  use  of  the  school,  and 
then  drew  up  and  published  several  parts  of  it  himself, 
when  death  put  an  end  to  his  labours,  before  the  work 
was  completed,  about  the  middle  of  j681,  the  year  in 
which  the  work  was  published  by  his  sons-in-law,  Mr, 
Hanway  and  Mr.  Potinger.  Of  this  work,  the  Arithme-' 
tic.  Practical  Geometry,  Trigonometry,  and  Cosmography, 
were  written  by  Sir  Jonas  himself,  and  printed  before  his 
death.  The  Algebra,  Navigation,  and  the  books  of  Eu- 
clid were  supplied  by  Mr.  Perkins,  at  that  time  master  of 
the  mathematical  school.  And  the  Astronomy,  or  Doctrine 
of  the  Sphere,  was  written  by  Mr.  Flamsteed,  the  astrono- 
meiwroyal. 

Farther,  as  be  was  the  king's  constant  counsellor  in  all 
natten  of  science,  it  was  doubtless  by  his  advice  that  the 
Royal  Society  also  was  founded  in  the  year  1662. 

The  list  of  Sir  Jonas's  works,  as  far  as  I  have  seen  them, 
it  as  follows : 

1>  The  New  System  of  Mathematics;  above  mentioned, 
in  2  vols  4to,  l€81. 

2.  Aritbmetic  in  two  books,  tIi,  Vulgar  Arithmetic 
and  Alf^bra.  To  which  are  added  two  Treatises,  the 
one,  A  new  Contemplation  Geometrical,  upon  the  Oval 
Figure  called  the  Ellipsis;  the  other.  The  two  first  books 
of  Mydo^us,  bis  Conical  Sections  aiwliKd  &c,  Svo,  166O. 


3.  A  Mathematical  Compendium ;  or  Useful  Practices 
in  Arithmetic,  Geometry,  and  Astronomy,  Gt-ogruphy 
and  Navigation,  kc,  &c.  12mo,  4lh  edition  in  1705. 

4.  Modem  Fortification,  fitc,.  167-3,  in  8vo. 

5.  A  General  Treatise  of  Artillery  t  or,Greai  Ordnance. 
Written  in  Italian-hyTomasoMorelii  of  Breboia.  Trans- 
lated into  English,  with  notes  (bereuponj  and  some  addi- 
tions out  of  French  far  Sea-Gunntrs.  By  Sir  Jonas 
Moore,  Kt.  8vo,  l683. 

MORCLAND  or  MORIAND  (Sir  Samuel),  an 
ingenious  mechanist  and  philosopher.  He  was  master  of 
mechnnkij  to  king  Charles  the  3d,  and  he  invented  several 
useful  machines;  hs,  the  speaking-trumpet,  a  tire-engine, 
and  a  capstan  for  heaving  up  anchors,  &c.  He  pubHshed 
also  a  respectable  book  on  Arithmetic,  in  167*-  Three 
papers  of  his  arc  inserted  in  the  Philos.  Trans. ;  one  on  the 
3 peaking- trumpet  above-mentioned  ;  another  on  a  scheme 
for  raising  water ;  and  a  third  on  a  successful  operation 
for  the  hydrops  pectoris. 

This  author  was  the  son  of  another  Sir  Samuel  Morland, 
a  great  statesman,  and  under -secretary  to  the  minister 
Thurlow.  lie  was  employed  by  Cromwell  in  several  em- 
bassies, and  had  received  the  title  of  baronet  for  services 
rendered  to  King  Charles  the  1st. 

■  In  l67i.  Sir  S.  got  a  patent  for  a  certain  powerful 
engine  to  raise  water,  which  project  was,  in  the  preceding 
year,  announced  in  the  Philos.  Trans,  of  the  Royal  Society. 
This  machine,  bytbe  strength  of  8  men,  would  force  wa- 
ter, in  a  continual  stream,  from  the  river  Thames,  to  the 
top  of  Windsor  Castle,  and  60  feet  higher,  at  the  rate  of 
60  barrels  an  hour;  which  e^periment  was  repeated  seve- 
ral times,  in  the  year  I68I,  before  the  king,  queen,  and 
court;  when  his  majesty  presented  to  Sir  S.  a  medal, 
with  his  effigy  set  round  with  diamonds,  and  constituted 
him  his  master  of  racchaiiics,  &c.  So  that  it  secmt 
it  has  not  always  been  the  practice  to'present  to  this  office* 
without  some  view  to  public  utility. — To  Sir,S.  also  it 
appears,  is  due  the  first  account  of  the  steam-engine ;  on 
which  subject,  he  wrote  a  bouk,  in  which  he  not  only 
showed  the  practicability  of  the  plan,  but  wfnt  so  faras  to 
calculate  the  power  of  different  cylinders.  This  book  it 
now  e.vtant  in  manuscript,  in  the  Harleian  collection 
of  MSS.  in  the  British  Museum,  described  in  the  im- 
proved Harleian  catalogue,  vol,  iii.  No.  5771,  and  it  is 
alto  pointed  oui  in  ihe  preface  to  that  volume,  sect.  32. 
The  author  dates  his  inveniion  in  l682;  consequently  l7 
years  prior  to  Savory's  patent.  It  wat  presented  to  the 
French  king  in  1683,  at  which  time  e.fperimenis  were  ac- 
tually shown  at  St.  Germain's.  As  Mr.  S.  held  places 
under  Charles  the  2d,  we'must  naturally  conctmie  that  ho. 
would  not  have  gone  over  to  France  to  ofii'r  lis  invention  ■ 
to  Louis  the  14th,  had  he  not  found  it  sMghicd  at  home. 
The  project  seems  to  have  remained  obscux-  in  both  coun-. 
tries  till  16981  when  Savery,  who  probably  knew  more  of 
Morland's  invention  than  be  ownnl,  otiiaincd  a  patettt; 
and  in  the  very  same  year,  M.  Amontons  propnsed  some- 
thing similar  to  the  Frenph  Academy,  seemingly  a:)  his 

MORTALITY.  BilU  of  SfartaiUy,  ate  accounts  or 
registers  specifying  the  numbers  born  and  buried,  and 
sometimes  married,  in  any  town,  parish,  or  district.  These 
are  of  great  use,  not  only  in  the  doeirine  of  lite  annuities, 
but  in  showing  the  degrees  of  h-althiness  and  pr<'lificneBS, 
with  the  progress  of  population  in  the  places  whore  ihey 
are  kept.    It  it  therefore  much  to  be  wished  that  such  ac- 
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counts  had  always  been  correctly  kept  in  every  kingdom, 
and  regularly  published  at  the  end  of  every  year.  We 
sliould  ihen  bave  had  under  inspection  the  comparative 
strength  of  every  kingdom,  as  far  as  it  depends  on  the 
number  of  inhabitants,  and  iu  increase  or  decrease  at  dif- 
ferent periods. 

Such  accounts  are  rendered  stJII  more  useful,  when 
they  include  the  ages  of  the  dead,  und  the  distempers  of 
which  they  have  di(;d.  In  this  case  they  convey  some  of 
.  the  must  important  instructions,  by  furnisliing  the  means 
of  ssceriaining  the  law  which  governs  the  waste  of  human 
life,  the  valuesiorannuiiies  dependent  on  the  continuance 
of  any  lives,  or  any  survivorships  between  them,  and  the 
favourableness  or  unfavourableness  of  diOerent  situations 
'   tu  the  duration  of  life. 

There  are  however  hut  few  registers  of  this  kind;  nor 
has  this  subject,  though  so  interesting  to  mankind,  ever 
engaged  much  attention  till  lately.  Indeed,  hills  of 
mortality  for  the  several  parishes  of  the  city  of  London 
have  been  kept  from  the  year  1592,  with  little  interrup- 
tion ;  and  a  very  ample  account  of  them  has  been  pub- 
lisiied  down  to  the  year  1759,  by  Dr.  Birch,  in  a  large 
4to  vol.  which  is  perhaps  the  must  complete  work  of  tiie 
kind  extant ;  containing  besides  the  bills  of  mortality,  with 
the  diseases  and  casualties,  several  other  valuable  tracts 
on  the  subject  of  them,  and  on  political  arithmetic,  by 
several  other  authors,  as  Capt.  John  Graunt,  r.  a.  s.; 
Sir  William  Petty,  f.  a.  s.;  Corbyn  Morris,  Esq.  F.  U.S.; 
and  J.  P.  Esq.  r.  n.  ■.;  the  whole  forming  a  valuable  re- 
pository of  materials ;  and  it  would  be  well  if  a  continua- 
tion were  published,  down  to  the  present  date, and  so  con- 
tinued from  time  to  time. 

Bills,  containing  the  ages  of  the  dead,  were  long  since 
published  for  the  town  of  Breslaw  in  Silesia.  It  is  well 
■  known  what  use  has  been  made  of  these  by  Dr.  Halley, 
and  after  him  by  Mr.  Dcmojvre.  A  table  of  the  proba- 
bilities of  the  duration  of  human  life  at  every  age,  deduced 
from  them  hy  Dr.  Halley,  was  published  in  the  Philos. 
Trans,  vol.  17>  and  has  been  inserted  in  this  work  under 
the  article  LiFE-<4nntn(iM;  which  it  the  first  table  of  the 
kind  that  has  been  published.  Since  the  publication  of 
this  table,  similar  bills  have  been  established  in  many 
other  places,  in  England,  Germany,  Switzerland,  France, 
Holland,  Stc,  but  more  particularly  in  Sweden ;  the  re- 
sults of  some  of  which  may  be  seen  in  the  large  compara- 
tive table  of  the  duration  of  life,  under  our  article  Life- 
Aimtiitia,  as  well  as  in  the  writings  of  Dr.  Price,  baron 
Maseres,  Mr.  Baily,  &c. 

MORTAR,  or  Mohtas-Piece,  a  short  piece  of  ord- 
nance, thick  and  wide,  proper  for  throwing  bonib-shells, 
carcases,  stones,  grape-shot.  Sec.  It  is  thought  that  the 
tise  of  mortars  is  prior  to  that  of  cannon :  fur  they  were 
employed  in  the  wan  of  Italy,  to  throw  balls  of  red-hot 
iron,  and  stones,  long  before  the  invention  of  shells :  and 
it  is  generally  believed  that  the  (jermans  were  the  first 
inventors.  The  practice  of  throwing  red-hot  balls  out  of 
mortars,  was  first  practised  at  the  siege  of  Stralsund  in 
1675,  by  the  elector  of  Brandenburg ;  though  some  say, 
In  1653,111  the  sifge  of  Bremen. 

Mortars  are  made  either  of  brass  or  iron,  and  it  is  usual 
to  distinguish  them  by  the  diameter  of  the  bore ;  as  the 
13  inch,  the  10  inch,  or  the  8  inch  mortar;  there  are 
some  of  a  smaller  son,  as  Coehoms  of  4'6  inches,  and 
Royds  of  58  inches  in  diameter.  As  to  the  larger  sises, 
as  18  inches,  &c,  they  are  now  disused  by  the  Cnj^lisii,  as 
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well  as  most  other  European  nations.  For  the  circum- 
stances relating  to  mortars,  see  Muller's  Arlilleiy. 

OeAom  MoRTAB,  a  small  kind  of  one,  invented  by  the 
celebrated  engineer  baron  Coeborn,  to  throw  small  shells 
or  grenades.  '  These  mortars  have  been  sometimes  fixed, 
to  the  number  of  a  dozen,  on  a  block  of  oak,  at  the  ele- 
vation of  46°. 

MOTION,  or  Local  MoTiotr,  is  a  continued  and  suc- 
cessive change  of  place.  Borelli  defines  It,  the  lUCcessivE 
passage  of  a  body  from  one  place  to  another,  in  a  deter- 
minate time,  by  becoming  successively  contiguous  to  al 
the  parts  of  the  intermediate  space.  Or  motion  is  thai 
affection  of  matter  by  which  it  is  transferred  from  0111 
point  of  space  to  another. 

In  order  that  the  doctrine  of  mechanics  may  be  brougb 
within  the  boundaries  of  mathematical  investigation,  iii 
necessary,  not  only  that  the  quantities  it  proposes  fo 
discussion  should  be  measurable,  either  in  themselves  o 
in  their  effects,  but  also  that  some  general  principle 
should  be  established,  the  truth  of  which  should  be  in 
controvertible,  and  to  which  the  student  may  at  all  time 
appeal  in  the  course  of  his  reseirrches.  Such  genere 
principles  were  first  distinctly  proposed  by  Sir  I.  Newtoi 
in  his  Principia,  and  they  have  since  his  time  been  receive 
as  mechanical  axioms,  or,  as  they  are  commonly  callei 
Laws  of  Motion,  which  are  as  follows : 

1.  Every  body  continues  in  its  state  of  rest  or  unifori 
motion  in  a  right  line,  until  a  change  is  effected  in  it,  b 
the  agency  of  some  external  force. 

2.  Any  change  affected  in  the  quiescence,  or  motion  1 
a  body,  is  in  the  direction  of  the  force  impressed,  and 
proportional  to  the  quantity  of  it. 

3.  Action  and  reaction  are  equal  and  contrary;  < 
the  mutual  actions  of  two  bodies  on  each  other,  are  a 
ways  equal,  and  directed  to  contrary  parts. 

CmfmuofMttqf  Motion,  or  the  cause  why  a  body,  om 
in  motion,  continues  to  persevere  in  it,  is  a  subject,  th 
has  been  much  controverted  by  many  celebrated  philos 
phcrs;  we  must,  however,  be  content  with  knowing  that 
is  one  of  the  fundamental  laws  of  nature,  which  is  beyoi 
the  comprehension  of  the  human  mind;  and  by  whic 
motion  once  begun,  would  be  continued  in  infinitum,  we 
it  to  meet  with  no  interruption  from  external  caus< 
such  as  the  powef  of  gravity,  the  resistance  of  mediun 
&c,  &:c. 

Commmicaiion  qf  Motion,  or  how  a  body  in  moti 
communicates  the  same  to  a  body  at  rest,  by  coming 
contact  with  it,  is  also  a  subject  which  has  been  as  mu 
controverted  by  philosophers  as  the  former,  and  after  a 
is  as  tittle  understood  as  the  £outinuation  of  motion^  t 
cause  of^nivity,  and  other  speculative  inquiries  of  a  sir 
lar  nature- 
Motion,  as  we  before  observed,  is  the  proper  subject 
mechanics,  and  these  are  the  basis  of  all  natural  philo 
phy  ;  and  hence  the  denomination.  Mechanical,  or  Exi 
rimental  Philosophy. 

In  effect,  all  the  phenomena  of  nature,  all  the  chan 
that  happen  in  the  system  of  bodies,  are  owing  tomotit 
and  are  directed  according  to  the  laws  of  it.  Hence 
modernphilosophers  have  applied  themselves  with  pecu 
ardour  to  consider  the  doctrine  of  motion;  to  investig 
the  properties  and  laws  of  it;  by  observation  and  exp< 
ment,  aided  by  the  use  of  geometry.  And  to  this  is  ovt 
the  great  advantage  of  the  mudej-n  philosophy  over  tha 
who  generally  founded  their   systems 
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philosoitby  oo ionic ab&urd  hypoilie&b  of  their  own  inven- 
liun;  whereas  the  moctoms,  by  deducing  theirs  from  ex- 
periment, carefully  attd  frequeDtly  rcpvatcd,  arc  enabled 
(o  pruCotd  from  effects  tu  their  causes  in  a  much  more  ra- 
tional manner. 

Motion  is  cunaideivd  *i  of  various  kindi,  viz.  Absolute, 
,      Relative,  Equable,  Accelerated,  Retarded,  &c. 

Absolute  MoTio¥,  is  an  absolute  change  of  place,  in 
any  moving  body,  considered  independently  of  any  other 
■nuiion,  the  celerity  of  which  will  therefore  be  measured 
by  the  quantity  of  absolute  space  which  the  moveable 
body  has  passed  over.     And 

Relative  Motiom,  is  tlje  change  of  the  relative  place  of 
a  moving  body,  considered  with  respect  to  some  other  body 
also  in  motion,  and  the  celerity  of  it  ii  eatimaied  by  the 
quantity  of  relative  space  run  through.  This  may  be  il- 
lustrated by  considering  two  vessels,  tailing  either  in  the 
Eame,oriucontrsry  directions,  but  with  different  velocities 
ill  the  former  case ;  both  of  which  are  in  absolute  motion 
with  regard  to  the  port  whence  they  sailed,  or  any  other 
fixed  point,  but  in  relative  motion  with  respect  to  each 
other. 

Among  the  ancients,  there  is  nothing  extant  on  motion, 
excepting  some  things  in  Archimedes's  books  Oe  £qui- 
ponderantibus,  and  in  Aristotle's.  We  are  indebted  to 
Galileo  for  a  great  part. of  the  doctrine  of  motion:  he  first 
discovered  the  general  laws  of  it,  and  particularly  of  the 
descent  of  heavy  bodies,  both  perpendicularly  and  on  in- 
clined planes;  the  laws  of  the  motion  uf  projectiles;  the 
vibration  of  pcnduluins,  and  of  stretched  cords,  with  the 
theory  of  resistances,  &c :  tilings  which  the  ancienU  had 
little  notion  of. 

Torricelli  considerably  improved  on  the  discoveries  of 
hit  master,  Galileo;  and  added  many  experiments  concern- 
'«i%  the  force  of  percussion,  and  the  equilibrium  of  Huidt. 
Uuygens  extended  the  doctrine  of  pendulums;  and  both  . 
he  and  BorcUi  the  effects  of  percussion.  'Lastly,  New- 
ton, Leibniix,  Varignon,  Muriotte,  &c,  have  brought  the 
doctrine  of  motion  still  nearer  to  perfection. 

The  general  laws  of  motiun  were  first  brought  into  a 
system,  and  analytically  demonstrated  together,  by  Dr. 
Waltis,  Sir  Christopher  Wreu,  and  M.  Huygens,  all  much 
about  the  same  time;  the  first  in  bodies  not  elastic,  and 
the  two  latter  in  elastic  bodies.  Lastly,  the  whole 
doctrine  of  motion,  including  all  the  discoveries  both 
of  the  ancients  and  moderns  on  that  head,  was  given  by 
Dr.  U'allis  |n  his  Mechanicu,  sive  De  Motu,  published 
in  1670. 

Stumtifyi^MoTiON,  is  thesame  as  KIomentuu,  which 
see.  It  is  a  principle  maintained  by  the  Cartesians,  and 
some  others,  that  the  Creator  at  the  beginning  impressed 
a  certmn  (|uantily  of  moUon  on  bodies;  and  that  under 
such  laws,  as  that  no  part  of  it  should  be  lost,  but  the 
same  portion  of  tnotion  should  be  constantly  preserved  in 
matter:  and  hence  they  conclude,  that  if  any  moving 
body  strike  another  body,  tbc  former  loses  no  more  of  its 
moliin  than  it  communicates  to  the  latter.  This  position 
however  has  been  opposed  by  other  philosophers,  and  per- 
haps justly,  unless  the  preservation  of  motion  be  under- 
stood only  of  tb.e  quantity  of  it  as  estimated  always  in  the 
same  direction;  in  which  case  the  principle  will  hold 
good.  However,  the  reasoning  ought  to  have  proceeded 
in  the  contrary  order;  by  first  observing  from  experiment, 
m  otherwise,  that  when  two  bodies  act  upon  each  other, 
the  one  gains  exactly  the  motion  which  is  lost  by  the  other, 
Vol.  II.       , 
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iven-  in  the  same  direction;  and  hence  have  drawn  the  in- 
ferencc,  that  there  is  therefore  the  san^e  quantity  of  mo- 
lion  preserved  in  the  universe,  as  was  created  by  God  in 
the  beginning;  since  no  bodycan  act  uponanother,without 
being  ilself  equally  acted  on  in  the  opposite  or  contrary 
direction. 

Equable  Motion,  ii  that  by  which  the  moving  body  pro- 
ceeds  with  exactly  the  same  velocity  or  celerity;  passing 
always  over. equal  spaces  in  equal  times. 

Toe  Lavis  of  Equable  Motion,  an  these:  I.  The  spaces 
described,  or  passed  over,  are  in  the  compound  ratio  of 
the  velocities,  and  the  times  of  describing  those  spaces.  So 
that,  if  r  and  t>  be  any  two  uniform  velocities,  9  and  1  the 
spaces  described  or  passed  over  by  them,  in  the  respective 
times  T  and  t  : 

then  is  s  :  t  :  :  TV  :  ft>, 

or  20  :  1 2  :  :  4  X  5  :  3  X  4  r 

taking  T  =  4,  (  =  3,  v  =  5,  Bndp  =  4. 

2.  In  uniform  motions,  the  time  is  as  the  space  directiyi 
and  as  the  velocity  reciprocally;  or  as  the  spaca  divided 
by  the  velocity.     So  that 

T  :  t  :  :  —  :-  or  :,:  8»  :  *T. 

3.  The  velocity  is  as  ^e  space  directly,  and  the  time 
reciprocally ;  or  as  the  space  divided  hf  1^^  y\nx. 
That  is,  V  :  B  :  :   -  :   -  or  :  :  s*  :  «. 

jleceterated  Motiom,  is  that  which  continually  receives 
fresh  accessions  of  velocity.  And  it  is  said  to  be  utuformly 
accelerated,  when  its  accessions  of  velocity  are  equal  in 
equal  times ;  such  as  that  which  is  produced  by  the  conti- 
nual action  of  one  and  the  same  force,  like  the  force  of  gra- 
vity, &c, 

Retarded  Motioh,  is  that  whose  velocity  continually 
decreases.  And  it  is  said  to  be  uniformly  retarded,  when 
its  decrease  is  continually  proportional  to  the  time,  or  by 
equal  quantities  in  equal  limes;  like  that  which  is  pro- 
duced by  the  continual  apposition  of  one  and  the  same 
force ;  sucb  as  the  force  of  gravity,lD  uniformly  retarding 
the  motion  of  a  body  that  is  thrown  upwards. 

The  laws  of  motion,  uniformly  accelerated  or  retarded, 
are  these :  1.  In  uniformly  varied  motions,  the  space,  s  or 
(,  is  as  the  square  of  the  time,  or  at  the  square  of  the  gres^ 
est  velocity,  or  as  the  rectangle  or  product  of  the  tine  and 
velocity. 

That  is,  ■  :  *  :  :  T*  :  *'  :  ;  V*  :  »■* ; :  TV  :  hf. 

2.  The  velocity  is  at  the  time,  or  as  the  space  divided  by 
the  lime,  or  as  the  square  root  of  the  space. 

'That  is,  V  :  D  :  :  T  :  «  : :  ^  :  ^  :  :  v's  :  v'*- 

3.  The  time  ii  as  the  velocity,  or  as  the  space  divided  1^ 
the  velocity,  or  as  the  square  root  of  the  space. 
,    That  is,  T  r  *  : :  V  111  : :  -  ;  ^  : :  ^8  :  ^t. 

4.  When  a  space  is  described,  or  passed  over,  by  an 
uniformly  varied  motion,  the  velocity  either  beginning  at 
nothing,  and  continually  accelerated  ;' or  else  beginning 
at  some  determinate  velocity,  and  continually  retarded  till 
the  velocity  be  reduced  to  nothing;  then  the  space,  so 
described  by  any  body,  is  exactly  equal  to  half  the  space 
that  would  be  run  over,  in  the  same  lime  by  the  greatest 
velocity  if  uniformly  continued  fur  that  time.  So,  for 
instance,  if;  denote  the  space  run  over  in  one  second,  oc 
any  other  lime,  by  such  a  variable  motion  ;  then  ig  would 
be  the  space  that  would  be  run  over  in  one  second,  or  the 
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MIDC  time,  by  the  greateat  velocity  uDifonoly  continued 
for  the  Mine  time;  or  9g  would  be  the  greatest  velocity 
per  lecond  nhich  tjie  moving  body  had.  Consequently,  if 
I  be  any  other  time, i, the  apace  tun  over  in  that  time,  and 
*  the  greateit  velocity  attained  in  it;  then,  from  the  fore- 
goiDg  articles,  it  will  be 

l" :  ^  :  :  9g  '■  2p  ==  » the  .velocity, 
and  \*  :f::    g:  gi*  =  t  the  ipace. 
And  hence,  for  any  luch  uniformly  varied  motion*,  the  re- 
lations among  the  teveral  quantitiei  concerned,  will  beex- 
presied  by  the  following  rqnationi :  vii, 

f  n  f  I*  a:  iftr  3>  — ;        *  i»  ~  =  —  --  ^1. . 

-a  (  V  a  » »        at       f       At 

And  theie^equations  will  bold  good  in  the  motion  either 
generated  or  deatroyed  by  the  force  of  gravity,  or  by  any 
other  uniform  force  whatever.  See  also  the  articlesOEA- 
TtTT,  AcciLERATtoir,  RxTAaoATiox,  &C.     Again, 

5unfi/e  Motion,  ii  that  which  ii  produced  by  some  one 
power  01  force  only,  and  ii  always  rectilinear,  or  in  one 
direction,  whether  the  forte  be  only  momentary  or  conti- 
nued.    And 

Compvund  Motion,  ii  that  which  is  produced  by  two 
or  more  powen  acting  in  different  directions.  See  Cox- 
POOK  D,  and  CouroaiTioN  ofMotwp, 

If  a  moving  body  l>e  acted  on  by  a  double  power ;  the 
one  according  to  the  direction  ab,  the  other  accordii^  to 
AC  ;  then,  with  the  compound  motion, 
01  that  which  i>  compounded  of  these 
two  ioffithn,  it  will  describe  the  dia- 
gonal AD  of  the  parallel ogiam,  whose 
sides  An  and  ac  it  would  have  do- 
Kiibed  in  the  same  time  with  each  of 
the  le^ective  powers  separately  m.^ 


And  if  the  radios  of  a  circle  b« 
jMd«  to  revolve  about  the  centre  c, 
while  a  point  in  the  radios  sets  off 
Aom  a,  aad  keeps  moving  along  the 
radfua  toward*  the  ceotre;  then,  by 
this  compovnd  motion,  the  path  of 
the  point  will  be  n  hind  of  spiral 

A.BC.  

For  A«  particular  laws  of  motion,  ariiing  from  the 
collision  of  bodies,  both  elastic  and  non-elaitic,  and  that 
where  the  directions  ai*  both  perpendicular  and  oblique, 
■eePERCussioH. 

forCiBCuiAnJIfofttMi,  and  (Ac LotM q/" Pboi£Ctii.x», 
*«e  the  rcspociire  words. 

For  the  flhiion  <tfPeadiJumi,  and  tie  Lauii  qf  (hcUlatioii, 
see  PEMnuLUH. 

Perpttual  Min'ioN,  is  a  motion  which  is  supplied  and 
renewed  from  itself,  without  the  inter>'entioD  of  any  ex- 
ternal cause.  The  celebrated  problem  of  a  perpetual 
motion,  coniists  in  the  inventing  a  machine,  which  has 
the  principle  of  its'  motion  within  itself;  and  is  a  problem 
that  has  engaged  theattentionorcertaininothematicians  for 
2000  years ;  though  none  perhaps  have  prosecuted  it  with 
attention  and  esniettness  equal  to  those  of  the  last  cen~ 
tury.  Infinite  arc  the  schemes,  designs,  plans,  engines, 
wheels,  &c,  to  which  this  long-desired  perpetual  motion 
has  given  birth. 

M.  LahEre  has  proved  the  impossibility  of  any  such 
machine,«nd  finds  that  it  amounis  to  this;  vii,  to  lind  a 


body  which  is  both  heavier  and  lighter  at  the  tame  time, 
or  to  find  a  body  which  ii  heavier  than  itself.  Indeed  there 
seems  but  little  in  nature  to  countenance  all  tbiiassidui^ 
and  expectation :  among  all  the  laws  of  matter  and  mo- 
tion, we  know  of  none  yet  that  seem  likely  to  furnish  any 
principle  or  foundation  for  inch  an  effect. 

Action  and  reaction  it  is  allowed  are  always  equal ; 
and  a  body  that  ^ves  any  quantity  of  motion  to  another, 
always  lose*  just  so  much  of  its  own ;  but  under  the  pre- 
ieaX.  state  of  things,  the  resistance  of  the  air,  the  friction  of 
the  parts  of  machines,  &c,  do  necessarily  retard  evtry 
motion.  To  continue  the  motion  therefore — either,  first, 
there  must  be  a  supply  from  some  foreign  cause ;  which  in 
a  perpetual  motion  is  excluded.  Or,  Sdly,  all  resistance 
from  the  friction  of  the  parts  of  matter  must  be  removed ; 
which  necessarily  implies  a  change  in  the  nature  of  things. 
Or,  Sdly  and  lastlv,  there  most  be  some  method  of  gain- 
ing a  force  equivalent  to  what  is  loat,  by  the  artful  dispo- 
sition and  combination  of  mechanic  powers;  to  which 
last  point  then  all  endeavours  are  to  be  directed :  but 
how,  or  by  what  means,  such  force  should  be  gained,  is 
still  a  mystery.  The  multiplication  of  powers  or  forces,  it 
Is  certain,  avails  nothing;  for  what  is  gained  in  power  is 
lost  in  time,  so  that  the  quantity  of  motion  still  reroaini 
the  same.  This  is  an  invariable  law  of  nature ;  by  which 
nothing  is  left  to  art,  but  the  choice  of  the  several  combi- 
nations that  may  produce  the  same  effect. 

There  are  vanous  ways  by  which  absolute  force  may  be 
gained  ;  but  since  there  is  always  an  equal  gain  In  oppo- 
site directions,  and  no  increase  obtained  in  the  same  direc- 
tion; in  the  circleof  actions  necessary  to  makea  perpetual 
movement,  this  gain  must  be  presently  lost,  and  will  not 
serve  for  the  necessary  expense  of  force  employed  in  over- 
coming friction,  and  the  resistance  of  thcf  medium.  And 
therefore,  though  it  could  be  shown,  that  in  an  infinite 
number  of  bodies,  or  in  an  infinite  machine,  there  could  ba 
again  of  force  (or  ever,  and  a  motion  continued  to  infinity, 
it  does  not  follow  that  a  perpetual  movement  can  be  made. 
That  which  was  proposed  by  M.  Leibnitz  in  the  Leipsic 
Acts  of  ifi^O.as  a  consequence  of  the  common  estimation 
of  the  forcea  of  bodies  in  motion,  ia  of  this  kind,  and  for 
this  and  other  reaaons  ought  to  be  rejected.  See  Okf- 
rTRioa's  Wheel,  &c,  also  my  Recreations,  vol.  2,  prob. 
53  on  Mechanics. 

jfcmaf  Motion,  is  that  by  which  the  situation,  figure, 
magnitude,  &c,  of  the  parts  and  members  of  animals  ana 
changed.  Under  these  motion^,  are  included  all  the  animal 
functions;  as  respiration,  circulation  of  the  blood,  excre- 
tion, walking,  running,  he. 

Animal  motions  are  usually  divided  into  two  apedes ; 
viz.  Natural  and  Spontaneous. 

Natural  Motion,  is  that  involuntary  one  which  is 
effected  without  the  command  of  ihe  will,  by  the  mere 
mechanism  of  the  parts.  Such  as  the  motion  of  the  heart 
and  pulse;  the  peristaltic  motion  of  the  intestines,  &c. 
But 

Spontaneout,  or  Mtucular  Motiok,  is  that  which  is  per- 
formed by  means  of  the  muscles,  at  the  commsnd  of  the 
will;  which  is  hence  called  voluntary  motion.  Borelli  has 
a  celebrated  treatise  on  this  subject,  entitled  De  Motu 
Animalium. 

buaiine  Motion,  denotes  an  agitation  of  the  particles 
of  which  a  body  consists.  Some  philosophers  will  have 
every  body,  and  every  particle  of  a  body,  in  continual 
motion.     As  for  fluids,  it  is  the  definition  they  give  of 
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tbcm.  iIiBt  Ibeir  p&itt  are  in  conrinuK)  motion.  And  at 
h)  (olicls,  they  infer  tlic  lilte  motion  from  the  efBavia  con- 
tinually eini[|6d  through  thdr  pnrcs.  Hence  intestine  mo- 
tion is  represented  to  be  a  motion  of  the  internal  and  smaller 
.  parts  of  raacter,  continually  excited  by  some  extcrtial,  latent 
agent,  which  of  itself  is  innensible,  and  only  discovers  itself 
by  its  effects ;  appointed  by  mture  to  be,  the  great  instru- 
ment  of  the  changes  in  bodies. 

MoTiov,  in  Astronomy,  is  peculiarly  applied  to  tbe  or- 
derly courses  of  the  beavenly  bodies, 

lUean  Motion.     Sec  Mean. 

The  motions  of  the  celestial  luminaries  are  of  two  ktudt: 
Diurnal,  or  Common;  and  SeconHary,  or  Proper. 

Dittnuil,OT  iVtmory  Motion,  is  that  with  which  all  the 
heavenly  bodies,  and  tbe  whole  mundane  sphere,  appear 
to  revolve  every  day  about  the  earth.  From  east  to  west. 
This  is  also  called  tbe  motion  of  the  primum  mobile,  and 
tbe  common  motion,  to  distingnisb  it  from  that  rotation 
which  is  peculiar  to  ««ch  planetf  &c. 

SccPniary,  or /VopA- Motion,  is  that  with  which  astar, 
planet)  or  the  Uke,  advances  a  certain  space  every  day  from 
the  west  towards  the  east.  See  the  several  motions  of  each 
luminary,  nitb  the  irregularities,  &c,  of  them,  under  the 
proper  articles,  Eaetii,  Moon,  Stae,  Sec. 

Aagular  Motion,  is  that  by  which  the  angular  position 
of  any  thing  Varies.     See  Angular. 

Horary  Motion,  is  the  motion  during  each  hour.  See 
Horary.  « 

Paracentric  Motion  qflmp^a.    See  Pa&ackmtric. 

Motion  <^  Trepidtuion,  kc  See  Trepidation  and 
Libkation. 

.  MOTIVE  Power,  or  Force,  is  the  whole  power  or  force 
acting  upon  any  body,  or  quantity  of  matter,  to  move  it ; 
and  is  proportiimal  to  tbe  momentum  or  quantity  of  mo- 
lion  it  can  produce  in  agivcn  time.  And  it  is  thus  distin- 
goislied  from  the  accelerative  force,  which  is  considered  as 
affecting  tbe  celerity  only. 

MOTRIX,  something  that  has  tbe  power  or  faculty  of 
moving.     See  V'lt  Afotrix,  and  Motion. 

MOVEABLE,  something  susceptible  of  motion,  or  that 
is  disposed  to  be  moved.  A  sphere  is  the  most  moveable 
of  all  bodies,  or  is  the  easiest  to  be  moved  on  a  plane.  A 
door  is  moveable  on  its  binges ;  the  magnetic  needle  on  a 
pin  or  pivot,  &c.  Moveable  is  often  used  in  contradistinc- 
tion to  fixed  or  fixt. 

MoTEAiLE  FeatU,  are  such  at  are  tkiI  always  held  on 
the  same  day  of  tbe  year  or  month ;  though  they  may  be 
on  the  same  day  of  the  week.  Thus,  £astar  is  a  moveable 
feast ;  being  always  held  on  the  Sunday  which  falls  upon 
or  next  after  tbe  first  full  moon , following  the  Slst  of 
March.  See  Philos.  Trans.  No.  840,  pa.  185.  All  the  other 
moveable  feasts  follow  Easter,  keeping  their  constant  di- 
stance from  it;  so  that  they  are  fixed  with  respect  to  this, 
though  moveable  through  the  course  of  the  year.  Such  are 
Septuagesima,  Sexagesima,  Ash- Wednesday,  Ascension- 
Day,  Pentecost,  Trinity-Sunday,  &c. 

MOVEKIENT,  a  term  often  used  in  the  same  sense  with 
automaton.  The  most  usual  movements  for  keeping  time 
are  clocks  and  watches:  the  latter  are  such  as  show  the 
parts  of  time  by  inspection,  and  are  portable  in  tbe  pocket; 
the  former  such  as  publirit  il  by  sounds,  and  are  fixed  as 
furniture. 

HoTBMBHT,  in  its  popular  use,  signifies  all  the  inner 
works  of  a  dock,  watch,  or  other  machine,  that  move,  and 
bv  thu  motion  carry  on  the  design  of  the  instrument  Tbe 


movement  of  a  clock,  or  watcb,  is  the  inside;  or  lhBtj>art 
which  measures  tbe  time,  and  strikes;  exclu!>ive  of  the 
frame,  cuse,  dinl-plate.  Sic. 

The  parts  common  to  both  of  ihese  movements  are,  the 
main-spring  with  Its  appurtenances,  tying  in  the  spring 
box,  and  in  the  middle  of  it  lapping  about  the  spriog- 
arbot,  to  which  one  end  of  it  it  fasti-ned.  On  tbe  upper 
part  of  the  spring-arbor  is  the  endless  screw,  and  its  wheel ; 
but  ih  spring  clocks  this  is  a  ratchet-wheel  with  its  click, 
that  stops  it.  That  part  which  tbe  main-spring  draws, 
and  round  which  the  chain  or  string  is  wrapped,  is  called 
the  fusee,  the  proper  curve  for  which  is  the  byperbola ;  in 
large  works,  going  with  weights.  It  is  cylindrical,  and  is 
called  the  barrel.  Tbe  small  teeth  at  the  bottom  of  the 
fusee  or  barrel,  which  stop  it  in  winding  up,  is  called  tbe 
ratchet;  and  that  which  stops  it  when  wound  up,  and  is 
for  that  end  driven  up  by  tbe  spring,  the  gardegut.  The 
wheels  are  various :  the  parts  gf  a  wheel  are,  the  hoop  or 
rim ;  the  teeth,  the  cross,  and  the  collet,  or  piece  of  brass 
soldered  on  th^  arbor  or  spindle  on  which  the  wheel  is 
riveted.  The  little  wheels,  playing  in  the  teeth  of  thelareer, 
ate  called  pinions  ;  and  their  teeth,  which  are  4,  ^,  6,  8, 
&c,  are  called  leves;  the  ends  of  the  spindle  are  called 
pivots;  and  the  guttured  wheel,  with  iron  spikes  at 
bottom,  in  which  tbe  line  of  common  clocks  runs,  the 
pulley. 

l^eory  qf-OalcuIaiir^  tie  Numbenfor  MoTBMBiin. 

1.  It  is  first  to  be  observed,  that  a  wheel,  divided  by  its 
pinion,  shows  how  many  turns  the  pinion  has  to  one  turn 
of  tbe  wheel. 

2.  That  from  the  fusee  to  the  balance  the  wheels  drive 
the  pinions,  consequently  the  pinions  run  faster,  or  make 
more  revolutions,  than  the  wheel ;  but  it  b  tbe  contrary 
from  the  great  wheel  to  the  dial-wheel. 

3.  That  the  wheels  and  pinions  arc  written  down  either 
as  vulgar  fractions,  or  itl  the  way  of  division  in  common 
arithmetic:  for  example,  a  wheel  of  60  teeth,  moving  a 
pinion  of  5,  is  set  down  either  thus  V.  4  )  s6  (9 
or  thus  5)60,  which  is  better.  And  the  ~ — -  ■  ■  ^^- 
number  of  turns  tbe  pinion  has  in  one  *  ^  "  ^  ^' 
turn  of  the  wheel,  as  a  quotient,  thus  i^  ^  J 
i)  60  (12.  A  whole  movement  may  »  )  ^  i» 
be  written  as  annexed:  where  the  up-  17 
permost  number  expresses  the  ptnion  of  report  4,  the  dial- 
wheel  36,  and  the  turns  of  the  pinion  9 ;  the  second,  the 
pinion  and  great  wheel ;  tbe  third,  the  second  wheel,  &cj 
the  fourth,  the  contrate  wheel ;  and  the  last,  IJ,  the  crown- 
wheel. 

4.  Hence,  from  the  number  of  turns  any  pinion  toakes, 
in  one  turn  of  the  wheel  it  works  in,  may  be  determined 
the  number  of  turns  a  wheel  or  pinion  has  at  any  greater 
distance,  via,  by  multiplying  the  quotients  together;  tho 
product  being  the  number  of  tumii.  Thus,  suppose  tks 
■wheels  and  pinions  as  in  the  case  above;  the  quotient  11 
multiplied  by  9,  gives  ^,  the  number  of  turns  in  the 
second  pinion  5  to  odt  turn  of  the  wheel  55,  which  runs 
concentrical,  or  on  tbe  same  spindle,  vrith  the  pinion  5. 
Again,  9$  multiplied  by  8,  gives  792,  the  number  of  tuna 
the  last  pinion  has  to  one  turn  of  the  first  wheel  5.  Hence 
we  proceed  to  find,  not  only  tbe  turns,  but  lite  number  of 
beats  of  the  balance,  in  the  time  of  those  turns.  For, 
having  found  the  number  of  turns  tbe  erown-wheel  has  ia 
one  turn  of  the  wheel  proposed,  those  turns  multiplied 
by  its  notches,  pve  half  the  number  of  beats  in  that  ona 
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turn  of  the  wheel.  Suppose,  for  cxam|>lr,  llie  crown- 
wheel to  have  730  tunu,  tu  one  of  the  first  wheel;  this 
number  multiplied  by  15,  the  notches  in  ihc  crown-wfiecl,  ' 

fiToduces  10800,  half  the  nuiobcr  of  stroki-s  of  ihc  bn- 
ance  in  one  turn  of  the  tint  wheel  of  80  teeth.— The 
general  division  of  a  movement  is,  into  the  clocli,  and 
watch  parts. 

MOULDINGS,  in  Architecture, are  certain  projections 
beyond  the  naked  of  a  wall,  column,  wainscot,  lie,  ihe  as- 
semblage of  which  forms  cornices,  door-cases,  aii(l  other 
decorations  of  architecture. 

Mouldings,  arc  anne:>(ed  to  great  guns  by  way  of  or- 
nament, or  perhaps  in  some  parts  fur  strength;  uml  pro- 
bably are  derived  from  the  hoops  or  rings  which  bound  the 
long  iren  bars  together,  anciently  used  in  making  cannon. 

MOUNTAIN,  a  considerable  eminence  of  land,  ele- 
vated above  every  thing  around  it.  The  name  is  also 
given  to  a  chain  of  such  masses;  as  when  we  speak  of 
Mount  Atlas  in  Africa;  or  Mount  Caucasus,  extending 
Tram  Colchis  to  the  Caspian  Sea;  or  the  Pyrenean 
Mountains,  which  separate  France  from  Spain  ;  and  the 
Apennioe  Mountains,  traversing  the  whole  of  Italy. 

Naturalists  reckon  several  kinds  of  mountains;  and 
conjecture  that  they  have  not  all  the  same  origin,  nor  the 
■ame  date.  As,  1st,  Those  mountains  which  form  a 
chain,  and  are  covered  with  snow,  are  considered  as  pri- 
mitives orjintedtluvian.  These  greatlyexceed  other  moun- 
tains in  height;  in  general  their  elevation  is  very  sudden, 
and  their  ascent  very  steep  and  difficult;  their  shape  is 
pyramidical,  crowned  with  sharp  and  prominent  rocks. 
No  shells,  or  other  organized  marine  bodies,  are  found  in 
the  upper  parts  of  these  primitive  mountains,  except  on 
the  sides  near  the  base.  The  sione  of  which  they  consist 
ii  an  immense  mass  of  quartz,  which  penetrates  into  the 
bowels  of  the  earth  in  a  direction  almost  vertical.  Of  this 
kind  in  Europe  arc  the  Pyrenees,  the  Alps,  the  Apennines, 
those  in  Tyrol,  in  Silesia,  in  Carpalhia,  Saxony,  Norway, 
'&c.  In  Asia  ure  the  Riphean  Mountains,  Mounts  Cau- 
casus, Taurus,  and  Libanus.  Id  Africa,  Alias  and  the 
Mountains  of  the  Moon;  and  in  America  the  Apalachian 
Mountains,  and  the  Andes  or  Cordilleras.  Many  of  the 
latter  have  been  the  seats  of  volcanoes. — Sd,  Another 
kind  of  mountains  are  such  as  are  either  detached,  or 
surrounded  with  groups  of  little  hills,  the  crust  of  which 
is  gravelly  and  confusedly  arranged  logeihrr.  These  are 
truncated,  or  have  a  widt-  mouth  in  the  shape  of  a  funnel 
in  the  summit,  being  composed  of,  or  surrounded  with 
heaps  of  calcined  and  half  vitrified  b'jdies,  lava,  &c. 
These  appear  to  have  been  formed  by  ilifferent  strata 
thrown  up  into  the  air,  on  the  eruptions  of  subierriineous 
fire:  such  as  the  isles  of  Santorjn,  Monla-Nuovo,  Ztna, 
Adam's  Peak  in  the  island  of  Ceylon,  the  Teak  of  Tene- 
riRe,  and  many  others,  have  been  fnrmed  in  this  manner, 
— 3d,  Those  mountains,  whether  arranged  in  a  group  or 
not,  the  earth  or  stone  of  which  is  disposed  in  strata,  and 
of  one  or  more,  colours  and  substances,  are  supposed  to 
be  produced  by  the  substances  deposited  slowly  and  gra- 
dually by  the  waters,  or  by  soil  gained  at  the  time  of  great 
floods.  Though  these  mountains,  formed  by  strata,  somc- 
.  times  degenerate  into  little  hillsj  and  even  become  almost 
flat,  they  always  consist  of  an  immense  collection  of 
■  fossils  of  different  kinds,  in  good  preservation,  and  which 
are  pretty  easily  detached  from  their  beds.  These  fossils, 
consisting  of  marine  shells,  intermi."^ed  and  confounded 
yiih  heap;  of  organised  bodies  of  other  species,  have  an 


appearance  of  great  disorder,  by  means  of  some  extraordi- 
nary and  violent  currents.  All  these  phenomena  seem  tr> 
prove  that  most  of  these  mountains  chiefly  owe  their  origin 
to  the  sea,  which  once  covered  some  parts  of  our  conti- 
nents, now  left  dry  by  its  retreat. 

Of  those  mountains  which  extend  in  a  direction  north 
and  south, it  has  been  observed  that  their  west  side  is  usu- 
ally much  steeper  than  the  east  side;  but,  in  sucH  as  ex- 
tend cast  and  west,  the  south  sides  are  much  steeper  than 
the  northern  :  that  the  Alps  are  steeper  on  their  western 
and  southera  sides,  than  on  the  eastern  and  northern:  that 
in  America  the  Cordilleras  arc  steepest  on  the  western  side. 
And  so  in  like  manner,  in  all  continents,  as  well  as  hills 
and  islands,  the  west  and  sotilhem  sides  are  commonly  the 
steepest. 

Mountains,  Attraction  of.  As  attraction  is  found  to 
be  a  general  property  of  all  matter,  evincing  itself  univer- 
sally by  the  tendency  of  all  bodies  towards  the  centre  of 
the  globe ;  so  particularly  in  hills,  it  is  shown  by  tbeir 
drawing  the  plumb-line  aside  from  the  perpendicular, 
sideways  towards  the  hill,  more  or  less  according  to  its 
magnitude,  density,  and  situation.  And  by  the  observed 
etfect  of  these,  compared  with  that  of  the  whole  earth,  it 
has  been  determined  that  the  medium  density  of  this 
whole  globe  of  earth,  is  about  5  times  that  of  common 
water.  See  the  articles  Attraction,  Densitv,  and 
Earth,  also  my  Tracts,  vol. 2. 

•  Mountains,  Height  of.     The  following  is  a  list  of  the 
measured  altitudes  of  the  most  remarkable  mountains  ia 
most  parts  ul  ihc  carih,  in  t'jiglisb  feet. 
Chimboraco  19^9^     Source  of  the  Nile       80S3 

Cayambourou  l.Q'391     Monast.  St.  Bernard     7944 

Antiiana  l(»3.gO     Pic  de  tos  Reyes  7ti20 

Pichinho  15f)70     Puy  de  Dommu  5088 

Mont  Blanc  I36'6<>     Mount  HtcU  4s87 

Monte  Rosa  150S4     Mount  Vesuvius  3(J3S 

Pic  of  TenerifTc  14026     Ben  Laurs  3858 

Aiguille  d'Argenture  13403      Ben  Moir  »723 

Pic  d'Ossano  11700     Snowdon  3533 

Mount  ^tna  10954     Ben  Gloc  3472 

City  of  Quito  9977     Schibwllen  34fit 

PicduMedi  9300     TableHill.Good  Hopc345.4 

MountCenis  9212     Ben  Lomond  3180 

Canegou  8544     Tinio  2342 

Gondar,  in  Abyssinia    8440     Geneva  Lake  1.333 

Caspian  Sea  below  the  occun  306  feet. 

MOYNEAU.     See  Moineau. 

MULLER  (John),  commonly  called  Regiomon- 
tanus,  from  Mons  Regius,  or  Koningsberg,  a  town,  in 
Franconia,  where  he  was  bom.  in  143$,  and  be  became 
the  greatest  astronomer  anil  roalhemaiician  of  bis-iime. 
Having  first  acquired  grammatical  learning  in  his  own 
country,  he  was  admiUeU,  while  yet  a  boy,  into  the  aca- 
demy at  LcipsiOt  where  he  formed  a  strong  attachment  to 
the  mathematical  sciences,  arithmetic,  geometry,  asiro- 
nomvi  &c.  But  not  finding  proper  assiM^nce  in  these 
studies  at  this  place,  -he  removed,  when  ouly  IS  years  of 
age^  to  Vienna,  to  study  under  the  celebrated  Purhach, 
the  professor  there,  who  read  lectures  on  those  sciences 
with  the  highest  reputation,  A  strong  and  affectionate 
friendship  soon  took  place  between  them ;  and  our  author 
made  such  rapid  improvement  in  the  sciences,  that  h<;  waa. 
soon  able  to  be  assisting  to  his  master,  and  to  become  a 
companion  In  alt  his  labours.  In  this  manner  they  spent 
about  ten  ^e^n  together;  elucidating  obtcarities,  observv 
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ing  the  motions  of  the  heavenly  bodies,  and  comparing  and 
corractitig  the  tables  of  theb;  particularly  those  uf  Mars, 
which  they  foond  to  disagree  with  the  motions,  someTimes 
as  much  as  2  degrees. 

About  this  time  there  arrived  at  Vienna  the  cardinal . 
Bessarion,  who  came  to  negotiate  some  affairs  for  the 
pope;  who,  being  a  lover  of  astronomy,  soon  formed  an 
ac<]uaintance  wiih  Purbach  and  R^iomonlanus.  He  had 
begun  to  form  a  Latin  version  of  Ploleray'a  Almajrest,  or 
an  epitome  of  it;  but  not  having  time  to  go  va  with  it 
himself,  he  requested  Purbach  to  complete  the  work,  and 
for  that  purpose  to  return  with  him  into  Italy,  to  make 
himself  masler  of  the  Greek  tongue,  which  he  was  as  yet 
unacquainted  with.  To  these  proposals  Purbach  only 
assented,  on  condition  that  Regiomontanus  would  accom- 
pany him,  and  share  in  all  the  labours.  They  first  how- 
ever, by  means  of  an  Arabic  version  of  Ptulfmy,  made 
some  progress  in  the  work  i  hut  this  was  soon  interrupted 
by  the  death  of  Purbach,  which  happened  in  146 1,  in  the 
Sdth.year  of  his  age.  The  whole  lasli  then  devolved  on 
BegiomontanuSi  who  finished  the  work,  at  the  J'cquest  of 
Purbach,  made  to  him  when  on  his  death-bed.  This  work 
our  author  afterwards  revised  and  perfected  at  Rome, 
when  he  hud  learned  the  Greek  language,  and  consulted 
the  commentator  Tbeon,  &c. 

Regiomontanus  accompanied  the  cardinal  Bessarion  in 
his  return  to  Rome,  being  then  near  30  years  of  agt.-. 
Here  he  applied  himself  diligently  to  the  study  of  the 
Greek  language ;  not  ne^^lecting  however  to  make  astro- 
nomical observations  and  compose  various  works  in  that 
Kience  ;  as  his  Dialogue  against  the  Theories  of  Cremo- 
nenaia.  The  cnrdlnHl  going  to  Greece  soun  after,  Regio- 
tnonianus  went  [o  Ferrara,  where  he  continued  the  study 
of  the  Greek  langunge  under  Theodore  Gaza;  who  ex- 
plained to  him  the  text  of  Ptolemy,  with  the  commentaries 
of  Theoii;  till  at  length  be  became  so  perfect  in  it,  that 
he  cuul<l  compose  versra,  and  read  it  like  a  critic— fn 
1463  he  went  to  Padua,  where  be  became  a  member  of 
ibe  university;  and,  at  the  request  of  the  students,  ex- 
plained Alfraganus,  an  Arabian  philosopher-fin  14^4 
be  removed  to  Venice,  to  meet  and  aitenil  his  patron  Bes- 
sarion. Here  hu  wrote,  with  great  accuracy,  hit  Treatise 
,  on  Triangles,  and  a  Refutation  of  the  Quadrature  of  the 
Circle,  which  cardinal  Cusan  pretended  he  bad  demon- 
strated. The  same  year  he  returned  with  Bessarioo  to 
Rome;  where  he  made  some  stay,  to  procure  the  matt 
curious  hooks ;  those  which  he  could  not  purchase,  he 
took  the  pains  to  transcribe,  for  he  wriile  with  great  fa-  . 
cility  and  cleganci' ;  and  others  be  got  copied  at  a  great 
expense.  For  as  he  was  ceriaiu  that  none  of  these  books 
could  be  had  in  Germany,  he  thought  on  his  return 
thither,  he  would  at  his  leisure  translate  and  publish  some 
of  the  best  of  them.  Durina  this  time  too  he  had  a 
severe  contest  with  George  Trabezonde,  whom  he  had 
greatly  offended  by  animadverting  on  some  passages  in  his 
Iranslation  of  Theon's  Commentary. 

Being  now  weary  of  rambling  about,  and  having  pro- 
cured a  great  number  of  manuscripts,  which  was  one 
great  object  of  his  travals,  he  niturned  to  Vienna,  and 
performed  for  some  time  the  offices  of  his  professorship, 
by  reading  of  lectures  &c-  After  being  thus, employed, 
'  he  went  to  Quda,  on  the  invitation  of  Matthias  king  of 
Hungary,  who  was  a  great  lover  of  letters  and  the  sci' 
cnces,  and  had  founded  a  rich  and  noble  library  there: 
jlur  ■)<;  h«^  bought  up  all  th«  G^cel^  buolvs  that,  could  h<; 
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ftfund  on  the  sacking  of  Constantinople ;  also  those  that 
were  brought  from  Athens,  or  wherever  else  they  could 
be  met  with  through  the  whole  Turkish  dominions,  col- 
lecting them  ell  together  into  a  library  at  Buda.  But  a 
war  breaking  out  in  this  country,  he  looked  out  for  some 
other  place  to  settle  in,  where  he  might  pursue  his  studies, 
and  for  this  pur|)ose  he  retired  to  Nori-mberg.  He  tells 
us,  that  the  reasons  which  induced  him  tudesire  to  reside 
in  this  city  the  remainder  of  his  life  were,  that  the  artists 
there  were  dextrous  In  fabricating  his  astronomical  ma- 
chines; and  besides,  he  could  from  thence  easily  trans- 
mit his  letters  by  the  merchants  into  fori'ign  coun- 
nes.  Being  now  well  versed  in  all  parts  of  learning,  and 
having  made  the  utmost  proficiency  in  mathematics,  he 
determined  to  occupy  himself  in  publishing  the  best  of 
the  ancient  authors,  as  well  as  bis  own  lucubratioas.  For 
this  purpose  he  set  up  a  printing-house,  and  formed  a 
nomenclature  of  the  books  he  intended  to  publish,  which 
still  remains.      ' 

Here  that  excellent  man,  Bernard  Walther,  one  of  the 
principal  citizens,  who  was  well  skilled  in  the  sciences, 
especially  astronomy,  cultivated  an  intimacy  with  Regio- 
montanus ;  and  as  soon  as  he  understood  those  laudable 
designs  of  his,  be  took  upon  himself  the  expense  of  con- 
structing the  astronomical  instruments,  and  of  erecting  a 
printing-house.  And  first  be  ordered  astronomical  rules 
to  be  made  of  tin,  lor  observing  the  altitudes  of  the  sun, 
moon,  and  planets.  He  next  constructed  a  rectangular, 
or  ostL'onoiuical  radius,  for  taking  the  distance  of  those 
luminaries.  Then  an  armiilary  astrolabe,  such  as  was 
used  by  Ptolemy  and  Hipparchus,  for  observing  the 
places  and  motions  of  the  stars.  Lastly,  he  made  other 
smaller  instruments,  as  the  tort^uel,  and  Ptolemy's  mete- 
oroscope,  with  some  others  which  had  more  of  curiosity 
than  utility  in  them.  From  this  apparatus  it  evidently 
appears,  that  Regiomontanus  was  a  most  diligent  observer 
of  the  laws  and  motions  of  the  celestial  bodies,  if  there 
were  not  still  stronger  evidences  of  it  in  the  accounts  of 
the  observations  themselves  which  he  made  with  them. 

.  With  regard  to  the  printing-house,  which  was  the  other 
part  of  his  design  in  settling  at  fjoremberg,  as  soon  as 
he  hod  completed  it^  he  put  to  press  two  works  of  bis 
own,  and  two  others.  The  latter  were,  The  New  Theories 
of  his  master  Purbach,  and  the  Astronomicon  of  Manilius. 
And  his  own  were,  the  New  Calendar,  in  which  were 
given  (us  he  says  in  the  index  of  the  books  which  he  in- 
tended i/a  publish)  the  true  conjunctions  and  oppositions 
of  the  luminaries,  iheir  eclipses,  their  true  placet  every 
day,  &c.  His  other  work  was  his  Kphemerides,  of  which 
he  thus  speaks  in  the  said  index  :  "  The  Ephenierides, 
which  is  vulgarly  called  an  Almanac,  for  30  years :  where 
you  may  every  day  see  the  true  motion  of  all  the  planets, 
of  the  moon's  nodes,  with  the  aspects  of  the  moon  to  the 
sun  and  planets,  the  eclipses  of  the  luminaries;  and  in  . 
the  fronts  of  the  pages  are  marked  the  latitudes,"  He 
published  also  most  acme  commeniarips  on  Ptolemy's  Al- 
magest; a  work  which  cardmal  Bessarion  so  iiiahiy  valued, 
that  he  scrupled  not  to  esteem  it  worth  a  whole  province. 
Ileprepared  also  new  versions  of  Ptolemy'sCosmography;  ■ 
and  at  bjs  leisure  hours  examined  and  explained  works  of 
another  nature.  He  inquired  how  high  the  vapours  are 
carried  above  the  earth,  which  he  fixed  to  be  not  more 
than  1 2  German  miles.  Ue  set  down  observations  of  two 
comets  that  appeared  in  the  years  1471  and  14?2, 

Jd  147 4>  pope  Sixli|S  (he  4th  conceived  a  d^ign  oCrc- 
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rorniing  Ihe  calendar ;  sni)  sent  for  Beglomsntantu  to  m  *re  compowd  of  nany  name*,  parti,  at.  raembcn ;  t*. 

Rome,  ai  the  tnkHt  proper  and  able  person  to  accumpUsfa  »  •*-  b  •*■  c  -i-  d  &c. — For  the  railing  an  infinite  tnulu- 

liii  purpose.  Rcgiomoncanus  wai  very  unwilling  to  iiuei-  nomial  to  any  power,  or  ex  tract  ing.uiy  root  out  ol'  suck 

tupt  the  studies,  and  printing  of  bouki,  he  vu  engaged  power,    lee  a  method  by  M.  Demuivre,  in  tbc  Philoi. 

in  at  Noreniberg;  but  receiving  great  promiKS  from  the  Tran*.  No.  S30.     Sec  also  Polymoii lai,. 

pope,  wbo  also  tor  the  present  named  him  bishop  of  Ra-  MULTIPLE,  Multiplex,  a  number  which  compre- 

tisbon,  he  at  length  consented  to  go.  He  arrived  at  Rome  henda  tome  other  number  wveral  time*.  Thut,  6  ii  a  mul- 

in  1475,  but  died  there  the  year  after,  at  only  40  years  ttple  of  S,  this  being  coniaioed  in  6  just  3  limci.     Also 

of  age ;  not  without  a  suspicion  of  having  beeu  poisoned  IS  it  a  common  multiple  of  6,  4,  and  3 ;  comprehending 

,  by  the  sons  of  George  Trabeznnde,  in  revenge  for  the  the  fint  twice,  second  thrice, and  the  third  fuar  tiroes, 

death  uf  their  father,  which  was  4aid  to  have  been  caused  Multiple  Jto'so  or  lYoportioR,  is  that  which  is  between 

liy  the  grief  be  felt  on  account  of  the  criticisms  made  multiple  numbera  &c.     If  the  ten  term  of  a  ratio  be  oir 

by  Re^omontanas  on  his  translation  of  Ptolemy's  Alma-  aliquot  part  of  the  greater,   the  ratio  of  Ihe  greater  to  th« 

gest.  less  is  called  multiple;  and  that  of  the  lest  to  the  greater 

Purbach  first  of  any  reduced  the  trigonometrical  tablet  submultiple,— A  submuitiple  number,  it  that  which  ta 

«f  sines,  from  the  old  sexagesimal  division  of  the  radius,  cootaiucd  in  the  multiple.    Thus,  the  numbers  S,  3,  and 

to  the  decimal  scale.     He  supposed  the  radius  to  be  di-  4  are  submultiples  of  12  and  34.— Dnple,  triple,   Accra- 

vided  into  600,000  equal  parts,  and  computed  the  tines  ttot ;  as  also  tubduplet,    sublHples,   &c,  are  so   many 

'of  the  arcs  to  every  ten  minutes,  in  such  equal  parts  of  -vpeciet  of  multiple  and  tubmultiple  ratios, 

the  radius,  by  the  decimal  notation.     This  project  of  Multiple  St^erpartuxiar  Proportwn,    it  when  one 

Purbach  wag  per^ted  by  Regiomontanus  ;  who  not  only  number  or  quantity  contains  another  more  than  once,  and 

extended  the  sines  to   every  minute,    the  radius  being  a  certain  aliquot  part;  at  10  to  3,  orSytol. 

60(SO00,  as  designed  by  Purbach,  but  afterwards,  dii-  Multiple  Si^KtTiaritnJiVojiorfion,  it  when  one  num- 

liking  that  scheme,  as  evid«itly  imperfect,  he  computed  ber  or  quantity  contains  another  several  times,  and  some 

(hem  likewise  to  the  radius  1 ,000,000,  for  every  ntinute  of  parts  besides  ;  as  39  to  6',  or  4^  to  1 . 

(be  quadrant.     Regiomontanus  also  introduced  the  tan-  MULTIPLICAND,  is  one  of  the  two  factors  in  the 

Sm  into  trigonometry,  the  ctuioQ  of  which  he  called  nile  of  multiplication,  being  that  number  ^ven  to  be 
cundus,  becanse  of  the  many  great  advantages  arising  multiplied  by  the  other,  called  the  multiplicator,  ormul- 
fram  them.  Besides  these  things,  he  enriched  trigono-  tiplier. 
'  netiy  «iih  many  theorems  and  precepts.  Indeed,  ex-  MULTIPLICATION,  is,  in  general,  the  taking  or  re- 
cepting  for  the  use  of  logaritbmt,  Ihe  trigonometry  of  Re-  peating  of  one  number  or  quantity,  called  the  multiplicand, 
giomontanus  is  but  little  inferior  to  what  ours  was,  before  "s  often  as  there  ere  unitii  in  another  number,  called  the 
the  improvements  made  in  it  by  Euler.  His  Treatise,  on  multiplier ;  and  the  number  or  quantity  resulting  from 
both  Plane  and  Spherical  TrigoiiometTy,  is  in  5  books  ;  the  multiplication,  is  called  theproduct  of  the  two  fore- 
it  was  written  about  the  year  1464,  and  printed  in  folio  going  numbers  or  factors. — Multiplication  is  a  oompen- 
at  Norembergin  1533.  In  the  Atb  book  are  various  pro-  dious  addition;  performing  at  once,  what  in  the  usual  way 
blemi  concerning  rectilinear  triangles,  some  of  which  are  of  addition  would  require  many  operations;  for  the  mul- 
resolved  by  meant  of  algebra  :  a  proof  that  this  science  tiplicand  it  only  added  to  itself,  or  repeated,  as  often  ai 
was  Dot  wholly  unknown  in  Europe  before  the  treatise  of  '*  expressed  by  the  units  in  the  multiplier.  Thus,  if  6 
Lucas  Dc  Burgo.  were  to  be  multiplied  by  5,  the  product  is  30,  which  is 

Regiomontanus  was  author  of  some  other  works  be-  'be  sum  aHsing  from  the  addition  of  the  number  6  five 
sides  those  already  mentioned.  Peter  Ramus,  in  the  ac-  timet  to  iUelf. — Id  every  multiplication,  1  is  in  propor- 
count  he  gives  of  the  admirable  works  attempted  and  per-  tion  to  the  multiplier,  as  the  multiplicand  is  to  the  pro- 
formed  by  R^omoatanus,  tells  us,  that  in  his  workshop  duct. 

at  Moreroberg  there  was  an  automaton  in  perpetual  mo-  Multiplication  it  of  various  kinds,  in  whole  numbers,  in 

tton :  that  he  made  an  artificial  Hy  which,  taking  its  flight  fractions,  decimals,  algebra,  &c. 

from  his  hand,  would  Ay  round  the  room,  and  at  last,  at  !■  Multiplicatiok  qf  Whole  Nwnhtn,   ii  performed 

if  weary,  would  return  to  hit  master  again:    that  he  fa-  by  the  following  rules :  When  the  multiplier  consists  of 

bricated  an  eagle,  which,  on  the  emperor's  approach  to  only  one  figure,  set  it  under  the  fiist,  or  right-hand  figure, 

the  city,  he  sent  out,  high  in  the  air,  a  great  way  to  meet  '>^  ^^'  multiplicand  ;  then,  drawing  a  line  under  it,  begin 

him,  and  that  it  kept  him  company  to  the  gates  of  the  ^'  ^^^  '^  ^'^^  ^S^re,  and  multiply  every  figure  of  the- 
eity.     Let  us  no  more  wonder,  adds  Ramus,  at  the  dove-  multiplicand  by  the  multiplier ;  setting  down  the  teveral 

of  Archytat,  tiace   NorAnberg  can  show  a  fly,  and  an  products  below  the  line,  proceeding  orderly  from  right  to 

etgle,  armed  with  geometrical  wings.     Nor  are  those  left.  Butif  any  of  these  products  amount  to  10,  or  several 

famous    artificers,    who  were  formerly  in   Greece  and  ^*^'h  cither  with  or  withouttome  overplus,  then  set  dowi^ 

Kg>-pt,  any  longer  oftucfa  account,  since  Noiembergcan  ""ly  the  overplus,  or  set  down  0  if  there  be  none  ;  and 

boast  of  her  R^okio  man  uses.     For  Wemerut  fint,  and  carry,  to  the  next  product,  as  many  units  at  the  fonoei 

then  the   Schoneri,  father  and  ton,  aftenvardt,  revived  contained  of  tens.     Thut,  to  multiply  35092  by  4. 

the  spirit  of  Regiomontanus.  Multiplicand         35098                      < 

MULTANGULARFiooRi,  itoiw  thathaamanyan-  Multiplier                 ■  * 

glet,  and  consequently  many  tides  also.   These  are  other-  Product           140S68 

****  5?l'^i^'*Tl^'f  ^^^'^  "■*  multiplier  cortisU  of  teveral  figures,  muIUply 

MULTILATERAL  Ftaumxs,  ate  such  as  have  many  the  multiplicand  by  each  figure  of  it,  as  before,.aDd  place 

tidn,  or  more  than  four  tide*.                    ,  the  several  lines  of  products  below  each  other  in  tuch  or- 

MULTINOHIAL,QrMuLTi»oHiAL  Aoof^  aresuch  der,  that  the  fiist  figure  of  each  line  may  foil  straight  ub- 
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itt  it!  respectire  niDl(ipli«r,  or  mnltipljring  fignre ;  then    rule.    Cut  all  the  I  I's  out  of  the  tumi  orth«  iipti,  botk 
add  tlt«»  Mveral  hnei  o(  producti  together,  as  they  itand,    in  the  even  and  odd  placet  of  the  multiplicand,  and  >tib> 


S78102 
189051 

igfioa* 

14879013 


tract  the  former  remainder  from  the  latter,  or  from  thtt 
latter  plus  11, and  reserve  the  difference;  do  exactly  tha 
same  with  the  multiplier  and  product.  Multiply  the  two 
first  differences  together,  and  cast  alt  the  11 's  out  of  there- 
suit,  so  shall  this  last  remainder  he  the  tame  at  that  be- 
fore  found  in  the  product,  if  the  work  be  right.  That  in 
the  above  example ; 

Mnltiptie.       MBlli)>lia 


and  the  sum  of  them  all  will  be  the  product  of  the  whole 
multiplication.     Thus,  to  multiply  63017  by  236 : 

Multiplicand  -  -  63017 

Multiplier  -  -  _.J3* 

Product  of  63017  by€  ' 

Product  of  63017  by  30 

Product  of  63017"hy  200 

Whole  product 
The  several  lines  of  products  may  ht  set  down  in  any 
order,  or  any  of  them  fint,  and  any  other  of  them  second, 
hci  for  the  order  of  placing  them  can  make  no  difference 
in  the  sum  total.     There  are  many  abbreviations,  and  pe- 
culiar cases,  according  lo  circumstances,  which  may  be 
•een  inmost  books  of  arithmetic.     The  mark  or  character     And  the  ftrodirct  S 
now  used  for  multi plication,  is  either  the    a   cross,  or  a     which  being  the 
■ingle  point  .  ;  the  former  being  introduced  by  Oughtred, 
and  the  latter  1  think  by  Leibnil: 

To  PfOOt  MULTIFLICATIOH. 

rious  ways;  either  by  dividing  the  product  by  the  multi- 
plier, then  the  quotient  will  be  equal  to  the  multiplicand; 

or  divide  the  same  product  by  the  multiplicand,  and  the  .     . 

quotient  will  come  out  equal  to  the  multiplier :  or  in  ge-  them.     But  if  any  of  tbtte  products  amount  to  as  mtick 

neral  divide  the  product  by  nther  of  the  two  fectors,  and  «"  1  or  "tore  of  the  next  higher  denominations,  carry  to 

th«  quotient  will  be  equal  to  the  other  factor,  when  the  many  to  tbenextprodQCt,and  setdownonly  theoverplut. 

operations  are  all  right.     But  the  mote  usual,  and  com-  If  Ae  multiplier  exceeds  12,  then  resolve  it  into  m 

pendious  way  of  proving  mulli plication,  is  by  what  is  f*cton,  if  it  be  a  compound  number;  and  mnltiply  SBO- 

called  thecro»,bycaating  out  thenines;whichis performed  '  cessively  by  those  facton  j  but  if  the  given  multiplier  be 

thus:    Add  the  figures  of  the  multiplicand  all  ti^ther,  '">*  a  compound  number,  then  resolve  the  next  greater  or 


Sum  of  odd  7 

digits       i  " 

Sum  of  even?  a      "      is  ^  * 

digits       S      _*         J  " 

Difierencei  9  5  1  * 

5  -T'  11,  leaving  the  remainder  I, 
as  the  remunder  of  the  product, 
indicBtei  that  the  work  is  right. 

_,  3.  7b  MuUipfy  Monej/,  or  Mjf  oihtr  thing,  coMUta^  </ 

lTioh.    This  may  be  done  va-    Hferau  Dnommatumt  togaher,  by  «y  number,  utuify 
idina  th*  nmd.ir.  l,«  tW  m.iliU  '  colUd  CoB^Matd  HbtltipUaUion.  -Begin  at  the  lowest  de- 
nomination, and  multiply  the  number  of  each  name  sota- 
rately  by  the  multiplier,  setting  down  the  products  below 
them.     "      " 


less  compound  number  into  itt  factors,  and  multiply  with 
those  factors  as  above ;  and  from  the  result  deduct,  or  add, 
so  many  times  the  multiplicand;  as  this  last  compounded 
number  is  greater  or  less  than  the  given  multiplier.  Also 
if  there  are  fractional  parts  in  the  gjven  multiplier,  tak« 
such  parts  <rf  the  multiplicandas  these  are  of  a  unit,  which 
added  tothe  product  will  give  the  antwer  sought;  at  will 
appear  in  the  following  examples. 
Eli. Mnlddi  tLtit.*U  Mnh^ ll  MU.vd.  ij igt 

bj  9_     3»4-«>i7-H-H *^ 
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s  otten  as  the  sum  aiaounts  to  9,  reject  it,  and  set 
down  the  last  overplus  as  in  the  margin; 
this  in  the  foregoing  example  is  B.    Then  7 

do  the  same  by  the  multiplier,   setting 
down  the  last  overplus,  which  is  3,  on  the         8  S 

right  of  the  former  remainder  8.     Next 
maltiply  these  two  rtmaimlert,  2  and  8,  7 

together,  and  from  their  product  l6,  cast 
out  the  9,  and  there  remains  7>  which  set  down  over  the 
two  former.     Lastly,  add  up,  in  the  tome  manner,  all  the 
figures  of  the  whole  product  of  the  multiplication,  vii 
14872012,  costing  out  the  9*3,  and  then  there  remains  7, 

to  be  set  down  under  the  two  fint  remainders.     Thus  when     Ex.  t.  Mul^l;    is«.  TSA  bj  94 
the  figure  at  top,  is  the  same  as  that  at  bottom,  as  they  34  —  6  "4        * 

are  here  both  7's,  the  work  it  may  be  presumed  it  right ;  '^  "*  a 

but  if  theie  two  figures  should  not  be  the  same,  it  is  cer-    '  -    — ■■■ — 

taioly  wrong. 

The  above  method  of  proving  multiplication  depends         g.  To  Mtdti^^  Ftt^forlVtuniW.-— Multiply  all  the  gii-en 
on  a  particular  property  of  the  number  9  :  which  ii  this,     numeratorstogetberforthenumcrator,andall  thedenomi- 
If  the  sum  of  the  digits  of  any  nnmber  be  divisible  by  9,     uators  together  for  the  denominator  of  tbp  product  sought, 
thcnumberitself  is  alsodivisible  by  9;   and  consequently        ThuSr  f  multiplied  by  |,  or  |  x  ^=-/f. 
the  sum  of  the  digits  of  any  number  being  divided  by  9,         And   4  x  |  k  ^  =  .^^. 

leaves  the  same  remainder  as  the  number  itself  when  di-  And  here  it  may  he  noted  that,  when  there  are  any 
vided  by  p.  Another  method  is  derived  from  a  peculiar  common  numbers  in  the  numerators  and  denominators, 
properly  of  the  number  11,  which  is  this.  When  a  nnin-  these  may  be  omitted  in  botb,  which  will  make  the  opera- 
ber  is  divisible  by  11,  the  sum  of  the  1st,  5d,  &c,  digits,  tion  shorter,  and  bring  out  the  whole  product  in  a  fraction 
is  equal  to  tho  sum  of  the  3d,  4th,  &c,  digits,  or  the  one  much  Nmpler  or  in  lower  terms.  Thus, 
exceeds  the  other  by  «,me  exact  multiple  of  11.  Con-  .  ^  ,  ^  .  becorae^-^*  =  ^  or  — ,  by  leaving  out  the 
seqiiently  any  number  whatever  when  divided  by  1 1 ,  will     i       *       e".  4  x  s       94        la  '    '  ^" 

leave  the  tame  remainderasthc  diflineoceoftbe  twosums.    two  3's. 

when  divided  by  that  number ;  observing  always  to  stth-  Also,  when  any  numerators  and  denominators  will  both 
tract  the  latter  sum  from  the  former,  or  from  the  former  ,abhreviateordivide  by  oneand  thesamenumber,  letthem' 
plassomemultipleof  11,  whcnthesumof  tbedigits  inthe  be  divided,  and  the  quotients  used  instead  of  them.  So, 
Jd,  ith,  &c,  places  is  the  greatest.     Wliencc  the  following     in  (he  above  example,  after  omiuing  the  two  3's,  let  the  2 
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end  6  be  both  divided  by  3,  and  use  ihe  quotients  1  and  3 
iiMlead  of  them,  bo  sball  the  «xpreulon  bucome 

=  — ,  as  before. 

4.  To  MuU^fy  DeciitmlM. — Multiply  the  given  numbera 
together  the  «nne  as  if  they  were  whule 
nunibrrs,  and  point  off  as  many  deciniali  ^i-hr 

in  the  whole  product  as  there  a.re  in  both 
factors ;  as  in  the  aunexcd  oxainplo,  where 
the  pvibcr  of  decimals  is  five,  because 
there  are  three  in  the  multiplicand,  unH 
two  in  the  multiplier.— When  it  happens 
tbat  there  are  not  so  many  figum  in  the 
product  as  are  equal  to  the  number  of  de* 
cimtls  in  boili  facton,  then  prefix  as  many  ciphers  at 
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will  B 

5.  Civu  MtTLTiFLiCATiOK,  Otherwise  called  Dttodeci- 
utal  Arilhmtiic,  is  the  multiplying  of  iHimbcrs  together 
whose  subdivisions  proceed  by  12's  j  as  feet,  inclies,  and 
parts,  tbat  is  12th-parts,  &c ;  a  rule  of  frequent  use  in 
squaring,  or  multiplying  together  the  dimensions  of  the 
works  of  bricklayers,  carpenters,  and  o^hec 
artificers.     For  Examplt.    To  multiply  5  feet         i'-  S^ 
S  inches  by  2  feet  4  inchra.     Set  ihem  down  3      4 
win  the  margin,  and  multiply  all  the  parts  of       jo     fi 
the  multiplicand  by  each  part  of  the  multi-         j     p 
plier ;  thus,  2  times  3  roalie  6  inches,  and  2     —- — r 
time*  5  make  10  feet ;  then  4  times  3  make 

13  parts,  or  1  inch  to  carry ;  and  4  times  5  make  30,  and 
1  to  carry  makes  21  incbeSfOr  I  f.  9  inc.  to  set  down  below 
the  former  line :  Lastly  adding  the  two  lines  together,  the 
whole  sum  or  product  amounts  to  IS  f.3.  inch.^SecDuo- 

DECIMALS. 

6.  MtTLTiPLiCATiON  i»  Algebra.  This  is  performed, 
1.  When  the  quantities  are  simple,  by  only  joining  the 
letters  together  like  a  word  ;  and  if  the  simple  quantities 
btive  any  coefficients  or  numbers  joined  with  them,  mul- 
tiply the  numbers  togethcr,and  prefix  the  product  of  them 
to  the  letters  so  joined  together.  But,  in  algebra,  we  have 
not  only  to  attend  to  the  quantities  themselves,  but  also 
to  the  signs  of  them  ;  and  the  general  rule  for  4he  signs  is 
this  :  When  the  signs  are  alike,  ur  the  same,  cither  both 
-t-  or  both  — ,  then  the  sign  of  the  product  will  always  be 
•*■  ;  but  when  the  signs  are  different,  or  unlike,  the  one 
-f  ,  and  the  other  — ,  then  the  sign  of  the  product  will  be 
— .    Hence  tbeee 

Examples. 

Muk.         *  a       —  2a       +  6x  —  Ss  —  Sab 

By  -t-b       —46     -  —  3a  -t-  5a  —  Sac 

Product*    •«-  a6     -i-  8a6     —  18ai  —  40nj-  m-  15a'6c 

3.  In  compound  quantities,  multiply  every  term  orpart 
of  the  multiplicand  by  each  term  separately  of  the  multi- 
plier, and  set  down  all  the  products  with  their  signs,  col- 
lecting always  into  one  sum  as  many  terras  as  are  similar 
or  like  to  one  another.  And  it  is  usual  in  algebra,  to  be- 
gin to  multiply  on  the  left  hand,  and  thence  proceed  to- 
wards the  right ;  being  directly  contrary  to  the  method  in 
mtiltipli cation  of  numbers. 

EXAHPLBS. 

'    a    ■*■  b  a    ~~  b  a.  +  b 

a    -»-*  °    ~b      .  a    ~b 

a*  A-  ab  a*  ~  ab  a^  +  ab 

•i-  ab  •*■  b*         —  ab    ■*■  b'^         _  ^i  _  i> 

«*   ■*  Sab  -F  4*  a*—2ab-t-  A*  7^       '     ^^13 


3.  In  surd  quantities,  if  the  terms  can  be  reduced  to  a 
common  surd,  the  quantities  under  each  may  be  multi- 
plied together,  and  the  mark  of  the  same  surd  prefixed  to 
the  product ;  but  if  not,  then  the  different  surds  may  be 
set  down  with  the  mark  of  multiplication  between  them, 
to  denote  their  product. 

EXAMFLEB. 

7^ax  ^7    ^7ab       ^iia  €a,/Scx 

sl/cx  l/S     l/^ae       1/  3a 9.hl/iax 

aSy/'acr*      ^35  /X28a*6c     v'3bo*=6a  I'lub^^aex* 

4.  Powers  or  roots  of  the  same  quantity  are  multiplied 
together,  by  adding  their  exponents.    . 

Thus,o'x  o'  =  aS;and{a  +  sy  y  (a -*-x)'  =  (o+if: 
also  X*  X  Ti  :=  s^ ;  and  a>  k  at  :=  a'     or  a.  ' 

To  MtiU^y  NwKben  together  by  Logarithmt. — ^This  is 
performed  by  adding  together  the  logarithms  of  the  given 
numbers,  «nd  taking  the  number  answering  to  that  sum, 
which  will  be  the  product  sought. 

Descartes,  at  the  beginning  of  his  Geometry,  performs 
multiplication  (and  indeed  all  the  other  common  arithme- 
tical rules)  in  geometry,  or  by  lines ;  but  this  is  no  more 
than  takiiig  a  4th  proportional  to  three  given  lines,  of 
which  the  first  represents  unity,  and  the  2d  and  3d  the  two 
factors  or  terms  to  be  multiplied,  the  product  being  ex- 
pressed by  the  4tb  proportional ;  because,  in  every  multi- 
plication, unity  or  1  is  to  either  of  the  two  factors,  as  the 
other  fai:toris  to  the  product. 

MULTIPLIER,  or  Multiplicator,  is  the  number  or 
quantity  which  multipliesanot her,  called  the  multiplicand, 
in  any  operation  of  multiplication. 

MUNSTER  (Sebastiak),  an  eminent  German  divine 
and  mathematician,  was  -born  at  Ingelheim  in  1489.  At 
the  age  of  14  he  was  sent  to  Heidelberg  to  study.  Two 
years  after,  hecntered  the  conventof  the  Cordeliers;  where 
be  assiduously  studied  divinity,  mathematics,  and  geogr»- 
phy.  He  was  the  first  who  published  a  Chaldee  Grammar 
and  Lexicon;  and  he  shortly  after  produced  a  Talmudic 
Dictionary.  He  afterwards  became  professor  of  the  He- 
brew language  at  Uasil.  He  was  one  ot  the  first  who  ai> 
tached  himself  to  Luther,  and  embraced  Protestantism: 
yet  behaved  himself  with  greet  moderaiiun;  never  con- 
cerning himself  with  their  disputes  ;  but  shut  himself  up 
at  home  and  pursued  his  favourite  studies,  which  were 
mathematics,  natural  philosophy,  with  the  Hebrew  and 
other  Oriental  languagi-s.  He  published  a  groat  number 
of  hooks  on  these  subjects;  particularly,  a  Latin  version, 
from  the  Hebrew,  of  all  the  books  of  tlic  Old  Testament, 
with  learned  notes,  printed  at  Basil  in  1534  and  1546; 
Josephus's  History  of  the  Jews  in  Latin  ;  a  Treatise  of 
Dialling,  in  folio,  1536;  Universal  Cosmography,  in  6 
books  folio,  Basil  1550.  For  these  works  he  was  styled 
the  German  Strabo  ;  as  be  was  the  German  Esdras,  for  his 
Oriental  writings. 

Munster  was  a  meek,  pacific,  studious,  rLtired  man, 
who  wrote  a  great  number>i)f  books,  hut  never  meddled  ir^ 
controversy. — He  died  of  the  plague  at  Basil,  in  1552,  at 
63  years  of  age. 

MURAL-.ifrcA, or  lutrumcnt,  or  Q]iadrant,isone  l^ii 
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it  fixed  itgdiMt  K  will  or  pillar,  luch  u  U  employed  in  itrumcnts  among  tbo  ancieaU  mre  veiy  obscure,  lo  «lio  are 

fixed  oliservB tones.  the  accouatt  of  those  iDilrumeiita  tbemtelvei ;  of  most  of 

MURDERERS,  a  small  speciet  of  orduuice  once  used  them  indeed  we  know  little  more  than  the  bare  names. 

onsbipboardi  but  now  out  of  use.  The  general  division  of  instruments  is,  into  itringed  in- 

MUSiC,  the  science  of  sound,  considered  as  capable  of  strumeots,  wind  instruments,  and  those  of  the  pu|satile 

producing  melody,  or  harmony.     Among  the  ancients,  kind.     Of  stringed  instruments,  mention  ii  made  of  the 

'music  was  takfn  in  a  much  more  extensive  sense  than  lyraorcithara,  tbepialtcrium,  trigoaunij  iambuca,peeta3, 

among  the  modernt;  what  we  call  the  science  of  music,  raagm,  barbiton,  testudo,  epigonium,simmicium,  and  pan.- 

was  by  the  ancients  rather  called  Harmonica.  deron;  which  vers  all  struck  with  the  hand,  or  a  plec- 

Music  is  one  of  the  seven  sciences  called,  liberal,  and  trgm.     Of  wind  instruments,  were  the  tibia,  fistula,  hy- 

coraprehended  also  among  the  mathematical  sciences,  as.  Jraulic  organs,  tubje,  cornua,  and  tituus.     And  the  puK 

having  for  its  object  discrete  quantity  or  number;  not  satiJe  instruments  were  the  tympanum,  cymb^um,  crep- 

however  considering  it  in. the  abstract,  like  arithmetic;  taculumj  tintjnaabulum,  crotolum, and  sistrum> 

but  in  relation  to  time  and  sound,  with  intent  to  consti-  Music  has  ever  been  in  the  highest  esteem  in  all  ^es, 

tute  a  delightful  melody.                        _                              '  and  amoag  all  people ;  nor  could  authon  express  their 

This  sdeace  is  alto  Theoretical  and 'Practical.     Theo-  opinion  of  it  strongly  enough,  but  by  inculcating  that  it 

retical,  which  examines  the  nature  and  properties  of  con-  was  used  in  heaven,  and  as  one  of  the  principal  eptertain- 

corda  and  discords,  explaining  the  proportions  between  ments  of  the  gods,  and  the  souls  of  the  blessed.     The 

them  by  numbers.     And  J'rac6cal,  which  teacheS'  not  effects  ascribed  to  it  by  the  ancients  are  almost  miracu- 

only  composition,  or  the  manner  of  composing  tunes,  or  lous:  by  itf  means,  it  has  been  said,  diseases  have  been 

airs;  but  also  the  art  of  sluing  with  the.voice,  and  play-  cured,  uncbastity.  corrected,  seditions  quelled,  passions 

iug  on  musical  instruments.  raised  and  calmed,  and  even  madness  occasioned.     Athe- 

It  appears  that  music  was  one  of  the  mosLancient  of  .the  neus  assun»  us,  that  anciently  all  laws,  divine  and  civil, 

oris;  and,  of  all  others,  vocal  music  must  doubtless  have  exhortations  to  virtue,  the  knowledge  of  divine  and  human 

beeu  the  first  kind.     For  man  had  not  only  the  various  things,  with  the  lives  and  actions  of  Illustrious  men,  were 

tones  of  his  own  voice  to  make  his  observations  on,  before  written  in  versie,  and  publicly  sung  bjy  a  chorjjs  to  the 

any  other  art  or  instrument  was  invented,  but  had  the  sound  of  instruipents;  which  was  found  the  tnoft  e^ctual 

various  natural  strains  of  birds  to  give  him  occasipn  to  means  to  impress  morality  on  the  minds  of  men,  fnd  a 

improve  his  own  voice,  and  the  modulations  of  sounds  it  right  sense  of  their  duty. 

was  capable  of.    The  first  invention  of  wind  insirumeols  Dr.  Watlis  has  endeavour^  to  ^count  ibr  the  sur- 

Lucrctius  ascribes  to  the  observation  of  the  winds  whis-  prising  effects  attributed.to  theancient^usic;^^ ascribes 

tting  in  the  hollow  reeds.     As  for  other  kinds  of  instru-  them  chiefly  to  the  novelty  of  the  a|rt,and  the  hyperboles 

mcnts,  there  were  so  many  occasions  for  cords  or  strings,  of  the  ancient  writings :  nor  does  he  doubt,  but  the  mo- 

Uiat  men  could  not  be  long  in  observing  their  various  dern  music,  in  like  cases,  would  produce  effects  at  ^eost  as 

sounds;  which  might  give  rise  to  stringed  instruments,  considerable  as  the  ancient.     The  truth  is,  wc  can  match 

And  for  the  pulsative  instruments,  as  drums  and  cymbals,  most  of  the  ancient  stories  of  this  kind  in  the  modem  his- 

they  rai^t  arise  from  the  observatinn  of  the  naturally  hoi-  lories.     If  Timotheus  could  excite  Alexander's  fury  with  ' 

low  noise  of  concave  bodies.  the  Phrygian  mode,  and  soothe  him  into  indolence  with 

As  to  the  inventors  and  improvers  of  mosici  Plutarch,  the  Lydian  ;  a  more  modern  musician  has  driven  Eric, 

in  one  place,  ascribes  thfe  first  invention  of  it  to  Apollo  ;  king  of  Denmark,  into  such  a  rage,  as  to  kill  his  best  ser- 

and  in  another  place  to  Amphion,  the  son  of  Jupiter  and  vants,     Dr.^Niewentyt  speaks  of  an  Italian  who,  by  vaiy- 

Antiope.     The  latter  indeed,  it  is  generally  allowed,  first  ing  his  music  from  brisk  to  solemn,  and  the  contrary, 

brought  music  into  Greece,  and  invented  the  lyre.    To  him  could  so  move  the  soul,  as  to  cause  distraction  and  mad- 

snccceded Chiron,  thedemigod;  then  Demodocus;  Hermes  ness;  and  Dr.  South  has  founded  his  poem,  called  Ma- 

Trism^stus ;  Olympus ;  and  Orpheus,  whom  some  make  sica  Incantans,  on  an  instance  he  knew  of  the  same  kind, 

the  first  introducer  of  music  into  Greece,  and  the  inventor  .  Music  however  is  found  not  only  to  exert  its  force  on 

'of  the  lyre :  to  whom  they  add  Phemius.  Thales,  snd  the  affections,  but  on  the  parts  of  the  body  also  ;  witness 

Tharogris,  who,  it  has  been  siud,  was  the  fir^t  inventor  of  the  Gascon  knight,  mentioned  by  Mr.  Boyle,  who  could 

iflstrumenial  music  without  singing.  not  contain  his  water  at  the  playing  of  a  bagpipe;  and 

Thae  were  tlte  eminent  musicians  before  Homer's  time:  the  woman,  mentioned  by  the  same  author,  who  would 

others  of  a  later  date  were,  Terpander,  who  was  contem-  bunt  into  tears  at  the  bearing  of  a  certain  tune,  with 

porary  with  Lycurgus,  and  set  his  laws  to  music;  to  which  other  people  were  but  a  little  afTected.     To  say 

whom  also  some  attribute  the  first  institution  of  musical  nothing  of  the  triie  stoiy  of  the  Tarantula,  we  have  an  in< 

modes,  and  the  invention  of  the  lyre:  also,  Losus  Her-  stance,  in  the  History  of  the  Academy  of  Sciences,  of  a 

mionensis,  Melanippides,  Philoxenus,  Timotheus,  Phiyn-  musician  being  cured  of  a  violent  fever,  by  a  little  concert  ■■, 

nis,  Epigonius,  Lysander,  Simmicup,  and  Diodorus  ;  who  occasionally  played  in  his  room. 

were  all  of  them  considerable  improvers  of  music.     Lasus,  Noraro  our  minds  and  bodies  alone  affected  with  sounds, 

it  is  said,  was  the  first  author  who  wrote  upon  music,  in  but  even  inanimate  bodies  ore  so.     Kircher  speaks  of  a 

the  time  of  Darius  Hystaspis;  Epigonius  invented  an  in-  largo  stone,  that  would  tremble  at  the  sound  of  one  par- 

^ntumcnt  of  40  strings,  called  the  Epi^nium.     Simmicijs  licillar  organ  pipe;  and  MorhofT  mentions  one  Petler,  a 

also  invented  on  instrument  of  35  strings,  called  a  Simmi-  Dutchman,  who  could  break  rummer-glasses  with  the  tone 

cinm ;  Diodorns  improved  the  tibia,  by  adding  new  holes ;  of  his  voice.     Menenne  also  mentions  a  particular  part 

and  Timotheus  the  lyre,  by  adtting  a  new  string;  for  of  a  pa.vement,  that  would  shake  and  tremble,  as  if  the 

which  be  wiu  fined  by  the  Lacedemonians.  earth  would  open,  when  the  organs  played.     Mr.  Boyle 

As  the  accounts  we  have  of  the  inventors  of  musical  in-  adds,  that  soots  will  tremble  at  the  sound  of  organs ;  that 
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he  hat'fett  his  hat  do  to  uijikr  hh  band,  at  cerUiD  luttea 
both' of  organs  aud  discourse;  and. that  he  was  well  in- 
Ibimed  erery  well-built  vault  would  thus  ansner  lo  Rome 
detenninate  note. 

It  has  beeu  disputed  among  the  leanK^),  whether  the 
aocients  or  modems  best  undentood  and  practised  music. 
Some  m^ntain  that  the  aDcient  art  of  music,  by  whicU 
Inch  wondArful  effects  were  performed,  is  quite  lost;  and 

'  others,  ihat  the  true  science  of  harmony  is  now  arrived  at 
much  greater  perfection  than  was  known  or  practised 
among  the  ancients.  This  point  seems  no  other  way  to 
be  determinable  but  by  comparing  the  principles  and  prac- 
tice of  the  one  with  those  of  the  other.  As  to  the  theory 
or  principles  of  harmonics,  it  is  certun  we  understand  it 
better  than  the  ancients;  because  we  know  all  that  they 
knew,  and  have  improved  considerably  on  their  founda- 
tions. The- great  dispute  then  lies  on  the  practice  j'with 
regard  to  which  it  may  be  observed,  that  among  the  an- 
cients, music,  in  the  most  limited  sense  of  the  word,  in- 
cluded harmony,  rythmus,  and  verse ;  and  consisted  of 
verses  sung  by  one  or  more  voices  alternately,  or  in  choirsi 
■ometimes  with  the  sound  of  instruments,  and  sometimes 
by  voices  only.  Their  muMcal  faculties,  we  have  just  ob- 
served, were  melopceia,  rythmopceia,  and  poesis;  the  6nt 
of  which  may  be  considered  under  two  beads,  melody  and 
symphony.  At  to  the  latter,  it  seems  to  contain  nothing 
but  what  relates  to  the  conduct  of  a  single  voice,  or  ma- 
king what  wo  call  melody..  It  does  not  appear  that  the  an- 
cienta  ever  thought  of  the  concert,  or  harmony  of  parts; 
which  it  a  modem  invention,  for  which  we  arc  beholden 
to  Guido  Aretine,  a. Benedictine,  friar. 

Not  that  the  ancients'never  joined  more  voices  or  in- 
struments than  one  in  the  same  symphony ;  but  that  they 
never  joined  several  voices  to  as  that  each  bad  a  distinct 
and  proper  melody,  which  made  among  them  a  succession 
of  various  concords,  and  were  not  in  every  note  unisons, 
or  at  the  same  dislHnce  from  each  other  as  octaves.  This 
last  indeed  agrees  to  the  general  definition  of  the  word 
symphonia;  yet  it  is  plain  that  in  such  cases  there  is  but 
one  song,  and  all  the  voices  perform  the  same  individual 
melody.  But  when  the  parts  differ,  not  by  the  tension  of  the 
whole,  but  by  the  different  relations  of  the  successive 

'  notes,  this  is  the  modern  art,  which  requires  so  peculiar  a 
genius  and  on  which  account  the  modern  muiic  seems  to 
have  much  the  advantage  of  the  ancient.  For  further  sa- 
tisfactioti  on  this  head,  see  Kircher,  Perrault,  Wallis,  Mal- 
colm, Cerceau,  and  others ;  who  unanimously  agree,  that 
after  all  the  pains  they  have  taken  to  know  the  true  state 
of  the  music  of  the  ancients,  they  could  not  find  the  least 
reason  to  think  there  was  any  such  thing  in  their  days  as 
music  in  parts. 

The  ancient  musical  notes  are  very  mysterious  and  pei^ 
plcxed :  Boethius  and  Gregory  the  Great  first  put  them 
into  a  more  easy  and  obvious  method.  In  the  year  1204, 
Guido  Aretine, a  Benedictine  of  Arezzo  in  Tuscany,  first 
introduced  the  use  of  a  staff  with, five  lines,  on  which, 
with  the  spaces,  he  marked  his  notes  by  setting  a  point  up 
and  down  upon  them,  to  denote  the  rise  and  fali  of  the 
voice  ;  though  Kircher  says  this  artifice  was  in  use  before 
Gnido's  time. 

Another  contrivance  of  Guido's  was  to  apply  the  six 
syllables,  ul,  re,  mi^fa,  tol,  la,  which  he  took  out  of  the 
Latin  hymn, 

'     UT  queant  taxis  REsonare  fibris 

MIra  gestorum  FAmuli  luorum. 


SOLve  polluti  LAbii  reatum, 

O  Pater  Alme, 

We  find  another  application  of  them  in  the  followinf;  lines. 

UT  RElevet  Mlserum  FAtum,  SOUtosque  LAborea 
Aevi,  sit  dotcis  musica  nosteramor. 

Besides  his  notes  of  music,  by  which,  according  to  Kir- 
cher, he  distinguished  the  tones,  or  modes,  and  the  seal» 
of  the  semitones,  be  also  invented  the  scale,  and  several 
musical  instruments,  called  poly  plectra,  as  spinets  and 
harpsichords. 

Tlie  next  considerable  improvement  was  in  1330,  wiier» 
Joannes  Muria,  or  de  Muris,  doctor  at  Paris  (or  as  Bay)e 
and  Gesnilr  make  him,  an  Englishman),  invented  the  dif- 
ferent figures  of  notes,  which  express  the  times  or  Icagib 
of  every  note,  at  least  their  true  relative  proportions 
to  one  another,  now  called  loqgs,  brevet,  temi-breves, 
crotchets,  quavers,  &c. 

The  moit  ancient  writer  on  music  was  Lasus  Herniic- 
nensis;  but  his  works,  as  well  as  those  of  many  others, 
both  Greek  and  Roman,  are  lost.  Aristoxenus,  disciple 
' of  Aristotle,  is  the  earliest  author  extant  on  the  subject: 
after  whom  came  Euclid,  author  of  the  Elements  of  Geo-* 
metry ;  and  Aristides  Quintilianus  wrote  after  Cicero's  - 
time.  Alypius  stands  next;  after  him  Gaudentius  the 
philosopher,  and  Nicomachus  the  Pythagorean,  and  Bac^ 
chius.  Of  which  seven  Greek  authors  we  have  s  fair 
copy,  with  a  translation  and  notes,  by  Meibomius,  Pio~ 
lemy,  the  celebrated  astronomer,  wrote  in  Greek  on  the 
principles  of  harmonics,  about  the  time  of  the  emperor 
Antoninus  Pius.  This  author  keeps  a  medium  between 
the  Pythagoreans  and  Arisio.tenians.  He  was  succeeded 
at  a  considerable  distance  by  Manuel  Bryenaius. 
'  Of  the  Latins,  ^ve  have  Boetius,  who  wrote  in  the  timo 
of  Theodoric  the  Goth  ;  and- one  Cassiodarus,  about  tha 
same  time ;  Martianus,  and  St.  Augastine,  not  far  remole^ 
And  of  the  modems  arc  Zarlin,  Salinas,  Vincenzo  Galileo, 
Doni,  Kircher,  Mersenne,  Paran,  De  Caux,  Perr^ulr, 
Descartes,  Watlii,  Holder,  Malcolm,  Rousseau,  &C. 

-MusiCAi.  Numbat,  are  the  numbers  2,  3,  and  5,  t'oge-- 
ther  with  their  composites.  They  are  so  called,  bccausa 
all  the  intervals  of  music  may  be  expressed  by  such  num.. 
hers,  Tbisisnpw  generally  admitted  hy  musical  theorists. 
Mr.  EulerseeiBs  to  suppose,  thai  7*  or  other  primes  might  b« 
introduced  ;  but  be  speaks  of  this  as  a  doubtful  and  diffi- 
cult matter.  Here  2  corresponds  to  the  octave,  3  to  the 
^fth,  or  rather  to  the  13th,  and  5  to  the  third  major,  or 
rather  the  seventeenth.  From  these  three  may  all  other 
intervals.be  found. 

Musical  PropoTtion,  or  Harmonica!  ProporliMi,  it 
when,  of  four  terms-,  the  first  is  to  the  4lh,  as  the  differ- 
ence of  the  1st  and  3d  is  to  the  diSerence  of  the  3d  and 
4th  :  as  3,  3,  4,  and  8  are  in  musical  proportion,  because 
2  :  8  :  - 1  :  4.  And  hence,  if  there  be  only  three  terms, 
the  middle  term  supplying  the  place  of  both  the  3d  ami 
3d,  the  1st  is  to  ihe  3d,  as  the  difference  of  the  1st  and 
2d,  is  to  the  difference  of  the  2d  and  3d  ;  as  in  these  .2,  3, 
6;  where  3  :  6;  :  1  :  3.  See  Harmonicaii  Proporiion. 

MUSSCHENBROEK  CPktxr),  a  very  distinguished 
natural  "philosopher  aud  mathematician,  was  born  at 
Uti«cht  about  the  year  )'700.  .  He  was  Qrst  professor  of 
these  sciences  in  his  own  university,  and  was  afterwards  ' 
invited  to  the  chair  at  Leyden,  which  he  filji'd  with  repo 
tation  and  honour  till  his  death,  which  happened  in  176\. 
He  was, a  member  of  several  academies,  particularly  the 
Academy  of  Science*  at  Paris,     He  published  several 
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works  in  latin,  ftll  ofthem  displaying  his  great  penetration 
■nd  accuracy.    As, 

1.  HisElemenis  or?byitco<MatbematicR,in  1736. 

2.  Elements  of  Plysies,  in  1/36. 

3.  Instituliom  of  Physics;  containing  an  abridgment 
of  .tbf  new  discoveries  made  by  the  moderns ;  in  17+8. 

4.  Introduction  to  Natural  Philosophy ;  which  be  bc- 
;;an  to  print  in  I76O;  and  which  was  completed  and  pub- 
tithed  at  Leyden,  in  176S,  by  M.  LuIo&,  after  the  death 
of  the  author.  It  was  translated  into  French  by  M. 
Si  gaud' Del  afo  Eld,  and  published  at  Paris  in  1769,  in  3  voU. 
4to ;  under  the  title  of  A  Course  of  Experimental  and 
Mathematical  Physics. 
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He  had  also  sereral  papers,  chiefly  oa  jftetoorelt^, 
printed  in  the  volume*  of  Memoirs  of  tbo  Academy  oiF 
Sciences,  vis,  in  those  of  the  years  1734, 1735, 17S6, 17 S3, 
1756,  and  1760. 

MUTULE,  a  kind  of  square  modillion  in  the  Doric 
frize. 

MYOPS,  one^fao  is  near-sighted,  or  purblindj  iron 
whatever  cause  it  may  happen;  either  from  too  great  a 
convexity  of  the  cornea,  orfromtoo  great  length  of  the 
bulb,  &c,  causing  the  adunatios  of  the  rays  of  light  in 
a  focus  before  the  retina. 

MYRIAD,  tiie  number  of  10,000,  or  ten  thousand. 
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■^ABONASSAR,  first  king  of  the  Chaldeans  or  Baby- 
-^^  looians;  memorable  for  the  Jewish  era  which  bears 
bis  name,  which  began  on  Wednesday  February  36th  in 
the  3967th  year  of  the  Julian  period,  or  747  years  before 
Christ;  the  year*  of  this  epoch  being  Egyptian  ones,  of 
365  days  each.  This  is  a  remarkable  era  in  chronology, 
because  Ptolemy  assures  us  there  were  astronomical  ob> . 
scrvations  made  by  the  Chaldeans  from  Nabouaisar  to  his 
time;  also  Ptr)]en)y,  and  the  other  astronomars,  account 
their  years  from  that  epoch; 

Tbi!  Babylonians  having  revolted  from  the  Medes,  who 
bad  overthrown  the  Assyrian  monarciiy,  did,  under  Na< 
bonassar,  found  a  dominion,  which  was  much  increased 
Under  Nubuchadneziar.  It  is  probable  this  Nabonassar 
is  that  Baladan  in  the  Sd  Book  of  Kinp,  xx,  13,  father 
of  Merodach;  who  sent  ambassadors  to  Uezckiab.  See 
fiChrbn.xxii. 

NADIR,  that  point  of  the  heavens  diametrically  under 
our  feet,  or  opposite  to  the  Eenilb,  which  is  directly  over 
our  heads.  The  lenith  or  nadir  are  the  two  poles  of  the 
horizon,  each  being  90°  distant  from  it. 

Vie  Sut^M  Nadir,  is  the  axis  of  the  cone  projected 
by  the  shadow  of  the  earth  :  so  called,  because  that  a:Lii 
being  prolonged,  gives  a  point  in  the  ecliptic  diametrically 
opposite  to  the  sun, 

NAKED,  in  Architeaure,  as  the  Naked  of  a  Wall,  &c. 
is  the  surface,  or  plane,  from  whence  the  projectiircs 
arise ;  or  which  serves  as  a  ground  to  the  projecturcs. ' 

NAPIER  orNfiPiti  (Jomh),  baron  of  Merchiston  in^ 
Scotland,  the  inventor  of  logarithms,  was  ihe  eldest  son 
of  sir  Archibald  Napier  of  Merchiston,  and  born  in  the 
year  1550.  Having  giyen  early  indications  of  great  natural 
parts,  his  father  was  careful  to  have  them  cultivated  by.  a 
liberal  education.  After  going  through  the  ordinary 
course  of  studies  at  the  university  of  St.  Andrews,  he 
made  the  tour  of  France,  Italy,  and  Germany,  On  his 
return  to  his  native  country,  his  literature  and  other 
Sae  accomplishments  soon  rendered  him  conspicuous;  he 
howe»er  retired  from  the  world  to  pursue  literary  re- 
searches, in  which  he  made  an  uncommon  progress,  as 
appears  by  the  several  useful  discoveries  with  which  he 
afterwards  favoured  mankind.  He  chiefly  applied  him- 
self to  the  study  of  mathematics;  without  however  ne- 
glecting that  of  the<Scriptures;  in  both  of  which  he  dis* 


covrrei]  the  most  extensive  knowledge  and  profound  pene- 
tration. His  Essay  on  the  Book  of  the  Apocalypse  indi- 
cates the  roost  acute  investigation ;  though  time  hath 
discovered  that  his  calculations  concerning  particular 
events  bad  proceeded  on  fellacious  data.  But  what  has 
chiefly  rendered  his  name  famous,  was  his  great  and  for- 
tunate discovery  of  logarithms  in  trigonometry,  by  which 
the  ease  and  expedition  in  calculation  have  so  wouderfullj 
assisted  the  science  of  astronomy  and  the  arts  of  precticu 
geometry  and  navigation.  Napier,  having  a  great  attach- 
ment to  astronomy  atid  spherical  trigonometry,  had  oc- 
casion to  make  many  numeral  calculations  of  such  tri- 
angles, with  sines,  tangents,  &c;  and  these  being  ex- 
pressed in  large  numbers,  they  hence  occasioned  a  great 
deal  of  labour  and  trouble  :  to  spare  tbonsclves  part  of 
this  labour,  Napier,  and  other  authors  about  hit  time,  set 
themselves  to  find  out  certain  short  modes  of  calculation, 
as  is  evident  from  many  of  their  writings.  To  this  neces- 
sity, and  these  endeavours  it  is,  that  we  owe  several  ing^ 
nious  contrivances ;  particularly  the  computation  hy'MtK 
pier's  Rods,  and  several  other  curious  and  short  method* 
that  are  given  in  bis  Rabdologia ;  and  at  length,  after 
trials  of  many  other  means,  the  most  complete  one  of  lo- 
garithms, in  the  actual  construction  of  a  large  table  of 
nuiq^ers  in  arithmetical  progression,  adapted  to  a  set  of 
as  many  others  in  geometrical  progression.  The  property 
of  Such  numbers  had  been  long  known,  vix,  that  the  ad- 
dition of  the  former  answered  to  the  multiplication  of  the 
latter,  &c ;  but  it  wanted  the  necessity  of  such  ray  trou< 
blesomc  calculations  as  those  above  mentioned,  Joined  to 
an  ardent  disposition,  to  make  such  a  use  of  that  proper^. 
Perhaps  also  this  disposition  naa  urged  into  action  by 
certain  attempts  of  this  kind  which  it  seems  were  made 
elsewhere ;  such  as  the  following,  related  by  Wood  in  his  , 
Athene  Oxonienses,  under  the  article  Briggs,  on  the  au-' 
thorily  of  Oughtred  and  Wit^te,  viz,  "  That  ona  Dr. 
Craig,  a  Scolcbman,  coming  out  of  Denmark  into  his  own 
country,  called  upon  John  Neper  baron  of  Marcbeston 
near  Edinburgh,  and  told  him,  among  other  discourses, 
of  a  new  invention  in  Denmark  (by  Longomontanus  as 
'tis  said)  to  save  the  tedious  malti plication  and  division  in 
aatronumical  calculations,  ^eper  was  very  solicilons  to 
know  farther  of  him  concerning  this  matter,  but  he  could 
give  no  other  account  of  It,  than  that  it  was  by  propor- 
M2 
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tiMBbls  nui^ben;  Wbich  hint  Neper  t&king,  fae  desired 
him  Kt  bis  Nhirn  tb  call  upon  him  again.  Grtug,  after 
tome  week*  haJ  t)**<^^>  <"''  ^'^i  '"^^  Neper  then  showed 
faimftrude  draught  of  that  he  called  Canon  Mirabilis  Lo- 
gatithmorutn.  Which  dmight,  with  some  alteraiiuna,  he 
printed  in  l6l4.  It  came  forthwith  into  the  hands  of  our 
itattA>r  &ri^,  end  into  those  of  William  Uughtrcd,  from 
*hMn  the  tvlatlon  of  this  matter  came." 

Whatever  might  be  the  inducement  however,  Napier 
publiihed  bft  itavention  in  l6l4,  under  the  title  of  Loga- 
Mtbrnomm  Cuionis  Descriptio,  &c,  containing  (hti  dc- 
■cn))tioft  And  canon  of  his  logarithms,  which  are  thusc  of 
the  kind  that  is  called  hyperbolic.  This  work  coming 
presently  to  the  hands  of  Mr.  Briggs,  then  professor  of 
geometry  at  Gresham-coUege  in  London,  he  immediately 
gave  it  the  greatest  encouragement,  teaching  the  nature  of 
the  lagarithms  in  hi^  public  lectures,  and  »t  the  same 
time  recommending  a  change  in  the  scale  of  them,  by 
vhich  they  might  be  advantageously  altered  to  ilic  kind 
vhich  he  afterwards  computed  himself,  which  are  thence 
called  Briggs'a  Logarithms,  and  aret^osenuw  in  common 
Me.  Mr.  Bri^s  also  presently  wrote  to  lord  Napier  upon 
this  proposed  change,  and  made  journeys  to  Scotland  the 
two  following  years',  to  visit  Napier,  and  consult  with 
him  on  the  subject  of  this  alteration,  before  he  set  about 
KUtkihg  it.  Briggs,  in  a  letter  to  archbishop  Usher,  March 
10,  l€lS,  viites  thus:  "  Napier  lord  of  Markiniton  hath 
set  ray  })ead  trad  hands  at  work  with  his  new  and  admi- 
rable logarithjnV.  I  hope  to  see  him  thi<  summer,  if  it 
pleate  tSod ;  for  I  never  saw  a  book  which  pleased  me 
b«1ter,  tfnd  mhde  me  more  wonder."  Briggs  accordingly 
'  made  lord  Napier  the  visit,  and  staid  a  month  with  him. 

The  following  passage,  from  the  Life  ofUDy  the  as t ro- 
ller, coillains  a  curious  acco^tnt  of  the  meeting  of  those 
two  illustrious  men.  "  I  will  acquaint  you  (says  Lilly) 
with  one  memorable  story  related  unto  me  by  John  Marr, 
an  excellent  tnathematician  and  geometrician,  whom  I 
conceive  you  remember.  He  was  servant  to  King  James 
mdCharles  the  First.  At  first  when  the  lord  Napier,  or 
Mttrchiston,  made  public  his  logarithms,  Mr.  Briggs, 
tben  reader  of  the  astronomy  lectures  BlGre<>ham-coilege 
in  London,  was  so  surprised  with  admirHtion  of  them, 
rhdt  be  could  have  no  quietness  in  himself  until  he  had 
seen  that  noble  person  the  lord  Marchision,  whose  only 
invention  they  were:  he  acqtiaints  John  Marr  herewith, 
who  went  into  Scotland  before  Mr. 'Briggs,  purposely  to 
be  there  when  those  two  so  learned  persons  should  meet. 
Mr.  Briggs  appoints  a  certain  day  when  tp  meet  at  Edin- 
bui^;  but  failing  thereof,  the  lord  Napier  was  doubtful 
fae  would  not  come.  It  happened  one  day  as  John  Marr 
and  the  lord  Napier  were  speaking  of  Mr.  Briggs;  'Ah, 
John  (said  Marchiston),  Mr.  Briggs  will  not  now  come.' 
At  the  very  instant  one  knocks  at  the  gate;  Jqhn  Marr 
hastens  down,  and  it  proved  Mr.  Briggs  to  his  great  con- 
tentment, fie  brings  Mr.  Briggs  up  into  my  lord's  cham- 
ber, where  almost  one  quarter  of  an  hour  was  spent,  each 
beholding  other  almost  with  admiration  before  one  word 
WBS  spoke.  At  last  Mr.  Briggs  began  :  '  My  lord,  I  have 
undertaken  this  long  journey  purposely  to  see  your  person, 
and  to  Icnow  by  what  engine  of  wit  or  ingenuity  you  tame 
^  tint  to  think  of  this  most  excellent  help  into  astronomy, 
viz,  the  logarithms  1  but,  my  lord,  being  by  you  found 
■>u1,  I  wonder  nobody  dsc  found  it  out  before,  when  now 
known  it  is  so  easy.'  He  was  nobly  entertained  by  the 
lord  Napier;  and  every  summer  alter  that,  during  the 
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lord's  being  alive,  this  venerable  man  Mr.  Briggs  went 
purposely  into  Scotland  to  visit  him." 

Napier  made  also  considerable  improvements  in  sphe- 
rical trigonometry  &c,  particularly  by  his  Catholic  or 
Universal  Rule,  being  a  general  theorem  by  which  he  re- 
solves all  the  cases  of  right-argled  spherical  triangles  in 
s  manner  very  simple,  and  easy  to  be  remembered,  name- 
ly, by  what  he  calls  the  Five  Cil'cular  Parts.  His  Con- 
siruciiou  of  Logarithms  too,  besides  the  labour  of  them, 
manifests  the  greatest  ingenuity.  Kepler  dedicated  his 
Ephemeridcs  to  Napier,  which  were  published  in  the  year 
lot?  ;  and  it  appears  from  many  passages  in  bis  letter 
about  this  time,  that  he  accounted  Napier  to  be  the  great- 
est man  of  his  age  in  the  particular  department  to  which 
he  applied  his  abilities. 

The  lost  literary  exertion  of  this  eminentperson  was  ihe 
publication  of  his  Rabdology  and  Promptuary,  in  the  year 
1617  ;  soon  after  wbich  he.  died  at  Marchiston,  the  3d  of 
April  in  the  same  year.  And  in  the  €8th  year  of  his  age.— 
The  list  of  his  works  is  as  follows: 

1.  A  Plain  Discovery  of  the  Rcvelationof  St.  John;  1593. 

2.  LogarithmoTuni  Canonis  Descriptio;   l6[4. 

3.  Miri^ci  Logarithmorum  Canonis  Consiructio;  &c. 
'.Quibus   accessere  proposiiiones   ad   triangula   sphxiicA 

faciliore  calculo  rcsolvenda.  Una  cum  Annolalionibus 
aliquot  doctissimi  D.  Henrici  Briggii  in  eas,  et  mcmoratam 
appendicem.     Published  by  the  author's  son  in  I619. 

4.  Rnbdologia,  sen  Numerationis  per  Virgulas,  libri 
duo;  1617.  This  contains  the  description  anil  use  of  the 
bones  or  rods;  with  several  other  short  and  ingenious  mudi'S 
of  calculation. 

5.  His  Letter  to  Anthony  Bacon  (the  original  of  which 
is  in  the  archbishop's  library  at  Lambeth),  eatitled.  Se- 
cret Inventions,  Pnifilable  and  Necessary  in  these  days 
for  the  Defence  of  this  Island,  and  withstanding  Sirangrra 
Enemies  to  God's  Truth  and  Religion;  dated  June  2. 1596. 

Napier's  £onet,  or  Koff«,  an  instrument  contrived  by 
Lord  Napier,  for  the  more  easy  petforming  of  the  arith- 
metical operations  of  multiplication,  division,  &c.  These 
rods  are  five  in  number,  made  of  bone,  ivory,  horn,  wood, 
or  pasteboard.  Sec.  Their  faces  are  divided  into  nine  lit- 
tle squares  (fig.  7,  pi.  30) ;  each  of  which  is  parted  into 
two  triangles  by  diagonals.  In  these  little  squares  are 
written  the  numbers  of  the  multiplication-table;  in  such  a 
manner  that  the  units,  or  right-hand  figures,  are  found  in 
the  right-hand  triangle;  and  the"  tens,  or  the  left-hand 
figures,  in  the  left-hand  triangle ;  as  in  the  figure. 

7b  Muli^fy  Numberi  iy  Napier's  Bomi.  Dispose  the 
rods  in  such  a  manner,  as  that  the  top  figures  may  ex- 
hibit  the  multiplicand ;  and  to  these,  on  the  left-hand, 
join  the  rod  of  units  :  in  which  seek'  the  right-hand  figure 
of  the  multiplier;  and  take  oiit  the  numbers  correspond- 
ing to  it,  in  the  squares  of  the  other  rods,  by  adding  the 
.several  numbers  occurring  in  the  same  rhomb  together, 
and  their  sums.  After  the  same  manner  write  out  tho 
numbers  corresponding  to  the  other  figures  of  the  multi- 
plier; disposing  them  under  one  another  as  in  the  common 
multiplication;  and  lastly  add  the  several  numbers  into 


one  sum.  For  cxampl'',  suppose  thi 
tipiicand  5978,  and  the  multiplier  937. 
From  the  outermost  triangl?  on  the  right- 
hand  (fig.  8,  pi.  SO)  which  corresponds  to 
the  right-hand  figure  of  the  multiplier  7, 
take  out  the.figure  6,  placing  it  tinder  the 
line.    In  the  next  rhomb  towards  the  left. 


5978 
937 
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a.Ad  9  and  5 ;  their  stim  being  14,  write  the  right-hand     perseveres  in  ihcm,  without  any  change,  till  it  be  acted  o 


figure  4,  against  6;  canning  the  ieft-faand  figu 
and  3,  which  are  found  in  tlie  next  rhotnb;  and  jo 
lum  8  to  46,  already  set  down '  AfVer  the  t 
in  tho  last  rhumb,  add  6  and  5,  and  the  latter  figure  of 
the  sum  1 1,  set  down  ai  before,  and  carry  1  to  the  3  found 
in  the  left-hand  triangle;  the  sum  4  join  as  before  on  the 
left-hand  of  1846.  Thus  you  will  have  41846  for  the 
product  of  S978  by  7-  Ami  in  the  same  manner  are  to 
be  found  the  products  for  the  other  figures  of  the  mul- 
tiplier; after  which  the  whole  is  to  be  added  together  as 
usual. 

Toperform  Dieiiionby  H/,T^%\i'3  Bona.  Dispose  the 
rods  so,  that  iLe  uppermost  figures  may  exhibit  the  di- 
visor; to  these  on  the  left-hand,  Join  the  rod  of  units. 
Descend  under  the  divisor,  tilt  you  meet  those  figures  of 
the  dividend  in  which  it  is  first  required  how  oft  the  divisor 
is  found,  or  at  least  the  next  less  number,  which  is  (o  be 
subtracted  from  the  dividend;  then  the  number  corre- 
sponding to  this,  in  the  place  of  units,  set  down  for  a  quo- 
tient. And  by  determining  the  other  parts  of  the  quotient 
after  the  same  manner,  the  division  will  he  completed. 

For  example  ;  suppose  the  di-  5973  j  5(J01386  (  937 
vidend  5601386,  and  the  divi-  53802 

sor  5978  ;  since  it  is  first  in< 
quired  how  often  5978  is  found 
in  56013,  [lesccnd  under  the  di- 
Tisor  (fig.  8)  lilt  in  the  lowest 
series  you  find  the '  number 
53803,   approaching  nearest   to  56013; 


23118 
17934 
41846 
41846 
the  former  of     persevere  in  its  state, 
which  ia  10  be  subtracted  from  the  latter,  and  the  figure  9      the  change  which  is  produced 
corresponding  to  it  in  the  rod  of  units  set  down  for  the     measured  by  the  action  which  it 
quotient.  To  the  remainder  SSfll  join  the  fallowing  figure     by  the  resistance  which  it 


by  sotui'ihing  external. 

2d  Law. — 'I'he  motion,  or  change  of  motion,  is  always 
proportional  to'  the  moving  force  by  which  it  is  produced, 
and  in  the  direction  of  the  right  line  in  which  that  force 
is  irapresseil.  If  a  given  force  produce  a  certain  motiod, 
A  double  force  will  produce  double  the  motion,  a  triple 
force  triple  ihe  motion,  and  so  on.  And  this  motion,  since' 
it  is  always  directed  to  the  same  point  with  the  generating 
force,  if  tin;  body  were  in  motion  before,  is  either  to  be 
added  to  it,  ns  when  the  motions  conspire  :  or  subtracted 
from  it,  ns  when  they  are  opposite;  or  combined  obliquely, 
when  oblique;  being  always  compounded  with  it  accord- 
ing to  the  dsterminulion  of  each. 

3d  Law. — Re-action  is  alnitys  contrary,  and  equal  to 
action  ;  or  the  actions  of  two  bodies  upon  each  other,  are 
nlways  nitltually  equal,  and  directed  contrary  ways;  and 
are  to  be  estimated  always  in  the  sanle  right  line.  Thus, 
if  one  body  press  or  draw  another,  it  is  equally  pressed  or 
drawn  by  it.  So,  if  I  press  a  stone  with  my  finger,  tbc 
finger  is  equally  pressed  by  the  stone  :  if  a  horse  draw  a 
Weight  forward,  by  a  rope,  the  horse  is  equally  opposed  or 
'drawn  baclc  towards  the  weight ;  the  equal  tension  or 
srrelch  of  the  rope  hindering  the  progress  of  the  one,  as  It 
promoies  that  of  the  other.  Again,  if  any  body,  by 
striking  on  another,  do  in  any  manner  change  its  motion, 
it  will  itself,  by  means  of  the  other,  undergo  also  an  equal 
change  in  its  own  motion,  on  account  of  the  equality  of  the 
presauri'.      When   two   bodies   meet,  each  e 


^  of  the  dividend;  and  the  number  I7934i  being  found  as 
before  for  the  next  less  number  to  it,  the  corresponding 
number  Sin  the  rod  of  units  is  to  be  set  down  for  the  next 
figure  of  the  quotient.  After  the  same  manner  the  third 
and  lost  figure  of  the  quotient  wilt  be  found  to  he  ?  ;  and 
the  whole  quotient  937. 

NATURALDoy,  yeor,*c.     See  Day,  Yeae,  &c. 

Natitral  Horiton,  is  the  sensible 


iy  change:  and  becalise 
1  cither  may  be  equally 
tcites  upon  the  Other,  or 
Ith  fromit,it  follows  that 


N  A  TUBAL  Magic,  is  that  which  only  makes  use  of  na- 
tural.causes;  such  as  the  treatiseuf  J.Bapt.  Porta,  Magia 
Naturalia. 

Natural  PMlott^y,  otherwise  called  Pln/iics,  is  that 
science  which  considers  the  {Mwers  of  nature,  the  proper- 
ties of  natural  bodies,  and  their  actions  on  one  another. 

Zjatfsq/'NATUKS,  are  certain  axioms,  or  general  rules, 
of  motion  and  rest,  observed  by  iislural  bodies  in  their  ac- 
lioRS  on  one  another.  Of  these  laws.  Sir  I.  Ne\vton  has 
established  the  three  following. 

ist  Law, — ^Thal  every  body  perse»eres  in  Ihi 
state,  either  of  test,  or  uniform  rectilinear  motion; 
it  is  compelled  to  change  that  State  by  the  action  o 
foreign  force  or  agent.    'T^us,  projectiles  persevere  ii 
,  their  motions,  except  so  far  as  they  are  retarded  -by  Ihi 
resistance  of  the  air,  and  the  action  of  gravity :  and  thus  1 
top,  once  set  in  motion,  only  ceases  to  tnrn  round, becausi 
it  is  resisted  by  the  air,  and  by  the  friction  of  the  pt; 


changes  prodticed  in  the  motions  of  each  are  eqtial, 
DU[  are  made  in  contrary  dirt^ctions:  the  one  acquires  no 
new.  force  but  what  the  other  loses  in  the  same  direction; 
nor  does  this  last  lose  any  force  hut  what  the  other  ac- 
quires ;  and  hence,  though  by  their 'collisions,  motion 
passes  from  the  one  to  the  other,  yet  the  sum  of  their  mo- 
tions, estimated  in  a  given  direction,  is  preserved  the 
physical  ho-  same,  end  is  unalterable  by  their  mtitual  actions  upon 
each  other.  In  these  iictions  the  changes  are  equal ;  not 
those,  we  mean,  of  the  velocities,  but  those  of  the  motions, 
or  momentums;  the  bodies  being  supposed  free  from  any 
other  impediracDts.  For  the  changes  of  velocities,  which 
are  likewise  made  contrary'  ways,  inasmuch  as  the  mo- 
tions are  equally  changed,  are  reciprocally  proportional  to 
the  bodies  or  masses.— The  same  law  obtains  also  in  at- 
tractions. 

NAVIGATION,  is  the  art  of  conducting  a  sliip  at  sea 
from  one  port  or  p\acs  to  another.  This  is  perhaps  the 
most  useful  of  all  arts,  and  is  of  the  highest  antiquity.  It 
me  is  impossible lo  say  who  were  Ihe  inventors  of  it ;  but  it  is 
less  probable  that  many  people  cultivated  it,  independent  of 
each  other,  who  inhabited  the  sea  coasts,  and  had  occa- 
sion, or  found  it  convenient,  to  convey  themselves  upon 
the  water  from  place  to  place;  beginning  from  rafts  and 
logs  of  ivood,  and  gradually  improving  in  the  structure 
and  management  of  their  vessels,  according  to  the  length 
-    *  '  t  of  their  voyages.     Writers  however 


upon  which  it  moves.    Thus  also  the  larger  bodies  of  the  ascribe  the  invention  of  this  art  to  different  persons,  or  na- 

planets  and  comets  preserve  their  progressive. and  circular  tions,  according  to  the  different  sources  of  their  informa- 

motions  a  long  time  undiminished,  in  regions  void  of  eM  tion.    Thus, 

sensible  resistanoe.-^Aa  body  is  passive  in  receiving  its  mo-         The  poets  refer  the  invention  of  navigation  to  Neptune,  _ 

tiuD,  and  die  direction  of  its  motion,  so  it  reUina  them,  or  some  to  Bacchus,  others  to  Hercniea,  to  Jason,  or  to 


yCoogle 
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Janut.  who  it  is  said  miule  tbe  lirit   sliip.     Ilimorians     Frenc4i;  tfaough  (he  Iinlians  seem  to  have  the  juKrt  tide 
~  -     -        .  .        _    .  t»  it,  and  are  usually  considered  ai  the  resiorera  of  boih, 

as  vrt'U  as  of  the  polite  arn,  which  had  bwo  banished  ti»> 
gclher  from  the  lime  the  empire  was  torn  asunder.  It  » 
the  p<>op)e  uf  Italy  then,  and  particularly  those  of  Venice 
and  Genoa,  who  have  the  glory  of  this  mloratiun ;  and 
it  is  to  their  advantageous  lituntion  for  navigation  thai 
they  in  a  great  measure  owe  their  glory.  From  about  the 
time  of  the  6ih  contury,  when  the  inhabitants  of  the 
islands  in  the  bottom  of  the  Adriatic  began  tu  unite  toge- 
ther, and  by  their  union  tu  form  the  Venetian  state,  their 
deets  of  merchantmen  were  sent  to  all  the  jtaria  of  the 
Mrditerraoean }  and  at  last  to  those  of  l^pt,  particularly 
Cairo,  a  new  city,  built  by  the  Saracen  princes  on  tbe 
eastern  banks  of  tbe  Nile,  where  they  traded  for  their 
>pices  and  other  products  of  the  Indies.  Thus  they  fluu- 
■,  their  navigation, 
till  tbe  league  of 


atcribe  it  to  the  ^{ioetes,  the  Phoenicians,  Tyriuu,  and 
the  ancient  inhabitants  of  Britain.  Some  are  of  ^piniiin 
that  the'  first  bint  was  taken  from  the  flight  of  the  kitej 
aod  some,  as  Oppian  (De  Piscibus,  lib.  1),  from  the  tish 
called  Nautilus;  while  some  ascribe  it  to  accident;  and 
others  again  deriving  the  hint  and  invention  from  Noah's 
ark. 

However,  history  represents  the  Pbtenicians,  especially 
those  of  the  capital  Tyre,  as  the  fint  navigaiure  that  made 
any  eKteniive  progress  in  the  art,  so  f»r  as  has  come  to 
our  knowledge;  and  indeed  it  must  have  been  this  very 
art  that  made  their  city  what  it  was.  For  this  purpose, 
Lebanon,  and  the  other  neighliourinit  inountains,  furnish- 
ing  them  with  excellent  wood  for  ship-building,  they  were 
speedily  masters  of  a  numerous  fleet,  with  i*hich  constantly 

hasarding  new  navigations,  and  settling  new  trades,  they     risbed,  and  inci'eaced  their 
soon  arrived  at  a  high  pitch  of  opulence  and  population;     and  their  conquests  on  the  I 

3D  as  to  be  in  a  condition  to  send  out  colonies,  the  prin-  Cainbray  in  1508,  when  a  number  of  jealous  princes  con*' 
cipal  of  which  was  that  of  Carthage ;  which,  keeping  up  spir«d  to  their  ruin  ;  which  was  the  more  easily  effected 
their  Pbanician  spirit  of  commerce,  in  time  far  surpassed  by  [he  diminution  uf  their  East-India  comiherce,  of  w^ich 
Tyre  itself;  sending  their  merchant-ships  through  Her-  the  Portuguese  bad  got  one  part,  and  the  French  another, 
cules's  pillars,  now  the  straits  of  Gibraltar,  and  thence  Genoa  too,  which  had  cultivated  navigation  at  tbe  same 
along  the  western  coasts  of  Africa  and  Europe ;  and  even,  time  with  Venice,  and  that  with  equal  vucceu,  wan  a  lon){ 
according  to  some  authors,  to  America  itself.  The  city  time  its  dangerous  rival,  disputed  wiih  it  the  empire  of  the 
uf  Tyre  being  destroyed  by  Alexander  the  Great,  its  na-  sea,  and  shared  with  it  the  tradu  of  Egypt,  and  other 
vigation  and  commerce  were  transferred  by  the  conqueror     parts  both  of  the  east  and  west. 

to  Alexandria,  a  new  city,  well  situated  for  these  pur-  Jealousy  soon  btgan  t»  break  obt ;  and  tbe  two  repub- 
poses,  and  proposed  for  the  capital  of  the  empire  of  Asia,  lies  coming  to  blows,  there  was  almost  continual  war  for 
the  conquest  of  which  Alexander  then  meditated.  And  three  centuries,  before  the  superiority  was  aicertHJued ; 
thus  arose  the  navigation  of  the  Egyptians ;  which  was  af-  ^^ben,  towards  the  end  of  tbe  14th  century,  the  battle  of 
terwardssocultivatedby  the  Ptolemies,  that  Tyreand  Car-  Cbioia  ended  the  strife :  tbe  Genoese,  who  till  then  had 
tbhge  were  quite  forgolten.  usually  the  advantage,  having  now  lost  all ;  and  the  Ve- 

Egypt  being  reduced  to  a  Roman  province  after  the  bet-  netians,  almost  become  desperate,  at  one  happy  blow,  be* 
tie  of  Actium,  its  trade  and  navrgatiun  fell  into  the  hands  yond  all  expectation,  secured  to  themselves  the  empire  of 
ofAuguatus:  in  whose  time  Alexandria  was  only  inferior     ■"--    —    --^•'^  -  --- 

to  Rome;  and  the  raagaicines  of  the  capital  of  tbe  world 


and  the  superiority  ii 
About  the  same  time  that  navigation  was  retrieved  in 
the  southern  parts  of  Europe,  a' new  society  of  merchants 
was  formed  in  the  North,  which  not  only  carried  com- 
merce to  the  greatest  perfection  it  was  capable  of,  tilt  tbe 
discovery  of  the.£ast*and  West  Indies,  but  also  formed  a 
new  scheme  of  laws  for  the  reguUtion  of  ii,  which  still 
obtain  under  the  name  of,  Uses  and  Cttstoms  of  the  Sea. 
It  celebrated  league  of  the  Hanae-Towns, 
about  the  year  1 164. 
The  art  of  navigation  has  been  greatly  improved  jn  mo* 
dern  times,  both  in  respect  to  the  form  of  the  vessels 
themselves,  and  the  me'thod*  of  working  or  conducting 
them.  The  use  of  rower*  is  now  entirely  superseded  by 
the  improvements  made  in  the  sails,  rigging,  &c  The 
ancients  were  neither  so  well  skilled  in  Bnding  the  lati- 
tudes, nor  in  steering  their  vessels  in  places  of  difficult  na- 
vigation, as  the  moderns.  But  tbe  greatest  advantage 
which  these  have  over  the  ancients,  is  from  the  mariner^s 
compass,  by  which  they  are.  enabled  to  find  their  way 
with  as  much  facility  in  the  midst  of  an  immeasurable 
ocean,  as  the  ancients  could  have  done  by  creeping  alon^t 
the  coust,  and  never  going  out  of  sight  of  land.  Some 
people  indeed  contend,  that  this  is  no  new  invention,  but 
that  the-  ancients  wei'e  scquainted  with  it.  They  say,  it 
was  impossible  for  Solomon's  ships  to  go  to  Opbir,  Tar- 
shish,  andf  arvMm,  which  last  they  will  have  tu  be  Peru, 
without  this  useful  instrument  They  insist,  that  it  was 
impossible  for  tbe  ancients  to  be  acquainted  with  tbe  at- 
gauon  and  cocnmerce. — Some  think  it  hegna  with  tbe     tractive  virtue  of  the  magnet,  without  koowiog  its  pola- 


e  wholly  supplied  with  merchandises  from  the  capital 
ofEgyyl, 

At  length,  Alexandria  itseUunderwenC  the  fate  of  Tyre 
and  Carthage ;  being  surprised  by  the  Saracens,  who,  in 
spite  of  the  Emperor  Herocliut,  overepread  tbe  northern 
coasts  of  Africa,  ttc ;  and  the  merchants  being  <lriven 
thence,  Alexandria  has  ever  since  been  in  a  languishing  This  society 
state,  though  still  it  has  a  considerable  part  of  the  com-  which  was  begi 
mcrCB  of  the  Christian  merchants  trading  tu  the  Levant.  ~' 

The  fall  of  Rome  and  its  empire  drew  along  with  it, 
not  only  that  of  learning  and  the  polite  arts,  but  that  of 
navigation  also;  the  barbarians,  into  whose  bands  it  fell, 
contenting  themselves  with  the  spoils  of  the  industry  of 
their  predeceisors. 

But  no  sooner  were  the  brave  among  those  nations  well 
settled  in  their  new  provinces;  some  in  Gaul,  as  the 
Franks ;  others  in  Spain,  as  the  Goths ;  and  others  in 
Italy,  as  tbe  Lombards ;  than  they  began  to  learn  thu"  ad- 
vantages of  navigation  and  commerce,  with  the  methods  of 
naiuiging  them,  from  the  people  they  subdued  ;  and  this 
with  so  much  success,  that  in  a  little  time  some  of  them 
became  able  to  give  new  lessons,  and  set  on  foot  new  in- 
stitutions for  its  advantage.  Thus  it  is  to  tbe  Lombards 
we  nsually  ascribe  the  invention  and  use  of  banks,  book- 
keeping, exchanges,  rechanges,  &c> 

It  does  not  appear  which  of  the  European  nations,  after 
the  settlement  of^  their  new  masters,  first  engaged 
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ilty.  They  eren  affim,  that  tliis  property  of  the  magnpt 
ii  pl&inly  mentioned  in  the  Book  of  Job,  where  the  loari- 
UonftiR  called  topK,  or  the  slone  that  turns  itself.  But, 
not  to  mention  that  Mr.  Bruce  has  lately  made  it  appear 
highly  probable  that  Solomon's  ships  made  no  more  than 
coasting  voyages,  it  is  certain  that  the  Romans,  who  con- 
quered Juden,  were  ignorant  of  this  instrument ;  and  it  is 
very  proba'ble,  that  so  useful  an  invention,  if  once  it  had 
been  comtnonly  known  lo  n  nation,  would  never  have  been 
forgotten,  or  perfectly  concealed  from  so  enterprising  a 
people  as  the  Romans,  who  were  so  much  interested  in 
the  discovery  of  it. 

Among  those  who  doiagrce  that  the  mariner's  compass 
It  a  modem  invention, it  hs>  been  much  disputed  who  was 
the  inventor.  ,Son»e  give  the  honour  of  it  to  Flavio  Gioia 
of  Arnalli  in  Campania,  about  the  beginning  of  the  I4lh 
century  ;  while  others  lay  that  it  came  from  the  East,  and 
was  earlier  known  in  Europe.  But,  at  whatever  time  it  was 
invented,  it  is  certain,  that  the  mariner's  compass  was  not 
commonly  used  in  navigation  before  the  year  1420.  In 
that  year,  the  science  was  considerably  improved  under 
the  auspices  of  Henry  duke  of  Visco,  brother  to  the  king 
of  Portugal.  In  the  year  1485,  Roderic  and  Joseph,  phy- 
sicians to  king  John  the  3d  of  Portugal,  together  with  one 
Martin  de  Buheraia,  a  Portuguese  native  of  the  island  of 
Fayal,  and  pupil  to  Re^omontanus,  calculated  tables  of 
the  sun's  declination  for  the  use  of  seilon,  and  recom- 
mended the  astrolabe  for  taking  observations  hI  sea.  The 
celebrated  Columbus,  it  is  said,  availedhimself  of  Martin's 
instructions,  and  improved  the  Spaniards  in  the  knowledge 
of  this  art;  for  the  farther  progress  of  which,  a  lecture 
was  afterwards  founded  at  Seville  by  the  eraperor  Charles 
Ihe  5th. 

The  discovery  of  the  variatiun  of  the  compass,  is  Claim- 
ed by  Columbus,  and  by  Sebastian  Cabot.  The  formcF 
certainly  did  observe  this  varjatioti  without  having  heard 
of  il  from  any  other  person,  on  the  14ih  of  September 
14-93,  and  it  is  very  probable  that  Cabot  might  do  Ihe 
same.  At  that  time  it  was  found  that  there  was  no  varia- 
tion At  Ihe  Asores,  for  which  reason  some  geogrnphcri 
made  that  the  first  ineridian,  though  it  has  since  been  dis- 
covere<1  that  the  variation  alten  in  time.  The  use  of  the 
cross-atalf  now  began  to  b«  introduced  among  sailors.  This 
ancient  initrumenf  is  described  by  John  Werner  of  Nu- 
remberg,  in  his  annotation*  on  the  first  book  of  Ptolemy's 
Geography,  printed  in  1^14:  he  recommends  it  for  ol>> 
serving  the  distance  between  the  moon  and  some  alar, 
from  which  to  determine  the  longitude. 

At  this  time  the  art  of  navigation  was  very  imperfect, 
from  the  use  of  the  plane  chart,  which  was  the  only  one 
then  known,  and  which,  by  its  gross  errors,  musV  have 
greatly  misled  the  mariner,  espedally  in  placet  far  distant 
from  the  equator;  and  also  from  the  want  of  book*  of 
instruGCion-for  seamen. 

At  length  two  Spanish  treatises  appeared  dii  this  sub- 
ject, the  one  by  Pedro  de  Medina,  in  1545;  and  the  other 
by  M^-rtin  Cortes,  or  Curtis  at  it  is  printed  in  English,  'in 
15^6,  though  the  author  says  he  composed  it  at  Cadia  in 
1545,  containing  a  complete  system  of  the  art  as  far  as  it 
wiis'  then  known.  Medina,  in  his  dedication  to  Philip 
priAcc  of  Spais,  laments  that  multitudes  of  ships  d&ily  ]>e- 
Tisfaed  at  sea,  because  tliere  w'ere  neither  teachers  of  the 
art,  twt  books  by  which  it  might  be  learned;  and  Cortra, 
inhis  dedication,  boasts  to  the  emperor,  that  be  was  the 


first  who  had  reduced 'navigation  into  k  compendium,  va- 
luing himself  much  on  what  he  had  performed.  Medina 
defended  the  plane  chart;  but  he  was  opposed  by  Cartes, 
who  showed  its  errors,  and  endeavoured  to  account  for 
the  variation  of  the  compass,  by  supposing  Ihe  needle  was 
influenced  by  a  magnetic  pole,  diReretlt  from  that  of  the 
world,  and  which  he  called  the  Point  Attractive;  which 
notion  has  been  further  prosecuted  by  othera,  Medina's 
book  WAS  soon  translated  into  Italian,  Fivnch,  and  Flemish, 
and  served  for  a  longtime  as  a  guide  to  foreign  navigators. 
However,  Cortes  was  the  favourite  author  of  the  English 
nation,  and  was  translated  in  I56i,  by  llichard  Kden, 
white  Medina's  work  was  much  neglected,  though  trans- 
lated also  within  a  short  time  of  the  other.  At  that  time 
a  syiilem  of  navigation  consisted  of  materials  such  as  the 
following.  An  abcount  of  the  Ptolemaic  hypothesis,  and 
the  circles  of  the  sphere ;  of  the  roundness  of  the  earth, 
the  longitudes,  latitudes,  climatet;,  &c,  and  eclipses  of  the 
luminaries;  a  calendar;  the  method  of  finding  the  prime, 
epact,  moon's  age,  and  tides ;  a  descriptioti  of  the  com- 
pass,'an  account  of  its  variation,  fur  the  discovering  of 
which  Cortes  said  an  instrument  might  easily  Lc  contrived ; 
tabu's  of  the  sun's  declination  for  4  years,  in  order  to  find 
Ihe  latitude  from  his  meridian  altitude;  directions  to  find 
the  same  by  certain  stars ;  of  the  course  of  the  sun  and 
moon  ;  the  length  of  the  days;  of  time  and  its  divisions; 
the  method  of  finding  the  hour  of  the  day  and  night;  Stnd 
lastly,  a  description  of  the  sea-chart,  on  which  to  discover 
where  the  ship  is;  they  made  use  also  of  a  small  table, 
that  bhowed,  on  an  alteration  of  one  degree  of  the  latitude,  - 
how  many  leagues  were  mn  on  each  rhumb,  together 
with  the  departure  from  the  meridian;  which  might  be 
called  a  table  of  distance  and  departure,  as  we  have 
now  a  table  of  difference  of  latitude  and  departure.  ' 
Besides,  some  instruments  were  described,  especially  by 
Cortes  ;  one  of  which  was  for  finding  the  place  and  declt> 
nation  of  the  sun,  with  the  age  and  place  of  the  moon ; 
certain  dials,  the  astrolabe,  and  cross-staff;  with  a  com-- 
plcx  machine  to  discover  the  hour  and  latitude  at  once. 

About  the  same  time  proposals  were  made  for  finding 
the  longitude' by  observations  of  the  moon.  In  1530, 
Gemma  Frisius  advi^^  thu  keeping  of  the  time  by  means 
of  small  clacks  or  watches,  ihea-  newly  invented,  as  ha 
says.  He  also  contrived  a  new  kind  of  cross-staJT,  and  an 
inittrument  caHed  the  Nautical  Quadrant ;  which  last  was 
mnch  praised  by  William  Cuningham,  in  bts  Cosmogra- 
phical  Glass,  printed  in  the  yeai;  1559. 

In  the  year  1537  Pedro  Nunez,  or  Nonius,  published 
a  book  in  the  Portuguese  language,  to  explain  a  difficulty 
in  navigation,  proposed  to  him  by  the  commander  Don 
Martin  Alphonso  dc  Susa.  In  this  work  he  exposes  the 
errors  of  the  plane  chart,  and  gives  the  solution  of  several 
curious  astronomical  problems;  among  which,  is  that  of 
determining  the  latitude  from  two  observations  of  the 
sun's  altitude  and  the  intermediate  asimuth  being  given. 
He  observed,  that  though  the  rhumbs  are  spiral  lines,  yet 
th*e  direct  course  of  a  ship  will  always  be  in  the  arch  of  a 
great  circle,  by  which  the  angle  with  the  meridians  will 
continually  change :  all  that  the  steersman  can  here  do  for 
preserving  the  original  rhurab,  is  to  correct  these  devia» 
tions  as  soon  as  they  appear  sensible.  But  thus'  the  ship 
will  in  reality  describe  a  course  without  the  rhumb-line  in- 
tended ;  iind  therefore  his  calculations  for  sasigiiiDg  the 
ialiWde,  wliereany  rhumh-Uno  crosses  the  Mveral.  raettv. 
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diaiu,  will  be  in  M>me  meuure  erronconi.  He  invented  a  pubtitbed  in  liSg,  witfaouf  clearly  aDdentandiDg  the 
netfaod  of  dmdiug  a  quadrant  by  ncani  of  concentric  principles  of  its  construction  ;  tbesa  were  first  discovcmt 
circles,  which,  after  being  much  intprovcd  by  Dr.  Halley,  by  Mr.  Edward  Wright,  who  sent  an  account  of  the  true 
ii  used  at  presenti  and  is  called  a  Nonius.  .  method  of  dividing  tlie  meridian  from  Cambridge,  where 
In  1577,  Mr.  William  Bourne  published  a  tnTatise  of  he  was  a  ttllow,  to  Mr.  Blundeville,  with  a  short  tablefor 
Bftviguion,  in  which,  by  considering  the  irn^larities  in  that  purpose,  and  u  specimen  of  a  chart  so  divided.  These 
the  moon's  motion,  he  shows  the  errors  of  the  sailors  in  were  publi&beJ  by  Blundeville  in  1694,  among  bis  Ki^er- 
finding  her  a^e  by  the  epaci,  and  alsff  in  deteriniuing  ibo  cises  ;  to  the  later  editions  of  which  was  added  bii  Dis- 
lionrfroni  observing  on  what  point  of  the  compass  the  course  ou  Universal  Maps,  first  printed  in  1589.  How 
MID  and  moon  appeared.  In  sailing  towards  high  latitudes,  ever,  in  1599  Air.  Wright  printed  bis  Correction  of  cer- 
be  advisa  to  keep  the  reckoning  by  the  globe,  as  the  tain  lurors  in  Mavigatioii,  in  which  work  he  shows  the 
plane  chart  is  most  erroneous  in  such  Miuatiohs.  He  de-  reagon  of  this  division,  the  manner  of  constructing  bis  ta- 
■pairs  of  our  ever  being  able  to  find  the  longitude,  unless  ble,  and  its  uses  in  navigation.  A  second  edition  of  this 
th«  variation  of  the  compass  should  be  occasioned  by  treatise,  witli  further  improvements,  was  printed  in  l6lU, 
some  such  attractive  point  as  Cori«s  had  imagined ;  of  and  a  third  edition  by  Mr.  Moxun,  in  1657> — I'he  nac— 
which  however  he  doubts :  but  as  be  had  shown  how  to  ihod  of  approximation,  by  what  is  called  the  middle  lati- 
find  the  variation  at  all  timds,  he  advises  to  keep  an  tude,  now  used  by  our  sailors,  occurs  in  Guoler's  Works, 
account  of  the  observations,  as  useful  for  finding  the  first  printed  in  1 623. — Ahoutthistimclogaritbmsbegan  to 
^]ace  of  the  ship;  which  advice  was  prosecuted  at  large  be  introduced,  which  were^applied  to  navigation  in  a  va- 
by  Simon  Stevin  in  a  treatise  published  at  Leyden  in  riety  of  ways  hy  Mr.  Edmund  Guoter ;  though  the  first 
1599;  the  substance  of  which  was  ihe  same  yeiir  printed  application  of  the  logarithmic  tables  to  the  cases  of  sail- 
at  London  in  English  by  Mr.  Edward  Wright,  entitled  ing,  was  by  Mr.  Thomas  Addison,  in  his  Arithmetical  Na- 
the  Haven-finding  Art.  In  the  same  old  tract  also  is  de-  vigation,  printed  in  l695. — In  l635  Mr.  Henry  Gellibrand 
cribed  the  method  by  which  oQr  sailors  estimate  the  rate  printed  a  Mathematical  Discourse  on  the  Variatiun  of  the 
of  a  ahip  in  her  course,  by  the  instruraeut  called  the  MagnelJcal  Needle,  containing  his  discovery  of  the 
Log.  The  author  of  this  contrivance  is  not  known  ;  nej-  changes  to  which  the  variation  is  subject. — bi  l651,  Mr. 
ther  was  it  farther  noticed  till  l607,  when  it  is  mentioned  Richard  Norwood  published  an  excellent  Treatise  of  Tri- 
in  an  East-India  voyage  published  by  Purchas:  but  from  goikometry,  adapted  to  the  invention  of  logarithms,  parti- 
ihi*  time  it  became  t:ommon,  and  is  mentioned  by  all  au-  cularly  in  applying  Napier's  general  canons ;  and  for  the 
tfaors  on  navigation ;  and  it  still  continues  to  be  used  as  at  farther  improvement  of  navigation,  he  undertook  the  la- 
first,  though  many  attempts  bave  been  made  to  impnove  borious  work  of  measuring  a  degree  of  the  meridian,  for 
it,  and  eootiivances  proposed  to  supply  its  place ;  some  examining  the  divisions  of  the  lo^line.  He  has  given  a 
of  which  hare  succeeded  instill  water,  but  proved  useless  full  and  clear  account  of  this  operation  in  his  beaman's 
in  a  stormy  sea.  Practice,  first  piiblished  in  1637  ;  where  he  also  describes 
la  1581  Michael  Coignet,-  a  native  of  Antwerp,  pub-  his  own  excellent  method  of  setting  down  and  perfectiitg 
lisbed  a  treatise,  in  which  he  animadvarted  on  Medina,  a  sea-reckoning,  &c.  This  treatise,  and  that  of  trigonu- 
In  this  be  showed,  that  as  the  rhumbs  are  spirals,  making  metry,  were  of^cn  reprinted,  as  the  principal  books  for 
endless  revolutions  about  the  poles,  numerous  errors  must  learning  scientifically  the  art  of  navigation.  What  he  had 
arise  from  their  being  represented  by  straight  lines  on  the  delivered,  especially  in  the  latter  of  them,  concerning  (bis 
sea-charts  ;  but  though  he  hoped  to  find  a  remedy  for  subject,  was  contracted  as  -a  manual  for  sailors  in  a  very 
these  errors,  be  was  of  opinion  that  the  proposals  of  No-  small  piece,  called  his  Epitome,  which  has  gun<^  through  a 
nius  were  scarcely  practicable,  and  tfaererdre  in  a  great  great numberuf editions. — Abouttheyear  id'^d.Mr.  ^nd 
ineosnre  ukIcss.  In  treating  of  the  sun's  declination,  he  published,  in  Norwood's  Epitome,  a  very  great  iniprove- 
took  notice  of  the  gradual  decrease  in  the  obliquity  of  the  menC  on  Wright's  method,  by  a  property  in  bis  meridian  - 
ecliptic;  he  also  described  the  cross-stafT  with  three  trans-  line,  by  which  its  divisions  are  more  scienlifirally  Hssigned- 
verse  pieces,  as  it  was  then  in  common  use  among  the  than  tbe  author  was  able  to  effect ;  whichhededucedfrom 
sailors.  He  likewise  gav«  some  instruments  of  his  own  in-  this  theorem,  thHt  these  divisions  are  analogous  to  the  ex- 
vention;  but  all  of  them  ore  now  laid  aside,  excepting  cesses  of  Ihe  logarithmic  tangents  of  half  the  respective 
perhaps  his  Nocturnal.  .  He  constructed  a  sea-table,  to  latitudes  increased  by  45  degrees,  above  the  logarithm  of 
be  used  by  such  assailed  beyond  the  60th  decree  of  lati-  the  radius:  this  he  afterwards  explained  more  fully  in  the 
tude ;  and  at  the  end  of  the  book  is  delivered  a  method  3d  edition  of  Gunter's  Works,  printed  in  16'53 ;  and  tha 
of  stulingon  a  parallel  of  latitude,  by  means  of  a  ring-dial',  demonstration  of  the  general  theorem  wassnpplied  by  Mr. 
and  a24-hour-glaES.  James  Gregory  of  Aberdeen,  in  his  Exercilaiiones  Geomc- 
In  the  same  year  Mr,  Robert  Norman  published  his  tricR,  printed  at  London  in  16'€h,  and  afterwards  by  Dr. 
Discovery  of  the  Dipping-needle,  in  a  pamphlet  called  the  Halley,  in  the  Philos.  Trans.  No.  219,  as  also  by  Mr. 
New  Attractive ;  to  which  is  always  subjoined  Mr.  Wil-  Cotes,  No.  38S. — In  1700,  Mr.  Bond,  who  ima^ned  that 
"  '  "  he  had  discovered  the  longitude,  hy  having  discovered  ibe 
true  theory  of  the  magnetic  variation,  published  a  general 
map,  on  which  curve  lines  were  -drawn,  expressing  the 
paths  or  places  where  the  magnetic  needle  had  the  same 
variation.  Tbe  positions  of  these  curves  will  indeed  con- 
tinualty  experience  alterations;  and  therefore  tbcy  should 
be  corrected  frem  time  to  time,  as  they  have  already  been 


liam  Burrough's  Discnurse  of  the  Variation  of  tbe  Com* 
pass. — ^In  1594,  Captain  John  Davis  published  a  small 
trcadse,  entitled  The  Seaman's  Secrets,  which  was  much 
esteemed  in  its  time. 

The  writers  of  this  period  complained  much  of  the  er- 
rors of  tbe  plane  chart,which  continued  still  in  use,  though 
th^  were  unable  to  discover  a  proper  remedy :  till  Ger- 
rard  Uercator  contrived  bis  Universnl  Mi^i,  which  be    for  the  yean  1744,atid  1756,  by  Mr.  William  Mounlaiic, 
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and  Mr.  Jainci  DodwD. — The. alio wancei  proper  to  be  extuni ;  and  to  which  work  js  prefixed  a  DisMrtalion  on 

made  for  Ire-way,  are  very  particularly  set  dowD  by  Mr.  the  Hisp  and  Progrt-ss  of  the  nnnicrn  Art  of  Ma*igation, 

John  Suckler,  and  published  in  a  small  tract  first  printed  by  Dr.  Jamet  Wilson,  cantaining  a  very  learned  and  cla- 

in  1702,  etttilled  a  New  Compendium  of  the  whole  An  of  borate  history  of  the  writings  and  improvement*  in  this 

Navigation,  written  by  Mr.  William  'Jonea.  art. 

As  it  is  Qow  generally  agreed  tb&t  the  earth  is  a  sphe-  For  an  account  of  the  several  instruments  employed  for 

raid,  whose  axis  or  polar  diameter  is  shorter  than  the  the  purposes  uf  navigatinn,  with  tbe  methods  for  the  lon- 

equatocial  diameter.  Dr.  Murdoch  published  a.  tract  in  gitude,  and  tbe  variomi  kinds  and  methods  uf  nitvigatiun, 

J741,  in  which  he  adapted  Wrigbfs,  or  Mercator's sailing  &c,  see  the  respective  articles  tbeniseives,  as  also  the  pre- 

to  such  a  fignre;  and  in  the  same  year  Mr.Alaclaurin  face  to  Robertson'^  Navigation, 

also,  in  tbe  Philos.  Trans.  No.  itil,  for  determining  the  Natiqation  is  either  Proper  or  Common, 

meridional  parts  of  a  spheroid;  and  he  has  further  pro-  Navigation,   Common,  usunlly  called   coasting,  in 

•ecuted  the  same  -speculation  in  his  Fluxions,  printed  in  which  tbe  places  are  at  no  great  distance  from  each  other, 

1743.  and  the  ship  sails  usually  in  sight  of  land,  and  rauslly 

Tbe  method  of  finding  the  longitude  at  sea,  by  the  ob-  within  soundings.     In  this,  little  else  is  required  besides 

serted  distances  of  the  moon  from  the  sun  and  stars,  com-  an  acquaintance  with  the  lands,  the  compass,  and  sound- 

.monly  called  the  lunar  method,  was  proposed  at  an  early  'ing-line  ;  each  of  which,  see  in  its  place. 

stagein  the  art  of  navigation,  (vis,  in  15 1 4,  by  John  Werner  Naviqation,  Proper,  u  where  the  voyage  is  long,  and 

of  Nuremberg,)  and  has  now. been  happily  carried  into  ef-  pursued  through  the  main  ocean.     And  here,  besides  tbe 

fectual  execution  by  the  encouraigement  of  the  Board  of  requisites  in  the  former  case,  are  also  required  the  use  of 

Longitude,  which  was  established  in  England  in  the  year  Mercattir's  Chart,  the  azimuth  and  amplitude  compasses, 

1714,  for  rewardingany  successful  endeavours  to  keep  the  the  log-line,  and  other  instruments  for  celestial  observa-* 

longitude  at  sea.     In  the  year  1767,  ^is  board  published  tions;  as  forestatfa,  quadrants,  and  other  sectors,  &c. 

a  Nautical  Almanac,  which  has  been  continued  annually  Navigation  turns  chiefly  upon  four  things ;  two  of  which 

ever  since,  by  the  advice,  and  under  the  direction  of  the  being  given  or  known,  the  rest  are  thence  easily  found  out. 

astroiiomer-royal  at  Greenwich:  this  work  is  purposely  These  four  things  ere,  the  difference  of  latitude,  difTerencv 

adapted  to  the  use  of  navigators  in  long  voyages,  and,  of  longitude,  the  reckoning  or  distance  run,  and  the  course 

.  among  a  great  jnany  useful  Brtic\es,it  contains  tables  of  the  or  rhumb  sailed  on.     Tbe  latitudes  arc  easily  found,  and 

lunar  distancer  accurately  computed  for  every  3  hours  in  that  with  sufficient  accuracy  :  the  course  and  distance  are 

tbe  year,  for  the  purpose  of  comparing  the  distance  thus  had  by  the  Ic^ -line,  or  dead  reckoning,  together  with  iho 

known  for  any  time,  with  the  distance  observed  in  an  un-  compass.     Nor  is  there  any  thing  wantii^  to  the  per- 

known  place.from  Which  [ocomputethelongitudeof  that  fection  of  navigation,  but  to   determine  the  longitude, 

place.     Under  the  auspices  of  this  Board  too,  besides  Mathematicians  and  astronomers  for  many  ages  have  ap- 

giving  encouragement  to  [he  authors  ofmany  useful  tables  plied  themselves,  with  great  assiduity,  to  supply  this  grand 

and  other  works,  which  would  otherwise  have  been  lost,  desideratum,  hut  not  altogether  with  the  success  desired, 

time- keepers  have  beeu  brought  to  a  great  degree  of  excel-  considering  the  importance  of  the  object,  and  the  magni- 

lence,  by  Mr.  Harrison,  Mr,  Arnold,  and  many  other  per-  ficent  rewards  offered  by  several- states  to  the  discoverer, 

sons,  which  have  proved  highly  advantageous  in  keeping  See  LoxoiTtrcz. 

the  time  during  long  voyages  at  sea,  and  thence  pving  the  Sub-Marine  Natioatioh,  or  the  art  of  sailing  under 

longitude  to  a  good  degree  of  accuracy.  water,  is  mentioned  by  Mr.  Boyle,  as  the  desideratum  of 

Some  of  the  other  principal  writers  on  navigation  are,  the  art  of  navigation.     This,  he  says,  was  successfully  at- 

Stevin,  before  l60O,  in  his  Hydn^aphy;  Bartholomew  tempted,  by  Cornelius  Drebbel ;  several  persons  who  were 

Crcscenti,ofRoroe,in  l607i  Willebi(>rdSBetl,atLeyden,  in  the  bo^t  breathing  freely  all  the  time,     See  Divaq- 

in   1624,  his  Tiphys  Batavus';  Geo.  Fonmier,  at  Paris,  B«U. 

l6SS;  John  Baptist  Ricdoli,  at  Bologna,  in  1661;  De-  in/<ml  Navigation,  is  that  performed  by  small  craft, 

chales,  in  l674  and  l677  (  the  Sieur  Blondel  St.  Aubin,  upon  canals,  ttc,  cut  through  a  country, 

in  1671  and  l673  ;  M.  Dassier,  in  l6S3;  M.  Sauveur,  NAVIGATOR,  a  person  capable  of  conducting  a  ship   . 

in  1692;  M.  John  Bouguer,  in  1098;  F.Pexenas,  in  173S  at  sea  to  any  place  proposed, 

and  1741 ;  and  M.  Peter  Bouguer,  who,  in  1753,  pub-  NAUTICAL  Ouirt,  the  same  as  Sea-Chart, 

lished  a  very  elaborate  treatise  on  this  subject,  entitled.  Nautical  Con^au,  the  same  as  Sea-Compass. 
Nouveau  Traitfe  de  Navigation ;  in  which  be  gives  a  va-  ,      Nautical  Plmi^here,  a  projection  or  consihiction  of 

riation  compass  of  his  own  invention,  and  attempts  to  re-  the  terrestrial  globe  on  a  plane,  for  the  use  of  mariners  ; 

form  the  log,  as  he  had  before  done  in  the  Memoirs  of  the  such  as  tbe  plane  chart,  apd  Mercator's  chart. 

Academy  of  Sciences  for  1747.     He  is  also  verypartlcu-  NEAP,  orNzxp-71^,  are  those  that  happen  at  equal 

lar  in  determining  the  lunations  more  accurately  than  by  distances  between  the  spring  tides.     The  neap  tides  aie  the 

the  common  methods,  and  in  describing  the  corrections  of  lowest,  as  the  spring  tides  are  the  highest  ones,  -  being  the 

the  dead  reckonii^     This  book  was  abridged  and  im-  opposite*  to  them.    And  as  the  highest  of  the  spring  tides 

proved  by  M.  Lacaille,  in  176O.     To  these  may  be  added  happens  about  3  days  aiter  the  fullor  change  of  tbe-moon, 

the  navigation  of  Don  George  Joan  of  Spain,  in  1757.  so  the  lowest  of  the  neap  l^des  tall  about  3  days  after  the 

And,  in  our  own  nation,  tbe  several  treatises  of  Messrs.  quarters,  or  4  days  before  the  full  and  change  ;  when  the 

Mewhouse,  Seller,  Hodgson,  Atkinson,   Harris,  Patoun,  seamen  say  it  is  deep  neap. 

Hauxley,  Wilson,  Moore,  Nicholson,  &c  J  but,  above  all,  NEAPED.     When  a  ship  wants  water,  so  that  she 

The  Elements  of  Navigation,  in  2  vols,  by  Mr.  John  Ro-  cannot  get  out  of  the  harbour,  out  of  the  dock,  or  off  the 

bertson,  first  printed  abont  the  year  1750,  and  since  often  ground,  they  say,  she  is  neaped,  or  beneaped.                     . 

le-printed ;  which  is  the  most  complete  work  'of  the  kiod  MEBUL*,  or  NEBViors,  or  Cloudy,  a  term  applied 
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10  certain  fixed  stars,  which  show  a  dim,  haiy  light ;  being 
leiis  than  those  of  the  6th  magnitude,  and  therefore  scarce- 
ly visible  to  the  naked  eye,  to  which  at  best  the?  only  ap- 
pear liiic  little  dusky  spetks  or  clouds.— Through  a  mode- 
rate telescope,  roost  of  these  nebulous  stars  plainly  appear 
ta  be  congeries  or  clusters  of  several  little  stars.  Id  the 
nebulous  star  called  Prsesepe,  in  ibebreast  of  Cancer,  there 
are  reckoned  36  little  stars,  3  of  which  Mr.  Flamsteed 
sets  down  in  his  catalogue.  In  the  nebulous  star  of  Orion, 
are  reckoned  21.  F.  Ic  Compte  adds,  that  there  are  4Q 
in  the  Pleiades;  13  in  the  star  in  tjie  middle  of  Orion's 
sword  ;  500  in  the  extent  of  two  degrees  of  the  same  con- 
■lellatiou  ;  and  S500  in  the  whole  constellation.  It  may 
further  be  observed,  that  the  galaxy,  or  milky-way,  is  a 
continued  assemblage  of  uebulee,  or  vast  clusters  of  small 
stars. 

Though  same  of  these  nebulous  spots  in  the  heavens 
consist  of  clusters  of  small  stars,  others  appear  as  luminous 
■pots  of  different  forms.  A  remarkable  one  is  in  the  mid- 
way between  the  two  Stan  on  the  blade  of  Orion's  sword, 
marked  t  by  Bayer,  discovered  in  Ibe  year  16^6  by  Huy 
gens;  it  contains  only  7  stars,  and  the  other  part  is  a 
bright  spot  on  a  dark  ground,  appearing  like  an  opening 
into  brighter  regions  beyond. 

Dr.  Halley  and  others  have  discovered  nebuls  in  seve- 
tal  parts  of  the  heavens.  In  the  Connoissance  des  Temps, 
for  1783  and  1784,  there  is  a  catalogue  of  103  nebulx, 
observed  by  Messier  and  Mechain.  But  to  Dr.  iferschel 
we  owe  catalogues  of  3000  nebulse,  and  clusters  of  stars, 
discovered  by  him.  Some  of  these  form  a  round  compact 
system;  others  are  more  irregular,  and  of  various  forms, 
S9me  being  long  and  narrow.  The  globular  systems  of 
Mars  appear  thicker  in  the  miildle,  than  they  would  do  if 
tho  stars  were  all  at  equal  distances  from  each  other;  they 
are  therefore  condensed  toward  the  centre.  These-  he 
supposes  are  brought  together  by  their  mutual  attractions, 
and  that  the  gradual  condensation  toward  the  centre  is  a 
proof  of  a  central  power  of  such  a  kind  ;  and  that  though 
the  forms  are  various,  it  is  plain  that  there  is  always  a 
'tendency  to  sphericity.  And  granting  that  these  nebulw 
and  cluslera  of  stars  are  formed  by  mutual  attraction.  Dr. 
H.  concludes,  that  we  may  judge  of  their  relative  age  by 
the  disposition  of  their  component  pans,  those  being'the 
oldest  that  are  roost  compressed.  He  supposes,  and  in- 
deed offers  powerful  arguments  to  prove,  that  the  milky- 
way  is  the  nebula  of  which  our  sun  is  one  of  its  compo- 
nent parts. 

Dr.  Henchel  has  also  discovered  other  phenomena  in 
the  heavens,  which  he  calls  nebulous  stars ;  that  is,  stare 
surrounded  by  a  foint  luminous  atmosphere  of  large  ex- 
tent. Thqse  which  have  been  thus  styled  by  other  astro- 
nomers, he  says,  ought  not  to  have  been  so  called  ;  lor, 
on  examination,  they  have  proved  to  be  either  mere 
clusters  of  stars'-  plainly  to  be  distinguished  by  his  large 
telescopes,  or  such  nebulous  appearances  as  might  be  oc- 
casioned by  a  multitude  of  stars  at  a  vast  distance.  The 
■ailky-way  consists  entirely  of  star^;  and  he  says,  "  I  have 
been  led  on  by  degrees  from  the  most  evident  congeries  of 
starsj  to  other  groups  in-  which  the  lucid  points  were 
smaller,  but  still  very  plainly  to  be  seen  ;  and  from  them 
to  such  in  which  they  could  barely  be  suspected,  uutil  I 
arrived  at  last  to  spots  in  which  no  trace  of  a  star  was  to  be 
discovered.  But  then  the.  gradations  to  these  latter  were 
by  sach  connected  steps,  as  left  no  room  for  douht,  but 
that  all  these  pheoonwna  were  c<iually  accaeiooed  by  stan 
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variously  dispersed  in  the  immense  expanse  of  the  uni- 
verse." 

In,  the  same  paper  is  given  an  account  of  some  nebulous 
stars,  one  of  which  is  tGus  described:  "  Nov.  13, 1700. 
A  most  singular  phenomenon  !  A  star  of  the  8th  jnagni- 
tude,  withafaint  luminous  atmosphere,  of  a  circular  form, 
and  of  about  3'  in  diameter.  The  star  is  perfectly  in  the 
centre,  and  the  atmosphere  is  so  diluted,  faint,  and  equal 
throughout,  that  there  can  be  no  surmise  of  its  consisting 
of  stars,  nor  can  there  be  a  doubt  of  the  evident  connection 
between  the  atmosphere  and  the  star.  Another  star,  not 
much  less  in  brightness,  and  tn  the  same  field  of  view  with 
the  above,  was  perfectly  free  from  any  such  appearance. 
Hence  Dr.  H.  draws  the  following  consequences  :  gniiiEing 
the  connection  between  the  star  and  the  surrounding  ne- 
bulosity, if  it  consist  of  stars  very  remote,  wbich  gives  the 
nebulous  appearance,  the  central  star,  which  is  visible, 
must  bcimmcnsely  greater  than  the  rest;  or  if  the  central 
star  be  nd  larger  than  common,  how  extremely  small  and 
compressed  must' be  those  other  luminous  points  which 
occasion  the  nebulosity.  As,  by  the  former  supposition, 
the  luminous  central  point  must  far  exceed  the  standard 
of  what  we  call  a  star ;  so  in  the  latter,  ihe  shining  mat- 
ter about  the  centre  will  be  too  small  to  come  under  the 
same  denomination ;  we  therefore  either  have  a  central 
body  which  is  not  a  alar,  or  a  star  which  is  involved  in  a 
shining  fiuid,  of  a  nature  totally  unknown  to  us."  This 
last  opinion  Dr.  H.  adopts. 

Light  reflected  from  the  star  could  not  be  seen  at  this 
distance.  Besides,  'the  outer  parts  are  nearly  as  bright  as 
those  near  the  star.  Further,  a  cluster  of  stars  will  not  so 
completely  account  for  the  mildness  or  soft  tint  of  the  light 
of  these  nebula,  as  a  self-luminous  fluid.  What  a  field  of 
novelty,  says  Dr.  H.,  is  here  opened  to  our  conceptions  ! 
A  shining  fluid,  of  a  brightness  sufficient  to  reach  us  from 
the  regions  of  a  star  of  the  8th,  9th,  10th,  11th,  12th  ma^ 
nitude  ;  and  of  an  extent  so  considerable  as  to  take  up  9, 
4,  5,  or  6  minutes  in  diameter.  He  conjectures  that  this 
shining  fluid  may  be  composed  of  the  light  perpetually 
emitted  from  millions  of  stars.  Sec  Philos.  Trans,  an. 
1791>  par  1,  or  ray  Abridg.  vol.  17,  pa.  18. 

In  the  vol.  for  1811,  pa.s69.  Dr.  Herschel  has  much 
farther  continued  his  observations  into  the  nature,  con- 
struction, and  uses  of  nebulous  matter.  He  shows  that  it 
is  distributed  through  the  immensity  of  space,  in  quantities 
iqconceivably  great,  and  in  separate  collections  of  all 
shapes  and  sizes,  and  of  all  degrees  of  brightness,  between 
a  njcre  milky  appearance  and  that  of  a  fixed  star.  He 
states  substantial  reasons  for  conceiving  that  the  whole 
furniture  of  the  univene  is  furnished  and  formed  out  of 
collections  of  it ;  that  it  is  naturally  opaque  though  self- 
shining;  that  by  its  central  gravitation  each  collection 
gradually  becomes  more  and  nwre  condensed,  and  more 
and  more  rounded  in  its  form  ;  that  from  the  exceutricity 
of  its  shape,  and  gravitation,  it  acquires  gradually  a  rotary 
motion  ;  that  probably  this  condenMiioo,  vid  roundness, 
and  rotation,  go  on  continually  increasing,  till  the  mass 
come  to  a  hard  or  firm  consistence,  and  receive  all  the 
other  characters  of  a  comet  or  a  planet ;  that  by  a  stiU 
further  process  of  condensntion,  the'ludy  becomes  a  real 
star  self'shiuing ;  and  that  thus,  the  waste  of  the  celestial 
bodies,  by  the  perpetual  diffusion  of  their  tight,  is  conti- 
nually'compensated  and  restored,  by  new  formations  of 
such  bodies,  to  replenish  for  ever  the  universe  with  plaueU 
tad  stars  1 
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Dr.  H,  has  again  returned  to  this  prolific  lubject,  in  a 
paper  communicated  to  theRoyal  Society,  and  read  at  thHr 
meetings  Feb.  24,  and  March  3,  1814.  He  hen  relates 
hi*  observations  on  the  relative  magnitudes  of  the  stars, 
considering  those  of  the  first  magnitude  to  be  equal  to  our 
sun  ;  dftermined  the  magnitude*  and  changes  in  the  ap- 
pearance of  a  great  number  of  fixed  stars  ;  gave  a  history 
of  the  alterations  which  he  has  noticed  in  ihe  aspect  of  the 
sidereal  heavens,  during  the  last  30  years ;  and  descrit>ed 
those  stars  which  have  increased  iu  magnitude  or  bril- 
liancy, have  lost  oracquired  surrounding  nebulw,  or  ha>e 
had  wings,  or  tails,  or  other  peculiar!  tits.  He  seems  of 
opinion  that  new  sidereal  bodies  ate  in  a  constant  and  pro- 
gressive state  of  formatidn ;  that  nebulous  appearances 
gradually  assume  a  globular  form.  He  considers  the  ori- 
gin and  progress  of  sidereal  bodies  to  be  nearly  in  the  fol- 
.lowing  order  :  first,  vague  and  indistinct  nebulae,  like  the 
milkj^way  ;  Sd,  detached  or  clustered  n^bulee,  nhich  con- 
solidate into  clusters  of  stats ;  3dly,  these  stars,  becoming 
mure  definite,  appear  with  nebulous  appendages,  iu  the 
different  forms  of  wings,  tails,  &c;  and  lastly^  that  all  are 
finally  concentrated  into  one  clear,  bright,  and  large  star, 
NEEDHAM  (John  Tubehville),  a  respecUble  phi- 
losopher and  catholic  divine,  was  borq  at  London  Decem- 
ber 10,  17  13.  His  father  pr>sscssed  a  considerable  patri- 
mony atHilston,  in  :he  county  of  Monmouth,  being  of  the 
catholic  branch  of  the  NeeJiiam  family,  and  who  died 
young,  leaving  but  a  small  fortune  to  his  four  children, 
Our  author,  who  was  the  eldest  son,  studied  in  the  English 
college  of  Douai,  where  he  took  orders,  taught  rhetoric  for 
several  years,  and  surpassed  all  the  other  professors  of 
that  seminary  in  the  knowledge  of  experimental'  philo- 
sophy. 

In  1740,  he  was  engaged  by  his  superiors  in  the  service 
of  the  English  mission,  and  was  intrusted  with  the  di- 
rection of  the  school  erected  at  Twyford,  near  Winches- 
ter, for  the, education  of  the  Roman  Catholic  youth. — 
In  1744  he  was  appointed  professor  of  philosophy  in  the 
English  college  nt  Lisbon,  where,  on  account  of  his  bad 
health,  he  remained  only  15  months.  After  his  return,  he 
passed  several  jcara  at  London  and  Paris,  which  were 
chiefly  employed  in  microscopical  observations,  and  in 
other  branches  of  experimental  philosophy.  The  results 
of  these  ubservations  and  experiments  were  published  in 
the  Philo^  Trans,  in  the  year  1749,  and  in  a  volume  in 
12mo  at  Paris  in  1750 ;  and  en  account  of  them  was  also 
given  by  M,  Buffon,  in  the  fint  volumes  of  his  natural 
history.  "An  intimate  connection  subsisted  for  a  long 
tine  between  Mr.  Needhara  and  this  illustrious  French 
naturalist:  they  made  their  experiinents  and  observations 
together;  though  the  results  and  systems  which  they  de- 
duced from  the  same  objects  and  operation?  wei«  totally 
different. 

Mr.  Needham  was  elected  a  member  of  the  Royal  So- 
ciety of  London  in  the  year  1747,  and  of  the  Antiquarian 
Society  some  time  after. — From  the  year  lp51  to  176?  he 
was  chiefly  employed  in  finishing  the  education  of  several 
English  and  Irish  noblemen,  by  attending  them  as  tutor 
in  their  travels  through  France,  Italy,  and  other  countries. 
He  then  retired  from  this  wandering  life  to  the  English 
seminary  at  Paris,  and  in  I76s  was  chosen  by  the  Royal 
Academy  of  Sciences  in  that  city  a  corresponding  member. 
Whe.n  the  regency  of  the  Austrian  Netherlands,  for 
the  revival  of  philosophy  and  literature  in  that  country, 
formed  the  project  of  on  Imperial  Academy,  which  wai 


preceded  by  the  erection  of  a  small  literary  lociely  to  pre- 
pare the  way  for  its  execution,  Mr.  Needhara  was  invited 
to  Brussels,  and  was  appointed  successively  chief  director 
of  both  these  foundations ;  an  appointment  which  he  held, 
together  with  some  ecclesiastical  preferments  in  the  Low 
CounMie*i,  till  his  death,  which  happened  December  the 
SOth  1781.  ,  ■ 

Mr.  Needham's  papers  inserted  in  tba  Philonopliical 
Tranasctiojts,  were  the  following,  vie; 

I.  Account  of  Chalky  Tubulous  Concretions,  called- 
MaIm:vol.42.— a.WicroscopicalObservattonsonWormsin 
Smutty Com:vol.42, — 3. ElcctricalExpcrimcnis  lately  made 
at  Paris:  vol.  44. — 4.  Account  of  M.  Buflbn's  Mirror, 
which  bums  at  66  feet :  ib.  —5.  Observations  on  the  Ge- 
neration, Composition,  and  Decomposition  of  Animal  and* 
Vt^eiabte  Substances:  vol.  45, — o.  On  the  Discovery  of 
Asbestos  in  France:  vol  51, 

Other  works  printed  at  Paris,  in  French,  are, 
1,  New  Microscopical  Discoveries :  1745. 
3.  The  same  enlarged :  1750. 

3.  On  Microscopical,  and  the  Generation  of  Organized 
Bodies:   2  vols,  1760- 

NEEDLE,  Magntiieai,  denotes  a  needle,  or  a  slendec 
piece  of  iron  or  steel,  touched  with  a  loadstone  ;  which, 
when  freely  suspended  on  a  pivot  or  centre,  on  which  it 
plays,  settles  at  length  in  a  ci;rtain  direction,  either 
duly,  or  nearly  north -a  nil  •south,  and  called  the  magnetic 
meridian.  Mognetical  needles  are  of  two  kinds;  horizoD- 
tal  and  inclinatory. 

HbriiomuJ  Neildi.es,  are  those  equally  balanced  on 
each  side  of  the  pivot  which  sustains  them;  and  wifich, 
playing  horizontally,  with  their  two  extremes,  point  out 
the  north  and  south  parts  of  the  borizon. 

Connniciiim  of  a  Horitdniai  Needle.  Having  pro- 
cured a  thin  light  piece  of  pure  steel,  about  6  inches  long, 
a  perforation  is  made  in  the  middle,  over  which  a  brass 
cap  is  soldered  on,  having  its  inner  cavity  conical,  so  as 
to  play  freely  on  the  stile  or  pivot,  which  has  a  fine  steel 
point.  To  giv«tbeneedleits  verticity,  ordirective  faculty,  , 
it  is  rubbed  or  stroked  leisurely  on  each  pule  of  a  magnet, 
from  the  south  pole  towards  the  north;  first  beginning 
with  the  northern  end,  and  going  back  at  each  repeated 
stroke  towards  the  south:  being  careful  not  to  give  a 
stroke  in,  a  contrary  direction,  which  would  counteract 
the  power  it  had  already  obtained.  Also  the  hand  should 
not  return  directly  back  again  the  same  way  it  came,  but 
should  return  in  a  kind  of  oval  figure,  carrying  it  about 
6  or  8'  inches  beyond  the  point  where  the  touch  ended, 
but  not  beyond  on  the  side  where  the  touch  begins,. 

Before  touching,  the  north  end  of  the  needle,  in  our 
hemisphere,  is  made  a  little  lighter  than  the  other  endj 
because  the  touch  always  destroy  an  exact  balance,  and 
thus  causing  the  needle  to  dip.  And  if,  after  toucbing, 
the  needle  be  out  of  its  equilibrium",  something  must  be 
filed  off  from  the  beavior  side,  till  it  be  found  to  balance 
evenly. 

Needle*  may  also  acquire  the  magnetic  virtue  by  means 
of  artificial  magnetic  bars  in  the  following  manner  :  lay 
two  equal  needles  parallel,  and  about  an  inch  asunder, 
with  the  north  end  of  one  and  the  south  end  of  the  other 
pointing  the  same  way,  and  apply  two  conductors  in  con- 
tact with  their  ends:  then,  with  two  magnetic  hard  bars, 
one  in  each  baud,  and  held  as  nearly  horizontal  as  can  be, 
with  the  upper  ends,  of  contrary  names,  turned  outwards 
to  the  right  and  left,  let  a  needle  be  stroked  or  rubbed 
N  « 
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from  the  middle  to  both  ends  at  the  uma  time,  for  ten  or  increase  the  otlier  wny,  or  towards  the  weat,  making  tp- 
twdve  times,  the  north, eod  of  a  bar  going  otit  the  south  parcDt  vibratory  motions  between  certain  limits  ;  which 
end  of  a  needle,  and  the  south  end  of  abkr  going  over  tbe  happened  accordingly :  andupon  this  variatinnhe  proposed 
north  end  of  a  needle :  then,  without  moving  from  the  a  method  of  finding  the  longitude,  which  has  been  further 
place,  change  hands  with  the  bars,  or  in  the  same  hands  improved  by  many  others  since  his  time,  though  with  very 
turn  the  other  ends  downwards,  and  stroke  the  other    little  success.     See  Variation. 

needle  in  tbe  same  manner ;  so  will  they  both  be  magneti-  The  period  of  the  variation,  according  to  Mr.  Henrjr 
cal.  But  to  make  them  still  stronger,  repeat  the  opera-  Philips,  is  only  370  years,  but  Mr.  Bond  600  years,  and 
tion  three  or  four'timea  from  needle  to  needle,  and  lastly  their  yearly  motion  36  minutes.  The  first  good  obser- 
tum  the  lower  side  of  each  needle  upwards,  and  repeat  vations  of  the  variation  were  made  by  Burrowi-s,  about 
(be  operations  of  touching  thetn,  as  on  the  former  sides.  the  year  1^80,  when  the  variation  at  London  was  1 1°  15' 
The  needles  that  were  formerly  applied  to  the  compass,  eatt ;  and  since  that  time  the  needle  has  been  moving  to 
on  board  merchant-ships,  were  formed  of  two  pieces  of  the  westward  at  that  place;  also  by  the  observations  of 
steel  wire,  each  being  bent  in  the  middle,  so  as  to  form  differctii  persons,  it  has  been  found  to  point,  at  different 
au  obtuse  angle,  while  their  endii,  being  applied  together, 
make  an  acute  one,  so  that  tbe  whole  represented  the  form 
of  a  losenge.  Dr.  Knight,  who  has  so  mnch  improved 
tbe  compass,  found,  by  repeated  experiments,  that  partly 
from  the  foregoing  structure,  and  partly  from  the  unequal 
hardening  of  tbe  ends,  these  needles  not  only  varied  from 
the  true  direction,  but  from  one  another,  and  from  them- 
selves.— Also  the  needles  formerly  used  on  board  the  men 
of  war,  and  some  of  the  larger  trading  vessels,  were  made 
of  one  piece  of  steel,  of  a  spring  temper,  and  broad  to- 
wards the  ends,  but  tapering  towards  the  middle.  Every, 
needle  of  this  form  is  found  to  have  six  poles  instead  of 
iwo,  one  at  each  end,  two  where  it  becomes  tapering,and 
two  at  the  hole  in  the  middle. 

To  remedy  these  errors  and  inconveniences,  the  needle 
'vbich  Dr:  Knight  contrived  for  his  compass,  is  a  slender 
parallelopipedon,  beingquite  straight  and  square  at  the 
ends,  and  so  has  only  two  polps ;  but  the  curves  area' 
little  confused  about  tbe  hole  in  the  middle,  though  it  is, 
upon  the  whole,  the  simplest  and  best. — Mr.  Micliell  sug- 
gests, that  it  would  be  useful  to  increase  the  weight  and 
length  of  magnetic  needles,  which  would  render  them 
bo^  more  accurate  and  permanent ;  also  to  cover  them 
with  a  coat  of  linseed  oil,  or  varnish,  to  preserve  tbein 
from  rust.T— A  needle  may  be  prepared  occasionally  with- 
out touching  it  on  a  loadstone :  for  a  fine  steel  sewing-nee- 
dle,  gently  laid  on  the  water,  or  delicately  suspended  in 
the  air,  will  take  the  n or th-and -south  direction. — Thus 
also  a  needle  heated  in  the  fire,  and  cooled  again  in  the 

direction  of  the  meridian,  or  only  in  an  erect  position,     in  77  years,  which  is  at  the  rate  nearly  of  $'  a  yes 
acquires  the  same  &cutty.  from  l657  till  1780,or  tbe  spaceof  123  yeare,  it  changed 

Deelinaiion  or  Varial^  qf  ihe  IHekdz^  is  the  deria-  22"  41',  which  is  at  the  rate  of  11' a  year  nearly  ;  which 
tion  of  the  horizontal  needle  from  the  meridian ;  or  the  it  may  be  presumed  is  very  near  the  truth. 
aigle  it  makes  with  tbe  meridian,  when  freely  suspended  The  variation  and  dip  of  the  needle  was  for  many  years 
in  an  horizontal  plane'.  A  needle  is  always  changing  tbe  carefully  observed  by  the  Royal  Society  while  they  met 
line  of  its  direction,  traversing  slowly  to  certain  limits  to-  at  Crane-court;  but  were  discontinued  for  many  yean 
'  wards  the  east  and  west  sides  of  the  meridian.  It  was  at  after  removing  to  their  new  apartmentsin  Somerset-place  ; 
first  thought  that  the  magnetic  needle  pointed  due  north;  though  they  have  lately  been  there  renewed  again. 
but  it  was  observed  by  Cabot  and  Columbus  that  it  had  a  Dipping,  or  IncUnatory  Needle,  is  a  needle  to  show 
deviation  from  the  north,  though  they  did  not  suspect  that  the  dip  of  the  magnetic  needle,  or  how  far  it  points  below 
ibis  deviation  had  itself  a  variation,  and  was  continually     the  horizon. 

changing.  This  change  in  the  variation  was  first  observed,  The  inclination  or  dip  of  the  needle  was  first  observed 
according  to  Bond,  by  Mr.  John  Mair,  secondly  by  Mr.  by  Robert  Norman,  a  compas»>makcr  at  Botcliffe ;  and 
Gunter,  and  thirdly  by  Mr.  Gel li brand,  by  comparing  to-  according  to  bim,tbe  dip  at  that  place,  in  the  year  1576, 
gether  tbe  observations  made  at  different  times  near  the  was  71°  50';  and  at  the  Royal  Society  it  was  observed 
fame  place  by  Mr.  Burrowes,  Mr.  Gunter,  and  himself,  for  some  years  lately  as  follows: 
on  which  subject  he  published  a  discourse  in  l635.'  Soon     ,  ,  viz.  in  1776        -         72°  30" 

after  this,  Mr.  Bond  ventured  to  deliver  the  rate  at  which  1778         -         73     25 

the  variaiion  changes  for  several  years ;  by  which  he  fore-  1780         -         72-17 

told  that  at  London  in   1657  there  would  be  no  variation  .        1805         -        70     25 

■oi  the  compass,  and  from  that  time  it  would  gradually  1808        -        70      1. 


times,  as  1 

t«low: 

y™. 

CH»«i?m. 

VtriM.  E.  or  W. 

1580 

Burrowes 

11"   15' East. 

16S2 

Gunter 

5     56 

1634 

Gc  11!  brand       - 

4       3 

1640 

Bond 

3       7 

1657 

Bond  . 

0       0 

1665 

•Bond 

1     23  West. 

1666 

Bond 

1     36 

1672 

2     30 

l6S3 

- 

4    30 

1692 

. 

6     00 

1723 

Graham 

14     17 

1747 

17     40 

1774 

Royal  Society 

.        21     16 

1775 

Royal  Society 

-         21     43 

1776 

Royal  Society 

21     47 

1777 

Royal  Society 

22     12 

1778 

Royal  Society 

22     20 

1779 

Royal  Society 

22  .  28 

1780 

Royal  Society 

22     41 

1804 

Royal  Society 

24     10 

1805 

Royal  Society 

24      .8 

ieo6 

Royal  Society 

24       9 

1807 

Royal  Society 

24     10 

1808 

Royal  Society 

-       .24     12 

1812 

Royal  Society 

-         24     18 

By  this  table  it  appears  that,  from  the  first  observations 
*)  1580  till  1657,  the  change  in  the  variation  was  11°  15' 
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Mr,  Heory  Bond  make*, the  v&riation  and  dip  o(  the     putationi;  and  tbisii  the  proper  nse concerniag  the  agw. 


needle  d<^end  on  ibe  tsine 

in  their  revolution,  and  upon  it  hi 

discovering  thi:  longitude  at  sea. 

NEEP  Tida.     See  Neap  Tida. 

NJilGATiVE,  in  Algebra,  something  rnarlicd  with  the 
tigQ— ^orminuBiRS  being  contrary  to  such  as  are  positive, 
tiF  inarkfed  with  the  sign  plus,  -t-  ;  as  negative  powers  and 
roots,  negative  quantities,  &c.  See  Power,  Root,  Quan- 
tity,' Stc. 

NeoATi  VB  Sign,  the  sign  of  sabtraciiun  — ,  or  that  which 
desotessomethiog  in  defect.  Stilel  is  the  first  author  I  find 
who  used  this  mark  —  for  subtraction,  or  negation;  be- 
fore bifi  time,  the  word  minus  itself  was  used,  or  else  its 
initial  nt. 

e  of  the  negative  sign  in  algebra)  is  attended 


■everai  consequt 


of  the  magnetic  poles  without  which  the  operation  could  not  proceed, 
founded  a  method  of  cause  a  quantity  to  be  subtracted  is  never  produced,  ia  . 
composition,  by  any  repeated  addition  of  a  positive,  or  re> 
pcated  subtraction  of  a  negative,  a  amative  square  num- 
ber is  never  prdduced  by  composition  from  a  root.  Hence 
the  n/~  I,  or  the  tqusre  root  of  a  negative,  implies  an 
imaginary  quaniity.and  in  resolution  is  a  mark  crcharac- 
terofthe  impossible  cases  of  a  problem,  unless  it  is  com-' 
pensated  by  another  imaginary  symbol  or  supposition,  for 
then  the  whole  expressioii  may  have  a  real  significaiiao. 
Thus  I  +  V'-l.  aid  l-v'  — 1,  taken  separately,  ar« 
both  imaginary,  but  yet  their  sum  is  the  number  2  :  as  tha 
conditions  that  separately  would  render  the  solution  of  S 
problem  impossible,  in  some  cases  dettroy  each  otber** 
etfect  when  conjoined.     In  the  pursuit  of  general  conclu- 


s  which  at  first  sight  arc  not  admitted     sionsjBnd  ofsimple  forms  for  representing  them, expreasiom 


without  some  difficulty,  and  bus  »ometimes  given  occasion 
to  notions  tbat.seem  to  have  no  real  foundation.  This  sigo 
implies,  that  the  real  value  of  the  quantity  represented  by 
the  letter  to  which  it  is  prefixed,  is  to  be  subtracted ; 
it  serves,  with  the  positivi 
ments  or  parti  enter  into  tbc  ci 
and  in  what  manner,  whether  as  ii 
that  is  whether  by  addition  or 
great  use  in  algebra. 

Hence  it  serves  to  express  a  quantity  of  an  opposite 
quality  to  a  positive;  such  as  a  line  in  a  contrary  posi- 
tion, a  motion  with  opposite  direction,  or  a  centrifugal 
force  in  opposition  to  gravity ;  and  thus  it  of^n  saves  the 
trouble  of  distinguishing,  and  demonstrating  separately, 
the  various  cases  of  proportions,  and  preserves  their  ana- 
logy in  view.     But  as  the  proportions  of  lines  depend  on 


of  thi 

syi 


kind  t 


a  keep  in  view  what  ele- 
imposition  of  quantities, 
icremeuts  or  decrements, 
lubtraction,  which  is  of 


sometimes  arise,  where  the  im^naiy 
i  compensated  in  a  manner  that  is  not  always  so 
By  proper  substitutions,  however,  the  expression 
may  be  transformed  into  another,  wherein  each  particular 
term  may  have  a  real  sigitificatioD,  as  well  as  the  wbule 
expression. 

The  theorems  that  are  sometimes  brieSy  discovered  by 
the  use  uf  this  symbol,' may  be  demonstrated  without  it 
by  the  inverse  operation,  or  some  other  way  ;  and  thouch 
such  symbols  are  of  great  use  in  the  computations  in  toe 
method  of  fluxions,  trigonometry,  &c,  their  evidence  can> 
not  be  said  to  depend  upon  any  arts  of-  this  kind.  S^ 
Maclaurin's  Fluxions,  book  3,  chap.  1  ;  Maseres's  Use  of 
the  Negative  Sign,  Ludlam's  Algebra,  and  Carnot's  Geo> 
metrie  dc  Position. 

For  the  rules  or  ways  of  using  the  negative  sigtt  in  the 


their  magnitude  enly,  without  r^ard  to  their  position  ;  and  several  rules  of  algebra,  see  those  rules  severally,  viz,  Adsi> 

motions  and  forces  are  said  to  be  equal  or  unequal,  in  any  Tiqif,  Sdbthaction,  Mvitiplication,  &c.  And  for  th* 

given  ratio,  without  regard  to  ibcir  directions;  and  in  ge-  method  of  managing  the  roots  of  negative  quantities,  see 

neral  the  proportion  of  quantities  relates  to  .their  magni-  Iif  possibles. 

tude  only,  without  determining  whether  they  are  to  be  con-  ■     NEIL  (William),  an  ingenious  mathematician,  son  of 

sidered  as  increments  or  decrements;  so  there  is  uo  ground  Sir  Paul  Neil,  usher  of  the  privy  chamber  to  King  Charles  1, 

M  imagine  any  other  proportion  of  -c  a  and  ~  6,  than  and  was  grandson  of  Dr.  Rd.  Neil,  archbishep  of  Vork. 

thatoftbe  real  magnitudes  of  the  quantities  represented  by  He  was  born  Dec.  7,  1637,  and  was  educated  at  Oxford, 

a  and  b,  whether  these  quantities  are,  in  any  particular  in  Wad  ham- col  lege,  under  Dr.Wilkins;  by  whose  instruc- 

case,  to  be  added  or  subtracted.  tions,  and  those  of  Dr.  Seth  Ward,  he  greatly  improved 

As  to  the  usual  arithmetical  operations  of  addition,  his  geitius  in  mathematics.     His  success  in  that  study 

subtraction,  ficc,  the  case  is  different,  aa  the  effect  of  the  appeared  as  early  as  1637)  at  19  years  of  age,  when  he, 

negative  sign  is  here  to  be  carefully  attended  to,  and  is  to  first  of  any  one,  accnrately  rectified  a  curve  line,  the  se- 

be  considered  always  as  producing,  in  those  operations,  micubical  parabola,  as  was  testified  by  the  letters  of  De. 

ao  effect  directly  opposite  to  the  positive  sign.     Thus,  it  is  Wallis,  Lord  Vbcount  Brouncker,  and  Sir  Chr.  Wren, 

the  same  thing  to  subtract  a  decrement,  as  to  add  an  printed  in  the  Philos.  Trans,  an.  l673,  and  my  Abridg. 

equal  increment,  or  to  subtract  —  b  from  a  —  b,  is  to  add  vol.  2,  pa.112.— Mr.  Neil  became  an  early  member  of  the 

-t-  b  to  it:  «nd  because  multiplying  a  quantity  by  a  n^  Royal  Society,  of  which  he  was  elected  a  fellow  in  ]663. 

gative  number,  implies  only  a  repeated  subtraction  of  it.  And  his  Tbeory  of  Motion  was  communicated  to  the  so- 

the  multiplying  —  6  by  —  n,  is  subtracting  —  bu  often  as  'ciety  in  ,1 66s.     But  the  further  expectations,  which  had 

there  are  unit«  in  n,  and  is  therefore  equivalent  to  adding  been  conceived  of  his  genius  in  mathematical  and  philoso- 

•*■  i  so  many  times,  or  the  same  as  adding  -i-  tib.     But  if  phical  subjects, <vere  disappointed  byJiis  early  death,  which 

we  infer  from  this,  that  I  ia  to  —  n  'as  —  i  to  nb,  accord-  happened  ]670,  in  the  33d  year  of  bis  age. 


ing  to  the  rule,  that  unit  is  to,  one  of  the  factors  as  the  , 
other  factor  is  to  the  product,  there  is  not  ground  to  ima- 
gine that  there  is  any  mystery  in  this,  or  any  other  mean- 
ing than  that  the  real  quantities  repreaentetl  by  1,  >i,6,  and 
nb  are  proportional.  Fur  that  rule  relates  only  to  the 
magnitude  of  the  factors  and  product,  without  determin- 
ing whether  any  factor,  or  the  product,  is  additive  or  sub- 
tractive.     But  ibb  must  be  detcrmlued  in  algebraic  com- 


NEPER.     SeeNAFie: 

NEWEL,  the  upright  poat  that  stairs  turn  about;  being 
that  part  «f  thestaircase  which  sustains  the  steps. 

NEWTON  (Dr.  John),. an  eminent  English  mathema^ 
tician  and  divine,  was  the  grandsoti  of  John  Newton  of 
Axmouth  in  Devonshire,  and  sun  of  Humphrey  Newton 
of  Oundle  in  Northamptonshire,  where  be  was  born  in 
1633,     After  receiving  the  proper  foundation  of  a  g^am- 
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:o  OxfurJ,  where  he  wu  ancient  and  opulent  family  of  the  Ayscoughs,  or  Askew^, 

und's-hall  in  1637.     He  of  the  tame  coaniy.     Our  author  tusing  his  t'uchcr  ivhile 

took  the  degree  of  bachelor  of  arts  iti  l6il ;  and  the  year  he  was  very  young,  ihe  care  of  hi>  education  drvoivid  on 

following  he  was  created  master,  in  precedence  to  many  his  mother,  who,  thoughsbe married  againaficr  bis  father's 

students  of  quality,  on  account  of  his  distinguished  talents  death,  did  not  neglect  to  improve  by  a  liberal  education 

in  the  great  branches  of  literature.     His  genius  Uading  the  promising  genius  that  nas  observed  in  her  son.     At  1  2 

htm   strongly  to   astronomy  and    mathematics,   heap-  years  of  age,  by  the  advice  of  his  matembl  uncle,  he  was 

plied  himself  diligently  to  those  sciences,  as  well  es  to  sent  to   the   grammar  school  at  Grantham,  where    he 

divinity,  and  made  a  great  proficiency  in  them,  which  made  a  good  proticiency  in  the  languages,  and  laid  the 

he  found  of  some  service  to  him  during  Cromtvell's  go-  foundatiun  of  his  future  studies.     Even  here  was  observed 

'  vernment.  >  in  faini  a  strong  inclination  to  figures  and  philosophical 

After  the  restoration  of  Charles  the  2d,  he  reaped  the  subjects.   One  trait  of  this  eaily  disposition  is  told  of  him  : 

fruits  of  his  loyalty  :  being  created  doctor  of  divinity  at  he  had  then  a  rude  method  of  measuriog  the  force  of  the 


O.xford,  Sept,  166 1,  he  was  made  one  of  the  king's  chap- 
lains, and  rector  of  Ross  in  Herefor(ishire,  instead  of  Mr. 
John  Toombi'S,  ejected  for  nonconformity.  He  held  this 
living  till  his  deatii,  which  happened  at  Huss  on  Christmas 
day  1678,  at  56  years  of  age. 

Mr.  Wood  gave  him  the  character  of  a  capripious  and 
faumorsume  peraon.  However  that  be,  his  writings  area 
proof  of  his  great  application  to  study,  and  a  sufficient 
monument  of  his  gettius  and  skill  in  the  mathematical  sci- 
ences-    These  are, 

1.  Ittstitutio  Maihematica:     1654',  in  13rao. 

2.  Tabulae  Mathematics:  l654,  in  13mo. 

3.  Astronomia  Britaunica,  &C  :    l656,  in  410. 

4.  Help  to  Calculation;  with  Tablesol  Declination, &c: 
1 657,  4to. 

5.  Trigonometria  BriCannica,  in  2  books;  the  one  com- 
posed by  our  author,  and  Ihe  other  trausUted  fron)  the 
lAtin  of  Henry  Gellibrand  :   1656,  folio. 

6.  Chiliades  Centum  Logarithmorum,   printed    with, 

7.  Geometrical  Trigonometry:  1669. 

8.  Mathematical  Elt-menls,  3  parts :  ]66o,  4ito. 

9.  A  Perpetual  Diary,  or  Almanac:   l6ti2. 

10.  On  the  Use  of  the  Carpenter's  Rule  ;  1667. 

1 1.  Ephcmerides,  showing  the  interest  and  rale  of  money 
at  6  per  cent.  &c :  I66Y. 

12.  Chiliades  Centum  LogarithraOTum  et  Tabula  Par- 
tium  Pro)>orcioDaliuin:   1667. 

13.  The  Rule  of  Interest,  or  the  Case  of  Decimal  Frac- 
tions, &c,  part  2  :  1668,  Svo. 

14.  School -pastimes  for  young  children,  &C:  1669,  Svo. 

15.  Art  of  Practical  Gauging,  &c :    I669. 

16.  Introduction  to  the  art  of  Rhetoric:  l671. 

17.  The  Art  of  Natural  Arithmetic  in  Whole  Numbers, 
and  Fractions  Vulgar  and  Decimal :   1671,  8vo. 

iS.  The  English  Academy:  l677,8vo. 

19.  Cosmography. 

20.  Introduction  to  Astronomy. 

21.  Introduction  to  Geography:  l678,  8' 


inil  blowing  i^ainst  him,  by  observing  how  much  farther 
he  could  leap  in  the  direction  of  the  wind,  or  blowing  on  his 
hack,  than  he  could  leap  the  contrary  way,  or  opposed  to 
iLe  wind :  an  early  mark  of  his  uriginal  infantine  genius. 

After  a  few  years  spent  here,  his  mother  took  him  home; 
intending,  as  she  had  no  other  child,  to  have  the  pleasure 
of  his  company  ;  and  thai,  after  the  manner  of  his  father 
before  him,  he  should  occupy  hisown  estate.  But  instead  of 
attending  to  tlic  marki'ts,  or  the  business  of  ihe  farm,  he 
was  occupied  in  studying  and  poring  over  his  books,  even 
by  stealth,  from  his  mother's  knowledge.  On  one  of  these 
occasions  his  uncle  discovered  him  one  day  in  a  hay-loft 
at  Grantham,  whither  he  had  been  sent  to  the  market, 
'  workinci  a  mathematical  prublem  ;  and  having  otherwise 
obset  vcd  the  boy's  mind  to  be  uncommonly  bent  upon  learn- 
ing, he  prevailed  upon  his  sister  to  part  uith  him;' and  he 
was  accordiiigly  sent,  in  1660,  to  Trinity-college,  in  Cam- 
bridno,  where  his  uncle,  having  himselt  been  a  member  of 
ii,  hiiti  still  muny  friends.  Isaac  was  here  noticed  by  Dr, 
Burrow,  wlio  was  soon  after  appointed  the  first  Lucastan 
professor  of  mathematics;  and  observing  his  bright  genius, 
contracted  a  great  friendship  for  him.  At  his  outselling 
here,  Euclid  was  first  put  into  his  hands,  as  usual,  but 
that  author  was  soon  dismissed  ;  our  author's  genius  and 
application  soon  rendering  him  master  of  the  Elements: 
and  as  the  analytical  method  of  Descartes  was  then  much  in 
vogue,  he  particularly  applied  to  it,  and  Kepler's  Optics, 
&c,  making  several  improvements  on  them,  which  he  en-  ' 
tered  on  the  margins  of  the  books  as  he  went  on,  as  bis 
custom  was  in  studying  any  author. 

Thus  he  was  employed  till  the  year  1664,  when  he 
opened  a  way  into  his  new  method  of  I'luxioos  and  Infinite 
Series  ;  and  the  same  year  took  the  degree  of  bachelor  of 
arts.  In  the  mean  time,  observing  that  the  mathemati- 
cians were  much  engaged  in  the  business  of  improving 
telescopes,  by  grinding  glasses  into  one  of  the  figures  made 
by  the  three  sections  of  a  cone,  on  Ihe  principle  then  ge- 
nerally entertained,   that  light  was  homi^enc 


NEWTON  (Sir  Isaac),  one  of  the  greatest  philosophers  himself  to  grinding  of  optic  glasses,  of  other  figijres  than 

and  tnatheniaticians  the  world  has  produced,  was  born  at  spherical,  having  as  yet  no  distrust  of  the  homogeneous 

Woolstrop  in  Lincolnshire  on  Christmas  day  l642.     He  nature  of  light:  but  not  hitting  presently  on  any  thing  in 

was  descended  from  the  eldest  branch  of  the  fantily  of  Sir  this  attempt  to  satisfy  his  mind,  he  procured  a  glass  prism, 

John  Newton,  Bart,  who  were  lords  of  the  manor  of  Wool-  that  he  might  try  the  celebrated  phenomena  of  colours, 

strop,  and  had  been  possessed  of  the  estate  fur  about  two  discovered  by  Grimaldi  not  long  before.     He  was  much 

centuries  before;  to  which  they  had  removed  from  West-  pleased  at  first  with  the  vivid,  brightness  of  the  colours 

ley  in  the  same  county,  but  originally  they  came  from  produced  by  this  experiment;  but  after  a  while,  consider^ 

the  town  of  Newton  in  Lancashire.     Other  accounts  say,  ing  them  in  a  philosophical  way,  with  that  circumspection 

-1  thiuk  more  truly,  that  he  was  the  only  child  of  Mr.  which  was  natural  to  him,  he  was  surprised  to  see  them  in 

John  Newton  of  Colesworth,  near  Grantham  in  Lincoln-  an  oblong  form,  which,  according  to  the  received  rule  of 

shire,  who  bad  there  an  estate  of  about  120/.  a  yeaf,  refractions,  ought  to  be  circular.     At  first  lie  thought  the 

which  be  kept  ia  hia  own  htnda.    His  mother  was  of  the  im^larity  might  possiUy  be  no  more  than  accidental ; 


y  Google 


NEW  C 

but  this  was  what  he  could  not  leave  without  further  in- 
quiry :  accordingly,  he  soon  invented  an  infallihle  method 
of  deciding  the  cjuestjon;  and  the  result  was,  bis  New 
'Ilieory  »f  Light  anJ  Colours. 

However,  the  theory  alone,  unexpected  and  surprising 
as  it  was,  did  not  satisfy  him  ;  he  rather  considered  the 
proper  use  that  rf^ight  be  made  of  it  for  improving  tele- 
scopes, which  was  his  first  design.  "^  To  this  end,  having 
now  discovered  that  light  was  not  homogeneous,  but  an 
heterogeneous  mixture  of  differently  refrangible  rays,  he 
compute^  the  errors  arising  from  this  different  refrangi- 
bility;  end,  finding  them  to  exceed  some  hundreds  of  times 
those  occasioned  by  the  circular  figure  of  the  glasses,  he 
threw  aside  bis  glass  wcirks,  and  look  reflections  into  con- 
sideration. He  was  now  sensible  that  optical  instruments 
might  be  brought  to  any  degree  of  perfection  desired,  in 
case  there  could  be  found  a  reflecting  substance  which 
would  polish  as  finelyas  glass,  and  reflect  as  much  light  as 
glass  transmits,  and  the  art  of  giving  it  a  parabolical  figure 
be  also  attained  :  but  these  seemed  to  him  very  great  difG- 
-  cuIiik;  nay,  he  almost  thought  them  insuperable,  when 
he  further  considered,  that  every  irr^ularily  in  a  reflecting 
superficies  makes  the  rays  deviate  5  or  6  tiroes  more  from 
their  due  course,  than  the  like  irregularities  in  a  refracting 
one. 

Amidst  these  speculations,  he  was  forced  from  Cam- 
bridge, in  1666,  by  the  plague;  and  it  was  more  than  two 
years  before  be  made  any  further  progress  in  the  subject. 

I  However,  he  was  >far  from  passing  his  time~  idly  in  the 
country;  on  the  contrary,  it  was  here,  at  this  time,  tha^ 
he  first  started  the  hint  that  gave  rise  to  the  system  of  the 
world,  which  is  the  main  subject  of  the  Principia.  In 
his  retirement,  he  was  sitting  alone  in  a  garden,  when 
some  apples  falling  from  a  tree,  led  his  thoughts  upon  the 
subject  of  gravity;  and,  refiecting  on  the  power  of  that 
principle,  he  began  to  consider,  that,  as  this  power  is  not 
found  to  be  sensibly  diminished  at  the  remotest  distance 
from  the  .centre  of  the  earth  to  which  we  can  rise,  neither 
at  the  tops  of  the  loftiest  biuldings,  nor.  on  the  summits 
of  the  highest  mountains,  it  appeared  to  him  reasonable 
to  conclude,  that  this  power  must  extend  much  farther 
than  is  usually  thought.  "  Why  not  as  high  as  the  moon  ?'' 

,  uid  he  to  himself;  "and  if  90,  her  motion  must  be  in- 
fluenced by  it ;  perhaps  she  is  retained  in  her  orbit  by  it : 
however,  though  the  power  of  gravity  is  not  sensibly 
weakened  in  the  little  change  of  distance  at  which  we  can 
place  ourselves  from  the  centre  of  the  earth,  yet  it  is  very 
possible  that,  at  the  height  of  the  moon,  this  power  may 
diiier  in  strength  much  from  what  it  is  here,"  To  make 
an  estimate  what  might  be  the  degree  of  this  diminution, 
he  considered,  that  if  the  moon  be  retained  in  her  orbit  by 
the  force  of  gravity,  no  doubt  the 'primary  planets  are 
carried  about  the  sun  by  the  like  power ;  and,  by  com- 
paring the  periods  of  the  several  planets  with  tt>eir  dis- 
tances from  the  sun,  he  found,  that  if  any  power  like  gra- 
vity held  them  in  their  courses,  its  strength  must  decrease 
in  (he  duplicate  proportion  of  the  increase  of  distance. 
This  he  concluded,  by  supposing  them  to  move  in  perfect 
circles,  concentric  to  the  sun,  from  which  the  orbits  of 
the  greatest  part  of  them  do  not  much  differ.  Supposing 
therefore  the  force  of  gravity,  when  extended  to  the  moon, 
to  decrease  in  the  same  mdnner,  be  computed  whether 
that  force  would  be  sufficient  to  keep  the  moon  in  her 

In  this  computation,  being  absent  from,  books,  he  took 
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the  common  estimate  in  use  among  the  geographers  and 
our  seamen,  before  Norwood  had  measured  the  earth, 
namely,  that  60  miles  make  one  degree  of  latitude ;  but 
as  that  is  a  very  erroneous  supposition,  each  degree  con- 
taining about  69^\  of  our  English  miles,  his  computatioQ 
upon  it  did  not  make  the  power  of  gravity,  decreasing  in 
a  duplicate  proportion  to  the  distance,  answerable  to  the 
power  which  retained  the  moon  in  her  orbit:  whence  ho 
concluded,  that  soine  other  cause  must  at  least  join  with 
the  action  of  the  power  of  gravity  on  the  moon.  For  this 
reason  he  laid  aside,  for  that  time,  any  further  thoughts  on 
the  matter.  Mr.  Whistoo  (in  bis  Memoirs,  pa,  33)  says, 
he  told  him  that  he  thought  Descartes's  vortices  might 
concur  with  the  action  of  gravity. 

Nor  did  he  resume  this  inquiry  o'n  his  return  to  Cam- 
bridge, which  was  shortly  after.  The  truth  is,  his  thoughts 
were  now  engaged  on  his  newly  projected  reflecting  tele- 
scope, of  which  he  made  a  small  specimen,  with  a  metal- 
lic reflector  spherically  concave.  It  was  but  a  rude  essay,, 
chiefly  defective  from  the  want  of  a  good  polish  for  the 
metal ;  which  instrument  is  now  in  the  possession  of  the 
Royal  Society.  In  1067  he  was  chosen  fellow  of  his  col- 
lie, and  took  the- degree  of  master  of  arts.  And' ia 
1069,  Dr.  Barrow  resigned  to  him  the  mathematical  chair 
at  Cambridge,  the  business  of  which  appointment  inter-  - 
ruptcd  for  a  while  bis  attention  to  the  telescope :  howeverf . 
as  his  thoughts  had  been  for  some  time  chiefly  employed 
upon  optics,  he  made  his  discoveries  in  that  science  the 
subject  of.hts  lectures,  for  the  first  three  years  after  he 
was  appointed  mathematical  professor;  and  having  now' 
brought  his  Theory  of  Light  and  Colours  to  a  considera- 
ble degree  of  perfection,  and  having  been  elected  a  fellow 
of  the  Royal  Society  in  Jan.  l67i,  he  communicated  It  to 
that  body,  to  have  their  judgment  upon  it;  and  it  wa» 
afterwards  published  in  their  Transactions,  viz,  of  Feb.  jp, 
1673.  This  publication  occasioned  a  dispute  upon  the  . 
truth  of  it,  which  gave  him  so  much  uneasiness,  that  he 
resolved  not  to  publish  any  thing  furtlier  for  a  while  uti 
the  subject;  and  in  that  resolution,  he  laid  up  his  Opti- 
cal LectitTGs,  though  he  had  prepared  them  for  the  press. 
And  the  Analysis  by  Infinite  Series,  which  he  had  intend- 
ed to  subjoin  to  them,  unhappily  for  the  world,  under- 
went the  same  fate,  and  for  the  same  reason. 

In  this  temper  he  resumed  his' telescope ;  and  observing 
that  there  was  no  absolute  necessity  for  the  parabolic 
figure  of  the  glasses,  since,  if  metals  could  begrovnd  truly 
spherical,  they  would  be  able  to  bear  as  great  apertures 
as  men  could  give  a  polish  to,  he  completed  another  in* 
strument  of  the  same  kind.  This  answering  the  purpose 
so  well,  as,  though  only  half  a  foot  in  length,  to  show  the 
planet  Jupiter  distinctly  round,  with  his  four  satellites, 
and  also  Venus- homed,  he  sent  it  to  the  Boyal  Society, 
at  their  request,  together  with'  a  description  of  it,  with 
further  particulars;  which' were  published  in  the  Philoso- 
phical Transactions  for  March  l67i-  Several  attempts 
were  also  made  by  that  society  to  bring  it  to  perfection  ; 
but,  for  want  of  a  proper  composition  of  metal,  and  a 
good  polish,  nothing  succeeded,  and  the  invention  lay 
dormant,  till  Hadley  madehis  Newtonian  telescope  in 
1793.  At  the  request  of  Leibnila,  in  1676,  he  explained 
his  invention  of  Infinite  Series,  ajid  took  notice  how  far 
he  had  improved  it  by  his  Method  of  Fluxions,  which 
however  he  still  concealed,  nnd  particularly  on  this  occa- 
sion, by  a  transposition  of  the  letters  that  make  Dp  the 
two  fuudameutsl  propositions  of  it,  into  an  alphabetical 
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urder;  the  letters  ronc<>Tning  wbich  are  inwrtei]  in  Col-  rived  at  it  himHlf;  he  fitiiihrd  tiis  pi#ce\i)  that  clrgnnt 
lini'i  Commerciiiin  t'.plitulicuin,  primed  ]7I2.  In  the  coiiciscneiii,  which. bud  juslty  gaiiKd  the  aiicieiiit  univer- 
winter  between  the  years  l(J76  and  l677>  be  diKover^d  ul  esteem.  In  fuel,  the  consequenGes  flow  with  luch  ra- 
the grand  proptHtition,  ihat,  by  h  centripetal  Torcc  acting  pidity  from  the  principles,  that  the  reader  i>  often  left  to 
reciprocally  as  the  square  ol  the  distance,  a  planet  roust  supply  a  long  chain  uf  reasoning  to  connect  them  :  m  that 
revolve  in  an  ellipsis,  about  the  centre  of  Ibrce  placed  in  it  required  some  lime  before  the  world  cuuld  understand 
its  lower  focus,  and,  by  a  radius  drfcwD  to  that  ctntrc,  it.  .  the  best  mathematiciani  were  obliged  to  study  it 
deacribe  areas  proponiooal  ta  the  liaKS.  In  168O  he  with  care,  before  they  could  make  themselvei  rooster  of 
made  several  astronomical  observations  on  the  comet  it;  and  those  of  a  lower  rank  durst  not  venture  npoa  it, 
that  then  appeared ;  which,  for  some  considerable' time,  till  encouraged  by  the  testimonies  of  the  more  learned, 
he  took  not  to  be  one  and  the  same,  but  two  different  But  at  last,  when  its  value  became  sufficiently  known,  the 
comets  ;  and  on  this  occasion  several  letters  passed  be-  approbation  which  had  been  so  slowly  gained,  became  uni- 
tween  him  and  Mr.  Flanisteed.  versal,  and  nothing  was  to  be  heard  from  all  quarters,  but 
He  was  still  under  this  mistake,  when  he  received  a  one  general  burst  of  admiration.  "Does  Mr.  Newton 
letter  from  Dr.  Hooke,  explaining  the  nature  of  the  line  eat,  drink,  or  sleep  like  other  men^  says  the  marquis 
described  by  a  falling  body,  supposed  to  be  moved  circU'  de  I'Hospital,  (one  of  the  greatest  nathenaticiaus  of  the 
larly  by  the  diurnal  motion  of  the  earth,  and  perpendicu-  age,)  to  the  English  who  visited  him.  "  I  represent  him 
larly  fay  the  power  of  gravity.  This  letter  put  him  on  to  myself  at  a  celettial  geitius  entirely  disengaged  from 
inquiring  anew  what  was  the  real  figure  in  which  such  a  matter." 

body  moved;  and  that  inquiry,  convincing  him  of  an-  In  the  midst  of  these  profound  mathematical  researches, 

other  mistake  which  he  had  before  fallen  into  concerning  just  before  bis  Principta  went  to  the  press  in  I686,  the 

that  figure,  put  liim  upon  restiming  his  former  thoughts  privilegetof  the  university  being  attacked  by  James  the  3d, 

with  regard  to  the  moon  ;  and  Picart  having  not  long  be-  Newton  appeared  among  its  most  strenuous  defenders,  and 

forr,  vii,  in  1679,  measured  a  degree  of  the'  earth  with  was  on  that  occasion  appointed  one  of  their  detegaies'to 

fuflicient  Rccuracy,  by  using  his  measures,  that  planet  ap-  the  high-commission  court ;  where  they  made  such  a  de- 

pearcd  to  be  retained  in  her  orbit  by  the  sole  power  of  fence,  that  James  thought  proper  to  drop  the  a&ir.    Our 

gravity  ;  and  consequently  that  this  power  decreases  in  the  author  was  also  chosen  one  of  their  membera  for  the  Con- 

duplicate  ratio  of  the  distance;  as  he  had  formerly  con-  vention-Parltainent  in  iSSS,  in  which  he  sat  till  it  was 

jectured.     On  this  principle,  he  found  the  line  described  dissolved. 

by  a  falling  body  to  be  an  ellipsis,  having  one  focus  in  the  Newton's  merit  was  well  known  to  Mr.  Montague,  then 
centre  of  the  earth.  And  finding  by  this  means,  that  the  chancellor  of  the  exchequer,  and  afterwards  earl  of  Hali- 
primary  planet:;  really  moved  in  such  orbits  as  Kepler  had  fax,  who  had  been  educated  at  the  same  college  with  him  ; 
Bupposed,  he  had  the  satisfaction  to  see. that  this  inquiry,  and  when  he  undertook  the  great  work  of  recoining  the 
which  he  had  undertaken  at  first  out  of  mere  curiosity,  money,  he  fixed  his  eye  upon  Newton  for  an  assistant  in 
could  be  applied  to  the  greatest  purposes.  Hereupon  he  it;  and  accordinf>ly,  in  l6'96,  he  was  appointed  warden 
drew  up  abont  a  dozen  propositions,  relating  to  the  mo>  of  the  mint,  in  which  employment,  he  rendered  very  sig- 
tion  of  the  primary  planets  round  the  sun,  which  were  nal  service  10  the  nation.  And  thn-e  years  after  he  was 
communicated  to  the  Royal  Society  in  the  latter  end  of  promoted  10  be  master  of  the  mint,  a  place  worth  13  or  ' 
l583.  Becoming  thus  known  to  Dr.  Halley,  that  gentle-  15  hundred  pounds  per  annum,  which  he  held  till  hi* 
man,  who  had  attempted  the  demonstration  in  vain,  ap-  death.  On  this  promotion,  he  appointed  Mr.  Whisloa 
plied,  in  August  i6B4,  to  Newton,  who  assured  him  that  his  deputy  in  the  mathematical  professorship  at  Cam- 
he  had  abaolntely  completed  the  proof.  This  was  also  bridge,  giving  him  the  full  profits  of  the  place,  which  ap- 
registcred  in  the  books  of  the  Royal  Society;  at  whose  pointment  itself  he  also  procured  for  him  in  1703.  The 
earnest  solicitation  Newton  finished  the  work,  which  was  same  year  our  author  was,  chosen  president  of  the  Royal 
printed  under  the  care  of  Dr.  Halley,  and  came  out  about  Society,  a  situation  which  he  held  till  his  death,  having 
midsummer  l687,  under  the  title  of,  Fhilosophie  Natu-  then  presided  over  it  for  25  years;  he  had  also  been 
ralit I'rinciiua  Mathematica, containing  in  the  third  book,  chosen  a  member  of  the  Royal  Academy  of  Sciences  at 
the  Cometic  Astronomy,  which  had  been  lately  discovered  Paris  in  16991  ^  ^'^'■n  &>  the  new  regulation  was  made 
by  him,  and  now  made  its  first  appearance  in  the  world  :  for  admitting  foreigners  into  that  society, 
a  work  which  may  be  considered  as  the  production  of  a  From  the  first  discovery  of  the  heterogeneous  mixture, 
celestial  intelligence,  rather  than  of  a  man.  of  light,  and  the  production  of  colours  thence  arising,  he 
This -work  however,  in  which  the  great  author  has  built  had  employed  a  great  part  oFhis  time  in  bringing  the  ex-, 
a  new  system  of  natural  philosophy  on  the  most  sublime  periroent,  on  which  the  theory  is  foupded,  to  a  degree  of 
geometry,  did  not  meet  at  first  with  all  the  applause  it  de-  exactneu  that  might  satisfy  himself.  The  truth  ii,  this 
served,  and  which  it  was  destined  one  day  to  receive,  seems  to  have  been  his  favourite  invention;  30  j'ears  he 
Two  reasons  concurred  in  producing thiseffect:  Descartes  had  spent  in  this  arduous  task,  before  he  published  it  )n 
bad  then  got  full  possession  of  the  opinion  of  the  scientific  1704.  In  infinite  series  and  fluxions,  apd  in  the  power 
world.  His  philosophy  was  indeed  the  creature  of  a  fine  and  rule  of  gravity  in  preserving  the  solar  system,  there 
imagiitation,  gaily  drcued  out:  he  had  given  her  likewise  had  been  some,  though  distant  hints,  given  by  others  be- 
■ome  of  nature's'fiac  features,  and  painted  the  rest  to  a  fore  him  :  whereas  in  dissecting  a  ray  of  light  into  i(s  pri- 
seeming  likeness  of  ber.  On  the  other  hand,  Newton  bad  mary  constituent  particles,  which  then  admitted  of  no 
with  an  unparalleled  penetration,  and  force  of  genius,  further  separation ;  in  the  discovery  of  ihe  different  refrain 
pursued  nature  up  to  her  most-secret  abode,  and  was  in-  gibility  of  theie  partides  thus  separated  j  and  that  these 
tent  lo  demonstrate  her  residence  to  others,  rather  than  <»>nstituent  rajrs  had  each  its  own  peculiar  colour  inbo* 
enxiooi  to  describe  pvticuUrly  the  way  by  which  he  sr-  rent  in  it;  Uiet rays  fitlltiig  in  the nme angle  of  iaddtstce 
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IiavF  alternate  iQtt  of  rodectiua  and  refrBction  ;  ibal  bodies  . 
ATc  rendered  irsiuparcnt  by  the  mjauteneiiiof  tlieir  pores, 
and  become  opftque  by  having  them  large;  end  ihuc  tlie 
most  Iransparent  body,  by  having  fin  extreme  Ihiniirss, 
will  become  less  pervious  totheiigbt:  in  all  Ihesi-,  »hich 
make  up  bis  new  theory  of  light  and  colours,  be  was  ab- 
solutdy  and  entirely  tbc  first  inventor  ;  and  as  the  Bubject 
is  of  tbc  raost  subtle  and  delicate  nature,  he  thought  it 
necessary  to  be  bimself  the  last 'finisher  of  it. 

In  fact,  the  afhir  that  chiefly  employed  his  rvsearches 
for  10  many  jears,  was  far  from  being  confined  lu  ibe 
subject  of  light  alone.  On  the  Contrary,  all  that  we 
know  of  natural  bodies,  seemed  to  be  coinprdicndt^d  in 
it ;  he  had  found  out,  that  there  was  a  natural  action  at 
s  distance  between  light  and  other  bodies,  by  which  both 
the  reflections  and  retractions,  as  well  as  inileclions,  of 
tbc  former,  were  constantly  produced.  To  asci?rtain  tlic 
force  and  exttnt  of  this  principle  of  action,  was  wbiit  bad 
all  along  engaged  his  thoughts,  and  what  after  all,  by  its 
extreme  subtlety,  neaped  his  most  penetrating  spirit. 
However,  iLougb  he  has  not  made  so  full  a  discovery  of 
this  principle,  which  directs  the  course  of  light,  as  be  bus 
in  regard  to  the  power  by  which  the  pliLiicis  arc  kf^pt  io 
thc'ir  courses ;  yet  he  gave  the  best  possible  directions  for 
such  as  should  be  disposed  to  carry  on  the  work,  and  fur- 
nished matter  abundantly  sufficient  to  animate  them  to 
the  pursuit.  He  has  indeed  hereby  opened  a  way  of  passing 
from  optics  to  an  entire  system  of  physics  ;and,  if  we  con- 
sider his  queries  as  containing  the  history  of  a  great  man's 
first  thoughts,  even  in  that  view  they  must  be  always  at 
least  entertainin^and  curious. 

I'bis  same  year,  and  in  the  same  book  with'liis  Optics, 
he  jiublisbed,  for  the  first  time,  his  Method  of  Fluxions. 
It  has  been  already  observed,  that  ihrse  two  inventions 
were  iiitmdcd  for  the  public  so  long  before  as  l672  ;  but 
were  laid  by  then,  in  order  to  prevent  his  being  engaged 
QU  that  account  in  a  dispute  about  them.  And  it  is  not 
a  little  remarkable,  that  even  now  this  last  piece  proved 
the  occasion  ofanothtr  dispute,  which  continued  for  many 
years.  Ever  since  ifiS*,  Leibnitz  seems  to  have  claimed 
the  honour  of  having  first  invented  this  method.— Newton 
saw  his  design  from  the  beginning,  and  bad  sufliciently 
obviated  it  in  the  first  edition  of  the  Principia,  in  l667 
(vii,  in  the  Scholium  to  the  2d  h  nwia  of  the  ?d  book)  : 
and  with  the  same  view,  when  he  now  publiihed  that 
method,  he  took  occasion  to  acquaint  the  world,  that  he 
invented  it  in  the  years  1665  tind  1666.  ]a  the  Acta 
Kruditorum  of  Leipsic,  where  an  account  is  given  of  this 
book,  the  author  of  that  account  ascribed  the  invention 
to  Leibnitz,  intimating  that  Newton  burrowed  it  from 
biro.  Dr.  Keill,  the  astronomical  professor  at  Oxford, 
undertook  Newton's  defence;  and  after  several  ^sivers 
on  both  sides,  Leibnit^  complaining  10  tbc  Koyai  ifficiity, 
this  body  appointed  a  couiraiitce  vf  their  members  to  ex- 
amine the  merits  of  the  case.  These,  after  considering 
all  the  papers-  and  Utters  relating  10  the  point  in  contro- 
versy, decided  in  favour  of  Ncuion  and  Keill;  as  is  re- 
lated at  large  iu  the  life  of  this  last- mentioned  gentleman } 
and  itiesc  papers  themsehes  were  published  in  1712,  under 
lheiitlcofCommerciumEpistolicumJohannisCollins,Svo. 

In  1705,  the  honour  of  knighthood  was  conferred  upon 
our  author  by  queen  Anne,  in  consideration  of  his  great 
merit.  And  in  1714  he  was  applied  to  by  the  House  of 
Commons,  fur  his  opinion  on  a  new  method  of  discovering 
the  longitude  at  tea  by  signals,  which  had  been  laid  before 
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them  by  Ditton  and  Whiston,  in  order  tt>  ppocbrc  their 
encouragement ;  but  the  petition  was  thrown  aside  oa ' 
reading  Newton's  paper  delivered  to  the  committee. 

Tiie  following  year,  1715,  Leibniti,  with  the  view  of 
bringing  the  world  more  easily  into  the  belief  that  New- 
ton bad  taken  the  method  of  fluxions  from  his difiereotial 
method,  attempted  to  foil  his  mathematical  skill  by  the 
famous  problem  of  the  trajectories,  which  he  therefore 
proposed  to  the  English  by  way  of  challenge  ;  but  the 
suliition  of  this,  though  the  most  diSicult  proposition  he 
was  able  to  devise,  and  what  might  pa^s  for  an  arduous 
affair  to  any  oilier,  yet  was  hardly  any  more  than  an 
amusement  10  Newton's  penetrating  genius:  he  received 
the  problem  at  i  o'clock  in  the  afternoon^  as  he  was  re- 
turning from  the  Mint ;  and,  though  extremely  fatigued 
with  business,  yet  he  finished  the  solution  before  he  went 

As  Leibnitz  was  privy-counsellor  of  justice  to  the  elector 
of  Hanover,  so  wlicn  that  prince  was  raised  to  the  British 
throne,  Neu  ton  came  more  under  the  notice  of  the  court; 
and  it  WIS  for  the  immediate  satisfaction  of  George  the 
Firsts  that  he  was  prevailed  on  to  put  the  last  hand  to  the 
dispute  about  the  invention  of  fluxions.  In  this  court, 
Caroline  princess  of  ^^'ales,  afterwards  queen-consurt  to 
George  the  Second,  happened  to  have  a  curiosity  for  phi- 
losophical  inquiries;  no  sooner  therefore  was  she  inform- 
ed of  our  author's  attachment  to  the  house  of  Hanover, 
than  she  engaged  bis  conversation,  which  soon  endeared 
him  lu  her.  Here  she  found  in  every  difficulty  that'full 
satisfaction,  which  she  had  in  vain.sought  for  elsewhere: 
and  she  was  often  heard  to  declare  publicly,  that  sh« 
thought  herself  happy  in  coming  into  the  world  al  a  junc- 
ture of  lime,  which  pot  it  in  her  power  to  converse  with 
hiin.  It  was  at  this  princess's  solicitation,  that  he  drew, 
up  an  abstract  of  his  Chronology  ;  a  copyT>f  which  was 
al  her  request  communicated,  about  171S1  to  signior 
Conti,  a  Venetian  nobleman,  then  in  England,  on  a 
promise  to  keep  it  secret.  But  notwithstanding  this  prq- 
mtse,  the  abbi,  (who,  while  here,  had  also  effected  to 
show  a  particular  friendship  for  Newtou,  though  privately 
betraying  him  as  much  as  lay  in  his  power  to  I^ibnilz,) 
was  no  sooner  got  across  the  water  into  France,  than  he 
dispersed  copies  of  it,  and  procured  an  antiquary  to 
translate  it  into  French,  as  well  as  to  write  a  confutation 
of  it.  This,  being  printed  at  Paris  in  17SA,  was  deli- 
vered as  a  present  from  the  bookseller  that  printed  it  to 
our  aulhor,  that  he  might  obtain,  as  was  said,  his  consent 
to  the  publication  ;  but  though  he  expressly  refused  sucb 
consent,  yet  the  whole  was  published  the  same  year. 
Hereupon  Newton  found  it  necessary  to  publish  a  Deknce 
of  himself,  which  was  inserted  in  the  Philosophical  Trans- 
actions. Thus  he,  who  bad  so  much  all  bis  life  long  been 
studious  to  avoid  disputes,  was  unavoidably  all  his  life- 
lime,  in  a  manner,  involved  in  them;  nor  did  this  last 
dispute  even  finish  at  bis  death,  which  happened  the  year 
fallowing.  Newton's  paper  was  republished  in  1726  at 
Paris,  in  French,  with  a  letter  of  the  abbe  Conti  in  answer 
to  it;  and  ibe  same  year  some  dissertations  were  printed 
there  by  father  Souciet  against  Newton's  Chronological 
Index,  an  answer  to  which  was  inserted  by  Halley  in  the 
Philos.Traiii.  No.  3S7. 

Some  time  before  this  business,  in  his  SOlfa  year,  our 
author  was  seised  with  an  incontinence  of  urine,  thought 
to  proceed  from  the  stone  in  the  bladder,  and  deeqied  to 
be  incurable.  .  tlowever,  by  the  help  of  a  strict  regimeik 
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and  other  precautions,  which  till  then  he  nrver  had  oc- 
caaion  for,  he  procured  considerable  intcrvaU  .of  ease 
during  the  6ve  remaining  years  of  his  life.  Yet  he  was 
■lot  ftee  flora  some  severe  paroxysn)«,  which  even  furced 
out  large  drojis  of  sweat  tbat  ran  down  his  face.  In  these 
circumstances  he  was  never  observed  to  utter  the  least 
complaint,  nor  express  the  least  impatience ;  and  as  snun 
as  he  had  a  moment's  ea^,  he  would  smile  and  lAlk  with 
his  usual  cheerfulness.  He  was  now  obliged  to  rely  upon 
Mr.  Conduit,  who  had  married  his  niece,  lor  the  dischai^ 
ul'  his  office  in  the.tiiinL  Saturday  morning  March  18, 
1737,  he  read  the  newspapers,  and  discouraed  a.  long  time 
with  Dr.  Mead  his  physician,  having  then  the  perfect  use 
of  all  his  senses  and  his  uuderstanding ;  but  that  night  he 
eniiiely  tost  them,  and  did  not  recover  tbem  afterwards  ; 
he  died  the  Monday  following,  March  20,  in  the  85th 
year  of  his  age.  His  corpse  lay  in  slate  in  the  Jerusali 
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then  that  controversy  was  looked  on  m  his  bane.  Wlea 
some  objections,  liHiitily  made  to  his  discoveries  concern- 
ing lighl  and  colours,  induced  him  to  lay  aside  the  design 
he  hHd  taken  of  publishing  bis  Optical  Lectures,  we  find 
him  reflecting  on  ibdt  dispute,  into  which  fae  had  been  un- 
avoidably drawn,  in  theiie  terms :  "  I  blamed  my  own 
imprudence'for  parting  with  so  real  a  blessing  as  my  quiet, 
to  run  after  a  shadow."  It  is  true  this  shadow,  aa  Fon- 
tenrllc  observes,  did  not  escape  him  afterwards,  nor  did 
it  cost  him  chat  quiet  which  he  somuch  valued,  but  proved 
as  much  a  real  happiness  to  him  bk  his  quiet  itself  (  yet 
this  was  a  happiness  of  his  own  making:  he  took  a  reso- 
lution from  these  disputes,  not  to  publish  any  more  con- 
cerning that  theory,  till  he  had  put  it  above  the  reach  of 
controversy,  by  tbe  most  exact  experiments,  and  the 
stiictebt  demonstrations;  and  accordingly  it  has  ncvec 
been  called  in  question  since.  In  the  same  temper,  after 
chembcr,and~on  the  2Bth  was  conveyed  into  Westminster-     he  had  sent  the  manuscript  to  the  Royal  Society,  with  hi* 

abbey,  the  pall  being  supported  by  tbe  lord-chancellor,     consent  to  the  printing  of  it  by  them  ;  yet  upon  Hooke's 

tbe  dukes  of  Montrose  and  Koxburgh,  and  the  earls  of     injuriously  insisting  that  be  himself  had   demonstrated 

Pembroke,  Sussex,  and  Macclesfield.      He  was  interred     Kepler's  problem  beforeourautbor,  he  determined,  rather 

near  the  entrance  into  tbe  choir  on  the  left  hand,  where     than  be  involved  again  in  controversy,  to  suppress  the  third 

a  stately  monument  is  erected  to  his  memory,  with  a  most     book;   and  he  wiis  very  hardly  prevailed    on    to   alter 

•legant  inscription  upon  it.  that  resolution.     It  is  true,  the  public  was  thereby  k 

Newton's  character  has  been  attempted  by  M.  Fon-     gainer  ;  that  book,  which  is  indeed  no  more  than  a  corol- 

tenelle  and  Dr.  Pemberton,  the  substance  of  which  ii  as     lary  of  some  propositions  in  the  first,  being  originally 

follows.     He  waa  of  a  middle  stature,  and  somewhat  in-     drawn  up  in  the  popular  way,  with  a  design  to  publish  it 

clined  to  be  fat  in  the  latter  part  of  his  life.     His  coun-     in  that  form  ;  whereas  he  was  now  convinced  tbat  it  would 

teuance  was  pleasing  And  venerable  at  the  same  time ;     be  best  not  to  let  it  go  abroad  without  a  strict  dcmon- 

•specially  when  he. took  off  his  peruke  and  showed  his     stralion. 

while  hair,  which  was  pretty  thick.     He  never  made  use         In  contemplating  NewtonVgeni' 

of  spectacles,  and  lost  but  one  tooth  during  his  whole     a  doubt,  which  of   these  endown 

life.     Bishop  Attcrbury  says,  that,  in  the  whole  air  of     share,  sagacity,  penetration,  strei 

Sir  Isaac's  face  and  make,  there  was  nothing  of  that  pene-     after  all,  the  mark  thatseems  most 

trating  sagacity  which  appears  in  his  composition):    that     he  himself  madi    -'     ' 

he  had  something  rather  languid  in  his  look  and  manner, 

which  did  not  raiK  any  great  expectation  in  those  who 

did  not  know  him. 

His  temper  it'  is  said  was  so  equal  and  mild,  that  no 

accident  could  disturb  it.  A  reroarkableinstance  of  which 

is  related  as  follows.    Sir  Isaac  bad  a  favourite  little  dog, 

which  he  called  Diamond.     Being  one  day  called  out  of 

kis  siady  into  tbe  next  room.   Diamond  was  left  behind. 

When  Sir  Isaac  returned,  having  been  absent  but  a  few 

minutes,  be  had  the  mortification  to  tind,  that  Diamond 

having  overset  a  lighted  candle  among  some  papers,  the 

nearly  finished  labour  of  many  years  was  in  flames,  and 

almost  consumed  to  ashes.     'This  loss,  as  Sir  Isaac  was 

then  very  far  advanced  in  years,  was  irretrievable ;  yet, 

without  once  striking  tbe  dog,  he  only  rebuked  him  with 

this  exclamafion,  "  Oh  Diamond  !  Diamond  !   thou  little 

knowest  the  mischief  thou  hast  done  !"  Dr.  Wallis  (Algeb, 

p.  347)  says,  some  papers  on  series  and  c 

for  tbe  press  in  l67l,  but  by  mischance 


us,  it  presently  becomes 

nents  had  the  greatest 

iglh,  or  diligence  ;  and^ 

to  distinguish  it  is,  that 

"  it,  declaring, 

that  if  he  had  done  the  world  any  service,  it  was  due  to 

nothing  but  industry  and  patient  thought;  that  he  kept 

the  subject  of  consideration  constantly  before  him,  and 

waited  till  the  first  dawning  opened  gradually,  by  little 

and  little,  into  a  full  and   clear  light.     It  is  said,  tbat 

when  he  had  any  mathematical  problems  or  solutions  in 

his  mind,  he  would  never  quit  the  subject  on  any  account. 

And  his  servant  has  said,  when  he  has  been  getting  up  in 

a  morning,  he  has  somciimes  begun  to  dress,  and  with 

one  leg  in  his  breeches,  sat  down  again  on  the  bed,  where 

he  has  remained  for  hours  before  he  has  got  his  clothes 

on  :  and  that  dinner  has  been  of^en  three  hours  ready  for 

him  before  he  could  be  brought  to  table. 

After  all,  notwithstanding  his  anxious  care  to  prevent  in- 
terruption in  bis  intense  application  to  Bludy,he  could  ne- 
vertheless, when  occasion  required  it,tayaside  his  thoughts, 
though  engaged  in  the  most  intricate  researches,  when  his 
ready     other  affairs  required  his  attention  ;-and,  as  soon  as  he  had 
burnt.  leisure, resume  the  subject  at  the  point  where  be  had  left  off. 

Newton  was  indeed  of  so  meek  and  gentle  a  disposition,  Iliis  he  seems  to  have  done  not  so  much  by  any  extraor- 
and  so  great  a  lover  of  peace,  that  he  would  rather  have  dinary  strength  of  memory,  as  by  the  force  of  his  inventive 
chosen  to  remain  in  obscurity,  than  to  have  the  calm  of  faculty,  to  which  every  thing  opened  itself  again  with  ease, 
litb  rufHed  by  those  storms  and  disputes,  which  genius  ifnoihing  intervened  to  ruffle  him.  The  readiness  of  his  in- 
andleamingalways  draw  upon  those  that  are  most  eminent  rentien  made  him  not  think  of  putting  his  memory  much 
for  them.  to  the  trial ;  but  this  was  the  oKpring  of  a  vigorous  in- 

From  his  love  of  peace,  no  doubt,  arose  that  unustial  tenseness  of  thought,  out  of  which  he  was  but  a  common 
kind  of  horror  which  be  felt  for  all  disputes:  a  steady  man.  He  sprat  therefore  the  prime  of  his  age  in  those 
unbroken  attention,  free  from  those  frequent  recoilings  abstruse  researches,  when  his  situation  in  -a  college  gave 
inseparably  incident  toothers,  was  his  peculiar  felicity;  him  leisure,  and  while  sttidy  was  his  proper  business, 
he  knew  it,  and  he  kiwiT  the  value  of  it.     No  wonder     But  aa  won  ts  hs  was  removed  to  the  Bint,  ba  applied 
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himidf  chiefly  to  the  dntiei  of  that  office ;  ahd  lo  far  quit-  nsdily  believed :  yet  it  always  continiied  to  without  My 
t«d  mathemetici  and  philotophy,  at  not  to  enga^^  in  any  aiteration  ;  though  the  whole  world,  lays  Fontenelle,  con- 
pureuits  of  eKber  kiod  afterwards.  jpirad  against  it ;  let  lu  add,  though  he  was  thereby  rob- 
Dr.  Pemberton  observes,  that  though  his  memory  was  bed  of  his  invention  of  fluxions.  Nicholas  Mercator  pub- 
much  decayed  in  the  last  yean  of  his  life,  yet  he  perfectly  lisfaing  his  Logarithmotechnis  in  l66%,  where  he  gave  the 
understood  hii  own  w4tings,  contrary  to  what  I  had  quadrature  of  the  hypeibola  by  an  infinite  series,  which 
formerly  heard,  says  the  doctor,  in  discourse  from  many  was  the  first  appearance  in  the  learned  world  of  a  series 
penoiw.  This  opinion  of  thein  might  arise  perhaps  from  of  this  sort  drawn  from  the  particular  nature  of  tbe  curve,, 
bis  not  being  always  ready  at  speakiRg  on  these  subjects,  and  that  in  a  manner  vay  new  and  abstracted  ;  Dr.  Bar- 
wben  it  mi^t  be  expected  he  should.  But  on  this  bead  row,  then  at  Cambridge,  where  Newton,  then  about  36 
it  may  be  observed,  that  great' geniuses  are  often  liable  to  yean  of  age,  resided,  recollected,  that  he  had  met  with  the 
be'at»ent,  not  only  in  relation  to  common  life,  but  with  same  thing  in  tbe  writings  of  that  young  gentleman  ;  and 
regard  to  some  of  the  parts  of  science  that  they  are  best  .  there  not  confined  to  the  hyperbola  only,  but  extended, 
inform^  of :  inventors  seem  to  treasure  up  in  their  mindt  by  general  forms,  to  all  kinds  of  curves,  even  such  as  are 
what  they  havefoasd  out,  after  another  manner  than  those  mechanical;  to  their  quadratures,  ^dr  rectifications,  and 
do  tbe  same  things  who  have  not  this  inventive  &culty.  their  centres  of  gravity;  to  the  solids  formed  by  their  ro- 
The  former,  when  they  have  occasion  to  produce  their  tations,  and  to  the  superficies  of  those  solids ;  so  that, 
knowledge,  ate  in  some  measure  obliged  immediately  to  when  their  determiuatioos  were  possible,  tbe  series  stopped 
investigate  pact  of  what  they  want;  and  for  this  they  are  at  a  certain  point,  or  at  least  their  sums  were  given  by 
not  equally  fit  at  all  times :  from  whence  it  has  often  hap-  stated  rules :  and  if  the  absolute  determinations  were  im- 
pezwd,  that  such  as  retain  things  chiefly  by  means  ofa  posaiblcith^  could  yet  beinfinitelyapproximated  ;  which 

'  very  Strong  memory,  have  appeared  o&hand  more  expert  is  the  happiest  and  most  refined  method,  says  Fontenelle, 

than  the  discoveren  themselves.  of  supplying  the  defects  of  human  knowledge  that  man's 

It  wascvidently  Dwingtothesameinventivefaculty  that  imagination  could  possibly  invent.     To  be  master  of  so 

Newton,  as  this  writor  found,  had  read  fewer  of  tbe  mo-  fruitful  and  general  a  theoiy  was  a  mine  of  gold  lo  a  geo- 

Jem  mathematicians  than  one  could  have  expected  ;  his  metrician ;  hut  it  was  a  greater  glory  to  have  been  the 

own  prodi^ous  invention  readily  supplying  him  with  what  discoverer  of  so  surprising  and  ingenious  a  system.     So 

Le  might  have  occasion  for  in  the  pursuit  of  any  subject  that  Newton,  finding  by  Mercator's  book,  that  he  was  in 

he  undertook.     However,  he  often  censured  the  handling  the  way  to  it,  and  that  othen  might  follow  in  his  track, 

of  geometrical  subjects  by  algebraic  calculations;  and  bis  should  naturally  have  been  forward  to  open  his  treasures, 

book  of  algebra  he  called  by  the  name  of  Universal  Arith-  and  secure  the  property,  which  consisted  in  making  th« 

inetic,  in  opposition  to  the  injudicious  title  of  Geometry,  discovery;    but  he  contented  himself  with  his  treasure 

which  Oescartes  had  ^ven  to  the  treatise  in  which  he  which  he  had  found,  without  r^arding  the  glory.     What 

shows  how  tbe  geometrician  may  assist  bis  invention  by  an  idea  does  it  give  us  of  his  unparallfeied  modesty,  when 

auch  kind  of  computations.    He  frequently  praised  Slusius,  we  find  him  declaring,  that  he  thought  Mercator  had  en- 

Bamw,  and  Huygens,  for  not  being  influenced  by  the  tirriy  discovered  hissecret,<or  thatothers  would,  beforehe 

&Isc  taste  which  then  began  to  prevail.     He  used  to  com-  afaould  become  of  a  proper  age.for  writing  !    His  raanu' 

■neod  the  laudable  attempt  of  Hugo  d'Omerique  to  restore  script  on  infinite  saries  was  communicated  to  none  but 

the  anctent  analysis;  and  very  much  esteemed  Apollo-  ^r.  John  Collins  and  tbe  lord  Brounker,- then  {Iresident  of 

'nius's  book  De  Sectione  Rationis,  for  giving  us  a  clearer  the  Royal  Society,  who  bad  also  done  something  in  this 

notion  of  that  analysis  than  we  had  before.     Dr.  Barrow  way  himself ;  and  even  that  had  not  been  complied  with, 

may  be  esteemed  as  having  shown  a  compass  of  invention  but  for  Dr.  Barrow,  who  would  not  suffer  him  to  indulge   - 

equal,  if  not  superior,  to  any  of  the  moderns,  our  author  his  modesty  so  much  as  he  desired. 

enly  excepted  :  bat  Newton  particutariy  recommended  It  is  further  observed,  concerning  this  part  of  his  cha- 
Huygens's  style  and  manner:  he  thought  him  the  most  i»cter,  that  he  never  talked  either  of  himself  or  bthen, 
t^gant  of  any  mathematical  writer  of  modern  times,  and  nor  ever  behaved  in  such  a  ntHDner,  as  to  give  tbe  most 
the  truest  imitator  of  tbe  ancients.  Of  their  taste  and  malicious  cetisurers  the  ]ea«l  occasion  even  to  suspect  him 
mode  of  demonstration  our  author  always  professed  him-  'of  vanity.  He  was  candid  and  atfoble,  and  always  put 
•elf  a  great  admirer ;  and  even  censured  himself  for  not  himself  upon  a  level  with  his  company.  Ha  never  thought 
Ibllowing  tbem  yet  more  closely  than  he  did  ;  and  spoke  either  his  merit  or  his  reputation  sufficient  lo  excuse  him 
with  regret  of  fais  mistake  at  the  beginning  of  bis  mathe-'  from  any  of  the  common  offices' of  social  life.  Nosingu- 
maticat  studies,  in  applying  himself  to  tbe  works  of  Des-  larities,  either  natural  or  i^cted,  distinguished  ban  from 
cartes,  and  other  algebraic  writen,  before  he  bad  consi-  biher  men.  Though  he  was  firmly  attached  to  tbe  church 
dered  the  Elements  of  Euclid  with  that  attention  which  so  of  England,  he  was  averse  to  the  persecution  of  the  non- 
excellent  a  writer  deserves.  conformists.  He  judged  of  men  by  their  manners  ;  and 
But  if  this  was  a  fault,  it  is  certain  it  was  a  fiinlt  to  tbe  true  schismatics,  in  his  opinion,  were  the  vicious  and 
which  we  owe  both  bis  great  inventitins  in  spect^ative  ma-  '  the  wicked.  Not  thatheconfined  his  principles  to  natural 
thematics,  and  the  doctrine  of  fluxions  and  infinite  series,  religion,  for  it  is  said  he  was  thoroughly  persuaded  of  the 
And  perhaps  this  might  be  one  reason  wby  bis  particular  truth  of  revelation  ;  and  amidst  the  great  variety  of  books 
reverence  for  the  aiicieots  is  omitted  by  Fontco^le,  who  which  he  bad  constantly  before  him,  that  which  he  studied 
however  ccrtaitdy  makes  some  amends  by  that  just  elo-  with  the  greatest  application  was  the  Bible,  at  least  in  the,r 
gium  which  he  makes  of  our  autbo/s  modesty,  which  latter  years  of  his  life :  and  he  understoo4  tbe  nature  and 
amiable  quality  lie  represents  as  standing  foremost  in  the  force  of  moral  certainty  as  well  as  be  did  that  of  a  strict 
character  of  this  great  man's  mind  and  manners.     It  was  demonstration. 

in  reality  greater  than  can  be  easily  imagined,  or  will  be         Sirltaacdidno^aeglectthe  oppartunidesofduin;good, 
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when  (he  revenues  of  his  patriinony  Btid  a  profitable  em- 
pluynient,  improvcd'by  a  piudc-ntteconoroy,  put  it  in  bis 
power.  We  have  two  remarkable  Instances  of  hi<<  bounty 
and  gcnerosiiy  ;  one  to  Mr.  Maclauriii,  extra  professor  of 
malbematics  at  Edinburjjh,  to  encourage  wHukc  appoint- 
ment he  otiered  SO  pounds  a-yoar  to  tbat  office  ;  and  the 
otlitr  to  bit  niece  Barton,  upon  whom  he  had  settled  an 
annuity  of  100  pound*  per  annum.  When  decency  on 
any  occasion  required  expense  and  show,  he  was  magnifi- 
cent wiibout  grudging  it:  at  all  other  times,  tbat  pi 


Mr.  FlatDsteed,  Dr.  Hatley,  md 
ur  author's  article  in  the  General 
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em-  7.  Several  Letters 
Mr.  Oldenburg.- Se< 
Dictionary,  ^  •  , 

8.  A  Paper  concerning  the  Longitude;  dravn  up  bj 
order  of  the  House  of  Commons  ;  tbid. 

9.  Abreg^  de  Chronologie,  4ic  ;  1736,  under  the  di- 
rection of  the  abbe  Conti,  together  with  tome  observa- 
tions upon  it.        ' 

10.  Kenarks  on  the  Observations  made  upon  i  Chro- 
nological Index  of  Kir  L  Newton,  &c.  Philos.  Tran 


IS  gre^t  to  low  mindi  only,  was  utterly  retrench-     33.     See  also  tlie  same,  vol.  34  and  35,  by  Ur.  Ualley. 


rd,  and  the  expense  reserved  for  better  uses. — Go  thii 
head  it  may  be  remarked  however,  as  a  curious  fact,  tbat 
by  an  order  of  council,  dated  Jan.  28,  167^.  (which  was 
3  years  after  bis  election  into  the  Knyal  Society,)  it  was 
ordered,  tbat  he  :ibuuid  be  excused  from  making  the  usual 
weekly  payments  (one  shilling  per  week),  on  account  of 
his  low  circumstances, -as  he  represented. 

Newton  never  married;  and  it  has  been  said,  that 
*'  perhaps  be  never  bud  leisure  to  think  of  ic;  that,  being 
immersed  in  profound  studies  during  the  prime  of  his  age, 
and  afterwards  engaged  in  an  employment  of  great  im- 
purtancc,and  even  i|uite  taken  up  with  the  company  which' 
bis  merit  drew  to  him,  he  was  not  sensible  of  any  vacancy 
in  life,  nor  uf  the  want  of  a  companion  at  home."  These 
however  do  not  appear  to  be  any  sufficii-nt  reasons  for  his 
never  marrying,  if  be  bad  had  an  inclination  so  to  do.  It 
is  much  mure  likely  tbat  he  had  a.  cuustitutional  indiffer- 
ence to  the  state,  and  even  to  the  sex  in  general ;  and  it 
baa  even  been  said  of  him,  that  he 


11.  The  Chronology  of  Ancient  Kiogdoins  amended, 
OEC;  1728,  4to. 

12.  Arithmeiica  Universalis,  &c;  under  the  inspection 
of  Mr.  VVbiston,  Cantab.  1707,  and  again  in  1722,  8vo. 
Printed  1  think  without  the  author's  consent,  and  even 
ugHinst  bis  will :  an  offence  which  it  seems  was  never  for- 
given. There  arc  also  English  editions  of  the  same,  par- 
ticularly one  by  Wilder,  with  a  Commentary,  in  176!), 
2  vols  8vo.    And  a  Latin  edition,  with  aConimentary,by 

.Casiilion,  2  vols  4to,  Amst.  &c. 

13.  Analysis  per  Quaniitatum  Series,  Fluxiones,  et 
Differeniias,  cum  Enumcratione  Linrarum  Tertii  Ordinis ; 
l71J,4to;  under  the  inspection  of  W.Jones,  Esq.  f.  a- s. 
—The  last  tract  bad  been  published  before,  together  with 
another  on  the  Quadrature  of  Curves,  by  the  Method  c^ 
Fluxions,  under  ihc  title  of  Tractatus  duo  de  Specicbus 
et  Magnitudtne  Figurarum  Curvilinearum ;  subjoined  to 
the  Atst  edition  of  his  Optics  in  1704  ;  and  other  letters 
in  the  Appendix' to  Dr,Gregory'«  Catoptrics,  &c,  1735, 


I). — He  left  at  bis  death,  it  seems,  32  thousand  pounds;  8vo. — Under  ibis  head  may  be  ranked  Newtoni  Genesis 

but  he  made  no  will,  which,  Fontenelle  tells  us,  was  be-  Curvarum  per  Umbras;  Leyden,  1740.  . 

cause  he  thought  a  legacy  was  no  girt. — As  to  his  works,  14.  Several  Letters  relating  to  his  Dispute  with  Leib- 

besides  what  were  published  in  bis  life-time,  there  were  niti,  on  his  Right  to  the  Invention  of  Fluxions;  printed 

found  after  his  death,  among  his  papers,  several  discourses  >n  the  Commercium  Epistolicum  D.  Johanniii  Collins  et 

on  the  subjects  of  antiquity,  history,  divinity,  chemistry,  aliorum   de    Analyst    Pnimota,  juuu   Societatis  Regite 

and  mathematics  :  several  of  which  were  published  at  dijf-  edilum  ;  ]7l2,8vo. 

ferent  times,  as  appearsfrora  the  fdilowingcatalogueufalt  15.  Postscript  and  Letter  of  M.Leibnitz  to  the  A  bb^ 

>rks;  where  they  are  ranked  in  the  order  of  time  in  Conti, with  Remarks.and  aLetler  of  bisown  to  that  Abbi; 


which  those  upon  the  same  subject  were  published. 

1.  Several  Papt^rs  relating  to  his  Telescope,  and  his 
Theory  of  Lightand  Colours,  printed  in  the  Philosophical 
Transactions,  Nos.  80,  81,  S'2,  83,  84,  85,  6^96,97, 
110,  121,  123,  128;  or  vols.  6,  7,  S,  S,  10,11. 

2.  Optics,  or  a  Treatise  of  the  Rejections,  Refractions, 
and  Inflections,  and  the  Colours  of  Light;  1704,  4to. — 
A  Latin  translation  by  Dr,  Clarke  ;  17O6,  4Io. — And  a 
French  translation  by  Pet.  Coste,  Amsl.  1729,2vols  12mo. 
—Beside  several  l^nglisfa  editions  in  8vo. 


1717,  8vo.     To  which  was  added,  Raphsoa's  History  of 
Fluxions,  as  a  Supplement. 

16'.  The  Method  of  Fluxions,  and  Analysis  by  Infinib: 
Series,  translated  into  tln^lish  from  the  original  Latin;  to 
which  is  added,  aPerpetualCommentary,by  the  translator 
Mr.JohnColson;  1736,410. 

17-  Several  Miscellaneous  Pieces,  and  Letters,  as  fol- 
low:—(l>  A  Letter  to  Mr.  Boyle  on  the  subject  of  the 
Philosopher's  Stone.  Inserted  in  the  General  Dictionary,  ' 
under  the  article  Boilb. — (2)  A  Letter  to  Mr.  Aston, 


3.  Optical  Lectures;  1728,  8vci. — Also  in  several  Letters     containing  directions  for  his  travels;  ibid,  under  o 
to  Mr.  Oldrnburg,  secretary  of  the  Royal  Society,  intiCrted     thor's  article. — (3)  An  English  I'ranslation  uf  a  Latin 


1  the  General  Dictionary,  under  our  author's  article, 

4.  Eectiones  Optics ;   1729,  4to. 

5.  Naturalis  Philosophise  Principia  Maihematica ;  l687> 
4to. — A  second  edition  ia  1713,  wiib  a  Preface,  by  Roger 
Cotes.— The  3U  edition  in  1726,  under  thedirection  of  Dr. 
Pembertoo.— An  English  translation,  by  Motte,  1729,  2 
volumes  8vo,  printed  in  several  editions  of  bis  works,  in 
diffisrent  nations,  particularly  an  edition,  with  a  large 
Commentary,  by  the  two  learned  Jesuits,  Le  Seur  and 
Jacquier,  in  4  volumes  4to,  in  1739,  1740,  and  1743. 

6.  A  Sysfeip  of  the  World,  translated  from  the  Latin 
original ;  1727,  8vo. — This,  as  has  been  already  observed, 
was  at  first  intended  to  make  the  third  book  of  his  Princi- 
pia, an  English  traiulacion  by  Motte,  1739,  8vo. 


Dissertation  on  the  Sacred  Cubit  of  the  Jews.  Inserted 
among  the  miscellaneous  works  of  Mr.  John  Greaves, 
vol.  3,  published  by  Dr,  Thomas  Birch,  in  1737,  2  vols. 
8vo.  This  Dissertation  was  found  subjoined  ip  a  wosk 
of  Sir  Isaac's,  not  finished,  entitled  Lexicon  Propheti- 
curo. — (4)  Four  Letters  from  Sir-Isaac  Newton  to  Dr. 
Bentley,  containing  some  arguments  in  proof  of  a  Deity; 
1756,  8vo.— (5)  Two  Letters  to  Mr.Clatkc.&c. 

IS.  Observations  on  the  Prophecies  of  Daniel  and  the 
Apocalypse  of  b't.  John;   1733,  4to. 

19.  Tables  for  purchasing  College  Leases ;  1742,  12mo. 

SO,  Corollaries,  by  Whiston. 

31.  A  Collection  of  several  pieces  of  our  author's,  under 
the  following  title,  Newtoni  Is.  Opuscula  Mathematica, 
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Phi|6s.  et  Pbilol.  cnllegit  J. Casiilioneui ;  Laue.  )744';-4to, 
6  tomes. 

22.  Two  Treatises  on  the  Quadrature  of  Cururs,  and 
Analysis  by  Equaiions'of  an  Infinite  Number  of  Terras, 
explained:  Iranslalcd  by  John  Stewart,  with  it  large  Com- 
meDtary;  17*5,  4(o. 

93.  Description  of  an  In«(rament  4ot  observing  the 
Moon's  Distance  fruin  the  Fixed  Stan  at  S«a.  Philos. 
Trans,  vol.  42. 

24.  Newton  also  published  Barrow's  Optical  Leclures, 
in  I6p9,  4to:  and  Bi-rn.  Vargnii  Geographia,  &c; 
ifiSl,  8vo.  1 

35.  The  whole  works  of  Newlon,  published  by  Dr. 
Horetey;   1779.  *to,  in  5  volumei. 

The  followi&g  is  a  Hit  of  the  papers  left  by  Newton  at 
his  death,  as  mentioned  above. 

A  Catalogue  of  Sir  Isaac  Newton's  IVhtnuscripIs  and 
Pap<'rs,  as  annexed  to  a  Bond,  given  by  hir.  Caniluk>  to 
the  Admiiustrators  of  Sir  Isaac ;  by  which  he  obliges  hini- 
Klf  to  account  for  any  prolit  he  shall  make  by^ publishing 
any  of  the  papers. 

Dr.  Pellet,  by  agreement,  of  the  executors,  entered 
into  Acts  of  tho  Prerogative  Court,  being  appointed  to 
peruse  all  the  papeff ,  and  judgA  whiiifa  mre  proper  tor  the 
press.  •  ■*-,..... 

No. 

1.  Viaticum  Nautarura  ;  by  Robert  Wright. 

2.  Miscellanea;  not  in  Sir  Isaac's  band-writing. 

3.  Miscellanea;  part  in  Sir  Isaac's  hand. 

4.  Trigonometria  ;  about  5  sheets. 
'   6,  Definitions. 

■     .6'.  Miscellanea;  part  in  Sir  Isaac's  band. 

7.,  40'sheets  in  4lo,  relating  to  Church  History. 

8.  li6  sheets  writlen  on  one  side,  being  foul  draughts 

of  [be  Prophetic  Stile. 

9.  88  sheets  relating  to  Church  History. 

10.  About  70  loose  sheets  in  small  4to,  of  Chemical 

papers;  some  of  which  are  not  in  Sir  Isaac's 
hand.  < 

11.  About  68  ditto,  in  folio. 

IS.  About  15  large  sheets,  doubled  into  4to;  Che- 
mical. 

13.  About  8  sheets  ditto,  written  on  one  side. 

14.  About  5  sheets  of  foul  papers,  relaiiug  to  Che- 

15.  12  half-sheets  of  ditto. 

16.  101  half-sheets,  in  4to,  ditto. 
17-  About  22  sheets  in  4lo,  ditto. 

IS.  24  sheets,  in  4to,  on  the  Prophecies. 

19.  99  half-theets ;  bdr^  an  answer  to  Mr.  Hooke,  on 

Sir  Isaac's  Theoryof  Colours. 
30.  87  halt^beets  relating  to  the  Optics,  some  of  which 

.  are  not  in  Sir  Isaac's  hand. 
From  No.  t  to  No.  20  examined  on  the  SMh  of  May 
17^,  and  judged  not  fit  to  be  printed. 
T.  PeUtl. 
■    -.       .  W'itnesij  Tio.  PUkingim.- 

21.  328  half-sheets  in  folio,  and  63  in  small  4to ;  being 

.    loosoand  foul  papers  relating  to  the Hevetations 
and  Prophecies. 

22.  8  hdhheets  in  small  4to,  reUtiog  to  Church  Mat- 

ters. 

23.  24  half-sheets  in  small  4lo;  being  a  discourse  te-^ 

lating  to  the  2d  uf  King:-. 
S4.  353  half-sheets  in  folio,  and  57  in  small  4to;-b«ng 


■  ■  foul  and  loose  papers  relating  to  Figures  and 

Mathematics.  ' 

SS.  201  half-sheets  in  folio,  and  21  in  small  4to;  looia 
and  foul  papers  relating  to  the  Conrmerciam 
Kpistolicunt. 

26.  91  half-jheets  in  small  4to,  in  Latin,  on  the  Tem- 

ple of  Solomon. 

27.  37  half-sheets  in  folio,  on  the  Host  of  Heaven,  the 

Sanctuary,  and  other  Church  Matters. 

28.  44  half-sheets  in  folio,  on  ditto. 

29.  25  half-sheets  in  folio  j  being  a  farther  account  of 

the  Host  of  Heayen. 

30.  51  half- sheets  in  folio;  being  an  Historical  Account 

of  two  notable  Corrtiptrons  of  Scripture. 

31.  88  half-sheets  in  small  4to;    being  Extracts    of 

Church  History. 

32.  116  half-sheets  in  folio;  being  Paradu:<ical  Ques- 

tions concerning  Atbanasioa,  of  which  several 
leaves  in  the  beginning  are  very  much  damaged. 

33.  56  half-sheets  in  folio,  De  Molu  Corporum ;  the 

greatest  part  not  in  Sir  Isaac's  hand.. 

34.  61  half  sheets  in  small  4to;  being  various  sections 

on  the  Apocalypse. 
35. '25  half-sheets  in  folio,  of  the  Working  of  the  Mys- 
•tery  of  Iniquity. 

36.  SChaltshceb  in  felio,- on  the  Theology  of  the  Hea- 

thens. ' 

37.  24  half-sheets  in  folio;  being  an  Account  of  the 

Contest  between  the  Host  of  Heaien,  and  the 
Transgressors  of  the  Covenant. 

38.  31  half-sheets  in  folio;  being  Paradoxical  Ques- 

tions concerning  Athanasius. 

39.  107  quarter-sheets    in  small  4(o,  on  the  Revela- 

40     74  half-sheets  in  fulio ;  being  loose  papers  relating 

to  Church  History. 
May  22,  1 727,  examined  from  No.  2 1  to  No.  40  inclu- 
sive, and  judged  them  not  fit  to  be  printed;  only  No.  33 
and  Ho.  38  should  be  reconsidered. 

T.  PeUel. 
Witness,  TTio.  PHiingtoH. 

41.  167 half-«beets in  folio;  being  looteand  foul  papers 

relating  td  the  Commercium  Epistolicnm, 

42.  21  half-sheets  in  folio;  being  the  3d  letter  onl^xts 

of  Scripture,  very  much  dftmaged. 
.     43.  31  half-sheets  in  folio;  being  foul  papers  relating 
to  Church  Matters. 

44.  495  half-sheets  in  fulio;  being  loose  and  foul  pa- 

pers relating  to  Calculations  and  Maihcmntics. 

45.  .335  half-sheets  in  folio;  being  loose  and  foul  papers 

relating  to  the  Chronology. 

46.  1 12  sheets  in  small  4to,  relating  to  the  Revelations 

and  other  Church  Matters. 

47.  126  half^heels  in  folio;  being  loose  papers  relating 

to  the  Chronology,  part  in  English  and  port  in 
Latin. 

48.  40O  half-sheets  in  folio ;  being  loose  mathematical 

49.  t09  sheets  in  4to,  relating  to  the  Prophecies,  and 

'    Church  Matters. 

50.  127  half-sheets  in  folio,  relating  to  the  University'; 

great  part  not  in  Sir  Isaac's  hand.. 
'  5t.  18  sheets  in  4lo:  being  Chemical  papers. 
52.  355  quarter-sheets;  being  Chemical  papers. 
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£3.  Aa  Account  of  Coiruptians  of  Scripture ;  not  in 

Sir  Iiaftc's  bund, 
54.  31  quartei-sheeUi  being  Fl&tDtDeU'i  Explicclioo  of 

Hieroglyph iral  Figure*. 
55- About   350  batf-sheeCs;  being  Miscellaiwoui  pa- 

S6.  6  half-ibMls;  being  An  Account  of  the  Empire*, 
&c,  represented  by  St.  John. 


which  is  agreed  to  be  printed,  and  part  of  No.  6l,  and 
81,  which  are  to  be  reconsidered. 

n.  Ptllet. 

WitneM,  Tko.  PilkimgioH. 

It  is  astonishing  nhat  care  and  industry  Sir  Isaac  had 

employed  about  the  papers  relating  to  Chronology,  Church 

History,  &c;  as,  on  examining  the  p^n  tbemtelvet, 

which  are  in  the  potsession  of  the  family  of  the  eul  of  Ports* 


57.  9  half-sheets  full 0,  atid  71  quaner-sheett  4to;  bdng     mouth,  it  appears  that  many  of  them  are  copies  a ver  and 


Mathematics  papers. 
58.   140  half-khceu,  in  9  chapters,  and  2  pieces  in 

folio,  titled.  Concerning  the  Language  of  the 

Prophets. 
59-  f)06  half-sheets  folio,  relating  to  tlit  Chronology ; 

9  more  in  Latin. 

60.  182  hulf-shceti  folio;  being  loose  papers  relating  to 

the  Chronology  and  Prophecies. 

61.  144  quarter-sheets,  and  95  half-sheets  folio;  being 

loose  Mathematical  papers. 

62.  ISZhalf-ibeetsfolio;  being  loose  papers  rdating  to 

the  Dispute  with  Leibniti- 

63.  A  folio  Common-place  book ;  part 
band. 


often  with  little  or  uo  variation  ;  the  whole 
number  being  upwards  of  4000  sheets  in  folio,  or  8  reams 
of  folio  paper;  beside*  the  bound  books  &c  in  this  cata- 
logue, of  which  the  number  of  sheets  is  not  meuttoned. 
Of  these  there  have  been  published  only  the  Chronology, 
and  Observations  on  the  Prophecies  of  Danid  and  the 
Apocalypse  of  St  John. 

Many  other  curious,  particular*  concerning  Sir  Isaac 
Newton,  may  be  seen  in  Mr.  Edmund  Tumor's  Collections 
relating  to  the  town  of  Grantham,  published  in  1106, 

NEVirrONIAN  miotof^y,  the  doctrineof  the  universe, 

or  the  propeitiet,  laws,  affections,  actions,  forces,  moti«Mis, 

Sir  Isaac's     &c,af  bodies,  both  celestial  and  lerrestrial,  a*  delivered  by 

Newton. 


64.  A  bundle  of  English  Letters  to  Sir  Isaac,  relating  This  term  however  is  differently  applied ;  which  has  given 

to  Mathematics.  occasion  to  some  confused  notions  relating  to  it.,  For  some 

65.  54  half-sheets  ;  being  loose  papers  found  in  the  authors,  under  this  term,  include  all  the  corpuscular  phi- 

Principia.  losophy,  cotisidered  as  it  now  stands  reformed  and  cor- 

66.  A  bundle  of  loose  Mathematical  Papers;  not  Sir  rected  by  the  discoveries  and  improvements  made  in  >cve- 

Isaac's.  ral  parts  of  it  by  Newton.     In  which  sense  it  is,  that 

67.  A  bundle  of  French  and  Latin  Letters  to  Sir  Isaac.  Grsvesande  calls  bts  Elements  of  Phyiics,  Introductio  ad 

68.  1S6  sheets  folio,  relating  to  Optics.  Philosophiam  Newtonianam.     And  in  this  sense  the  New- 

69-  23  half-sheets  folio,  De  Rationibus  Motuom, &c:  toniao  is  tbe  same  as  the  new  philosophy;  and  stands 

not  in  Sir  Isaac's  band.  con  trad  istinguitbed  from  the  Cartesian,  the  Peripatetic, 

70-  70  half-sheets  folio ;    being  loose  Mathematical  and  the  ancient  Corpuscular. 


Papen. 
71.  38  half-sheets  folio;  being  loose  papers  relating  to 

Optics. 
73.  47  half-sheeb  folio  ;  being  loose  papers  relating  to 

Chronology  and  Prophecies. 

73.  40  half-sheets  folio ;    Procestus    Mysterii  Magai 

Philosophic  us,    by  Wm.  Ywotth;    not  in  Sir 
Isaac's  hand.  i 

74.  5  half-sheets;  being  a  Letter  from  Riizetto  to  Mar- 

tine,  in  Sir  Isaac's  band. 

75.  41  half-sheets  ;  being  loose  papen  of  several  kipds, 

part  in  Sir  Isaac's  hand. 
76;  40  hdlf-sheets;  being  loose  papers,  foul  and  dirty, 

relating  to  Calculations. 
77-  90  haif-sheels  folio ;    being  loose    Mathematical 


Others,  by  Newtonian  philosophy,  mean  the  method  or 
order  used  by  Newton  in  philosophising  ;  via,  the  reason- 
ing  and  inferences  drawn  directly  from  phenomena,  ex- 
clusive of  all  previous  hypotheses ;  the  banning  from 
simple  principles,  and  deducing  the  lirst  powers  and  laws 
pf  nature  from  a  few  select  phenomena,  and  then  applying 
those  laws  &c  to  account  for  other  thing*.  In  this  senses 
the  Newtonian  philosophy  is  the  same  with  the  experimen- 
tal  philosophy,  or  stands  opposed  to  the  ancient  corpus- 
cular, and  to  all  hypothetical  and  fanciful  systems.— 
Others  again,  by  this  term,  mean  that  philosophy  to  which 
physical  bodies  are  considered  mathematically,  and  where 
geometry  and  mechanict  arc  applied  to  the  solution  of 
phenomena.  In  which  sense,  the  Newtonian  ia  the  same 
with  the  mechanical  and  mathematical  philosophy. — 
Others,  by  Newtonian  philosophy,  understand  that  of 


78.  176  half-4heets  folio;  being  loose  papers  relating  to     physical  knowledge  which  Newton  has  handled,  improved, 


Chronology. 

79.  176  batf-sheuts  folio ;  being  loose  papen  relating  to 

the  Prophecies. 
ria  half-sheets  folio;    An  Abstract  of  tbe  Chro- 

80.  i      nology. 
19?  half-sheets  folio  ;  The  Chronology. 

81.  40  half-sheets  folio ;  The  History  of  the  Prophe- 

cies, in  to  chapters,  and  part  of  the  llth  un- 
finished. I  .  . 
83.  S  small  bound  books  in  13mo,  the  greatest  part     rersity  of  Cambndge;'aSd  edition, 
not  in  Sit  Isaac's  hand,  being  rough  Calcula-     ditions  and  improvements,  appeared 


and  demonstrated. — And  lastly,  others,  by  thil  philoso- 
phy, mean  the  new  principles  which  Newton  has  brought 
into  philosophy;  with  the  new  system  founded  upon 
themi  and  the  new  solutions  of  phenomena  thence  de- 
duced; or  that  which  characterizes  and  distinguishes  his 
philosophy  from  all  others.  And  this  is  the  sense  in 
which  wc  shall  here  chiefly  consider  it. 

This  philosophy  was  first  published  in  the  year  l687, 

the  author  being  then  professor  of  mathematics  in  the  uni- 

th  considerable  ad- 

1713;  and  a  3d  in 


Hay  S6lh  17S7,  Examined  from  No.  41  to  No.  83  in 
elusive,  and  Judged  not  fit  to  he  piinled,  except  No.  80 


1726.     An  edition,  with  a  very  large  commentary,  ' 
-published  in  1739,  by  Le  Seur  and  Jacquier;  besides  the 
complete  edition  of  all  Newton's  works,  with  notes,  by 
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Dr.  Horslcy,  in  1779  &c.  Several  sutbon  have  endea- 
voured to  make  it  plainer;  by  letting  aside  many  of  the 
more  sublime  mathematical  researches,  and  substituting 
either  more  obviiius  reasonings  or  experiments  insteadof 
them;  particularly  Whiston,  in  his  Prteleci.  Phys.  Ma- 
them.;  Gravesande,  in  Elem.  et  Inst.;  Pembenon,  in  his 
View  &c ;  and  Aiaclaunn,  in  his  Account  uf  Newton's 
d'hilosophy. 

The  chief  parts  of  the  Newtonian  philoB<^hy,  as  deli- 
vered by  the  author,  except  his  Optical  Discoveries  Sec, 
are  contained  in  bis  Principia,  or  Mathettialical  Principles 
of  Nntnral  Philosophy,  He  founds  his  system  on  the  fal- 
lowing dctinitions.  1.  Quantity  of  Matter,  is  the  mea- 
sure of  the  same,  arising  from  its  density  and  bulk  con- 
jointly.— Thus,  air  of  a  double  density,  in  the  same  space, 
is  double  in  quantity;  in  a  double  spaoi^  is  quadruple  in 
quantity  ;  in  a  triple  space,  is  sextuple  in  quantity,  &G.— 
S.  Quantity  of  Motion,  is  the  measure  of  the  »me,  arising 
from  the  velocity  and  quantity  of  matter  conjunctly.^ 
This  is  evident,  because  the  motion  of  the  whole  is  the 
motion  of  all  its  parts ;  and  therefure  in  a  body  double  in 
quantity,  with  equal  velocity,  the  Motion  is  double,'  &c, 
—3.  The  Vis  Insita,  Vis  Inertiae,  or  innate  force  of  mat- 
ter, is  a  power  of  resisting,  by  which  every  body,  as  muck 
as  in  it  lies,  endeavours  to  persevere  in  its  present  stale, 
whether  it  be  of  rest,  or  moving  unifornily  forward  in  a 
right  line. — ^Tbis  definition  is  proved  to  be  just  by  expe- 
rience, from  observing  the  difficulty  with  which  any  body 
is  moved  out  of  its  place,  upwards,  or  obliquely,  or  even 
downwards  when  acted  on  by  a  body  endeavouring  to  urge 
it  quicker  than  the  velocity  given  it  by  gravity ;  and  any 
ho^  to  change  its  state  of  motion  or  rest.  And  therefore 
this  force  is  the  seme,  whether  the  body  have  gravity  or 
not;  and  a  cannon-ball,  void  of  gravity,  if  it  could  be, 
being  di-icharged  horizontally,  will  go  the  same  distance 
in  that  direction,  in  the  same  time,  as  if  it  were  endued 
with  gravity. — 4.  An  Impressed  Force,  is  an  action  exerted 
on  a  body,  in  order  to  change  its  slate,  whether  of  rest  or 
motion. — This  force  consists  in  the  action  only  ;  and  re 
mains  no  longer  in  the  body  when  the  action  is  over.  For- 
a  body  maintains  every  new  state  it  acquires,  by  its  vis 
inertite  only. — 5.  A  Centripetal  Force,  is  that  by  which 
bodies  are  drawn,  im|>i'iled,  or  anyway  lend  cowards  a 
point,  as  to  a  centre.  This  may  be  considered  of  three 
kinds,  absolute,  accelerative,  and  motive. — 6.  The  Abso- 
lute quantity  of  the  centripetal  force,  is  a  measure  of  the 
tame,  proportional  to  the  efficacy  vi  tfae  cause  that  urgea 
it  to  the  centre. —7.  The  Accelerative  quantity  of  a  cen- 
tripetal force,  is  the  measure  of  the  same,  proportional  to 
the  velocity  which  "it  generates  in  a  given  time. — 8.  The 
Motive  quantity  of  a  centripetal  force,  is  a  measure  of  the 
same,  proportional  to  the  motion  which  it  generates  in  a 
given  time. — This  is  always  known  by  the  quantity  of  a 
force  equal  and  contrary  to  it,  that  is  jost  sufficient  t» 
hinder  the  descent  of  the  body. 

After  these  definitions,  follow  certain  Scholia,  treating  of 
the  nature  and  distinctions  of  Time,  Space,  Place,  Motion, 
Absolute,  Relative,  .\pparent,  True,  Real,  &c.  Af^er 
which,  the  author  proposes  to  show  how  wc  are  lo  collect 
tfae  true  motions  from  their  causes,  effects,  and  apparent 
difierences  ;  aod  vice  versa,  how,  from  the  motions,  either 
tme  or  apparent,  we  may  arrive  at  the  knowledge  of  their 
causes  and  effects.  In  order  to  this,  4ie  lays  down  the  fol- 
lowtng  axioms  or  laws  of  motion. 

lit  t.AW.    Every  body  peiKTcm  in  its  date  ol  rest,  91 


of  uniform  motion  in  a  right  line,  unless  it  be  caapelled 
to  change  that  state  by  forces  impressed  jon  it. — Thus, 
"  Projectiles  persevere  in  their  motions,  so  br  as  they  are 
not  retarded  by  the  resistance  of  the  air,  or  impelled 
downwards  by  the  force  of  gravity.  A  lop,  whose  parts, 
by  their  cohesion,  are  perpetually  drawn  aside  from  recti- 
linear motions,  does  not  cease  its  rotation  otherwise  than 
as  it  is  retarded  by  the  air  or  friction,  &c.  The  greater 
bodies  of  (be  planets  and  icomets,  meeting  with  less  resisU 
ance  in  more  free  spaces,  preserve  their  motions,  both 
progressive  and  circular,  for  a  much  longer  time." 

2d  Law.  The  Alteration  of  motiori  is  always  propor- 
tional to  the  motive  force  impressed;  and  is  made  in  the 
direction  of  the  right  line  in  which  that  force  is  impressed. 
Thus,  if  any  force  generate  a  certain  quantity  of  motion,  a 
double  force  wiH  generate  a  double  quantity,  whether  that 
force  beirapressed  all  at  once, or  in  successive  moatents. 

3d  Law.  I'o  every  action  there  is  always  opposed  an 
equal  re-action :  or  the  mutual  actions  of  two  bodies  upon 
each  other,  are  always  equal,  and  directed  to  contrary 
parts.  Thus,  whatever  draws  or  presses  another,  is  as 
much  drawn  or  pressed  by  that  other,  if  yuu  press  a 
stone  with  your  finger,  the  finger  is  also  pressed  by  tlio 
stone:  &c. 

From  this  axiom,  or  taw,  Newton  deduces  the  follow- 
ing corollaries. — 1.  A  body  by  two  forces  conjoined  will 
describe  the  diagonal  of  a  parallelogram,  in  the  same-time 
that  it  woulit  describe  the  sides  by  those  forces  apart. — 

5.  Hence  is  explained  the  composition  of  any  ouc  direct 
force  out  of  any  two  oblique  oues,  vii,  by  jtiaking  the  two 
oblique  forces  the  sides  of  a  parallelogram,  and  the  dia- 
gonal the  direct  one.— 3.  The  quantity  of  motion,  which 
is  collected  by  taking  the  sura  of  the  motions  directed  to- 
wards the  same  parts,  and  the  difference  of  those  that  are 
directed  to  contrary  parts,  suffers  no  change  from  the 
action  of  bodies  among  themselves;  because  the  motion 
which  one  body  loses,  is  communicated  to  another. — 
4.  The  common  centre  of  gravity  of  two  or  more  bodies 
does  not  alter  its  state  of  motion  or  rest  by  ihe  actions  of 
the  bodies  among  themselves;  and  therefore  the  common 
centre  of  gravity  of  all  bodies,  acting  on  each  other,  (ex- 
cluding external  actions  and  impedimenta,)  is  eitherat  rest, 
or  moves  uniformly  in  a  right  line. — 5,  The  motions  of 
bodies  included  in  a  given  space  are  the  same  among  I  hem- 
selves,  whether  that  space  be  at  rest,  or  move  uniformly 
forward  in  a  right  line  without  any  circular  motion.  The 
truth  of  this  is  evident  from  the  experiment  of  a  ship; 
where  alt  motions  are  just  Jhe  same,  whether  the  ship  be 
at  rest,  or  proceed  uniformly  forward  in  a  straight  line. — 

6,  If  bodies,  any  how  moved  among  themselves,  be  urged 
in  the  direction  of  parallel  lines  by  equal  accelerative 
force),  they  will  all  continue  to  move  among  themselves, 
after  the  same  manner  as  if  they  had  not  been  urged  by 
such  forces. 

The  mathematical  part  of  the  Newtonian  Philosophy 
depends  chiefly  on  the  following  lemmas;  especially  the 
first;  containing  the  doctrine  of  prime  and  ultimate  ra- 
tios.— Lev.  1.  Quantities,  and  the  ratios  of  quantities,- 
which  in  any  finite  time  converge  continually  to  equality, 
and  before  the  end  of  that  time  approach  nearer  the  one 
to  tfae  other  than  by  any  given  difference,  become  ulti- 
mately equal. — Lem.  2  shows,  that  In  aspace  bounded  by 
two  ri^t  lines  and  a  curve,  if  an  infinite  number  of  paral- 
lelogiams  be  inscribed,  all  of  equal  breadth ;  then  the  ul- 
timate ratio  of  the  curve  space  and  the  lum.  uf  tfae  parat- 
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Iclograms,  will  boaratio  of  equality.— I.F.M.Stliow*,  iliat  On  these,  and  such  like  principW,  depends  the  Ncw- 
the  same  ilii<i>t  is  true  uhen  ihe  brtaJilis  of  the  jiaratlrlo-  Ionian  mathcniaticul  philosophy.  'I  he  author  further 
grams  are  uwqual,  shows  how  to  find  the  tenirc  to  which  the  forces  impiilmg 
In  the  succeeding  lemmas  it  is  shown,  in  like  tnannrr,  an;  body  are  dirrcied,  liaviug  liie.  velocity  of  the  body 
thai  the  uliimalc  ratios  of  the  sine,  chord,  and  tangent 'of  given:  and  finds  that  the  centTifugal  force  is  always  as  the 
arc*  iiitinitely  diminished,  are  ration  of  equality,  and  versed  sine  of  the  nascent  arc  directly,  and  as  the  square 
tlierefure  tlini  in  all  our  reaitonings  alinui  these,  wc  may  of  the  time  inversely  ;  or  directly  as^iic  square  of  the  vi>- 
safi-iy  use  the  one  fur  the  other: — that  the  ulliniaieibru  locity,  and  inversely  as  the  chord  of  the  nascent  arc^ 
of  evanescent  triangles,  made  by  the  arc,  chord,  or  tan-  From  these  premises,  he  deduces  the  method  of  finding 


f(eni,  is  that  of  similitude,  and  their  ultimate 
of  equality  ;  and  hence,  in  reasonings  about  ultimate  ra- 
tio?, these  triangles  may  safely  he  used  one  fur  aROtlier, 
whether  they  are  made  nitli  the  sine,  the  arc,  or  the  tan- 
gent.— The  author  then  demonstrates  some  properties  of 
the  ordinates  uf  curvilinear  figures;  and  shotvs  that  the 
spaces  which  a  body  describes  by  any  fidite  force  urging 
ii,  ivhetlitT  that  force  is  determined  and  immutable,  or 
continually  varied,  are  to  each  other,  in  the  very  bfgin- 
ring  of  the  motion,  in  the  duplicate  ratio  of  the  forces : 
— and  lastly,  having  added  ^oine  <lemon$trations  concern- 
ing the  evanescence  of  angles  of  contact,  he  procei  ds  to 
)ay  down  the  mathematical  part  of  his  system,  which  de- 
pends on  the  following  theorems. 

Theor.  1.  The  arras  which  revolving  bodies  describe 
by  radii  drawn  to  an  immoveable  centre  of  force,  lie  in  tfie 
same  immovcuble  plants,  and  are  proportional  to  the  times 
in  which  they  arc  described. — To  this  prop. areanncxcd 
several  corollaries,  respecting  the  velocities  of  bodies  re- 
volving by  centripetal  ftirci'S,  the  directions  and  propor- 
lions  of  those  forces,  fcc;  such  as,  that  the  velocity  of  monstrates  such  pt 
such  a  revolving  body,  is  reciprocally  as  the  pcrpendicu-     trine  of  Descartes's 


th«  centripetal  force  directed  to  any  given  point  when 
body  serolves  in  a  circle;  and  this,  whether  the  central 
point  be  near,  oral  immense  distance  ;  go  that  all  the  lines 
drawn  from  it  may  be  considered  as  parallels.  And  hcr 
shows  the  same  thing  with  regard  to  bodies  revolving  jn 
spirals,  ellipses,  hyperbolas,  or  parabolas.  He  shows  also, 
having  the  figuren^f  the  orbits  given,  how  to  find  the  ve- 
locities and  moving  powers ;  and  indeed  resolves  all  the 
most  difficult  problems  relating  to  the  celestial  bodies  with 
a  surprising  degree  of  mathematical  skill.  1'hesc  problems 
and  demonstrations  are  all  contained  in  the  first  book  of 
the  Principia :  but  an  account  of  them  here  would  nei- 
ther he  generally  understood,  nor  easily  comprised  in  the 
limits  of  this  work. 

In  the  second  book,  Newton  treals  of  the  properties  and 

motion  of  fluids,  and  their  powers  of  resistance,  with  the 

motion  of  bodies  through  such  resisting  mediums,  those 

ances  being  in  ilic  ratio  of  any  powers  of  the  vcloci- 

and  the  motions  being  cither  made  in  right  Imcs  or 

or  vibrating  like  |>endulunis.     And  here  be  de- 

ples  as  entirely  overthrow  the  doc- 

'hich  was  the  fashic 


r  let  fall  from,  the  centre  of  force  upon  the  line  touching  system  in  his  time  ;  concluding  the  book  with  these  words: 
(he  orbit  in  the  place  of  the  body,  6cc.  "  So  that  the  hypothesis  of  vortices  is  ulteily  irreconcile- 

TiiEOR.  2,  livery  body  thai  moves  in  any  curve  line  able  with  astronomical  phenomena,  and  rather  servt*  lo 
described  in  a  plane,  and,  by  a  radius  drawn  to  a  point  perplex  than  explain  the  heavenly  motions.  How  these 
either  immoveable  or  moving  forward  with  a  umlbrm  rec-  motions  arc  performed  in  tree  spaces  without  vortices, 
lilinear  motion,  describes  altout  that  point  areas  proper-  may  be  understood  by  the  first  book ;  and  I  shall  now 
linnat  to  the  times,  is  urged  by  a  ceiilripetal  force  directed     mure  fully  treat  of  it  in  the  following  book  Of  the  System 

of  the  World." — In  this  second  book  he  makes  great  use 
of  the  doctnne  uf  fluxions,  then  lately  invented  ;  for  which 
purpose  he  lays  down  the  principles  ofthat  doctrine  in  thu 
3d  iemniB,  in  these  words  :  "  The  moment  of  any  geni- 
tum,  is  equal  to  the  moments  of  each  of  the  generating 
sides  drawn  into  ths  indices  of  the  powers  of  those  sides, 
and  into  their  coefiicicntB  continually:"  which  rule  he  de- 
other  body,  and  of  the  whole  accelerative  force  by  which      monstrates,   and  then   adds  the  fullewing  scboliu 


to  that  point. — With  corollaries  rela 

in  resisting  mediums,  and  to  the  direction  of  the  forces 

when  the  areas  are  not  proportional  to  the  times. 

TuBOft.  3.  Every  body  that,  by  a  radius  drawn  to  the 
centre  of  another  body,  any  how  moved,  describes  areas 
about  that  centre  proportional  to  the  times,  is  urged  by  a 
■  force  compounded  of  the  centripetal  forces  tending  to  that 


that  othiT  body  is  impelled.— With  several  corollaries. 

TiiEOR.  4.  The  centripetal  -force  of  bodies,  which  by 
equal  motions  d^cri  be  ditfcrcnt  circles,  tend  to  the  centres 
of  the  same  circles;  and  are  one  to  the  other  as  the 
squares  of  the  arcs  described  in  equal  times,  applied  to  the 
radii  of  the  circles. — With  many  corollaries,  relating  to 
the  velocities,  times,  periodic  forces,  &c.  And,  in  a  scho- 
lium, the  author  further  adds,  Moreover,  by  means  of  the  not  only  to  the  drawing 
foreg..ing  proposition  and  its  corollaries,  we  may  discover     whether  geometrical 


cerningtheinvention  of  that  doctrine;  "In  a  letter  of  mine," 
says  he,  "  to  Mr.  J.  Collins,  dated  December  10,  l679, 
having  described  a  method  of  tangents,  which  1  suspected 
to  be  the  same  with  Slusius's  method,  which  at  that  time 
was  not  made  public  ;  I  subjoined  these  words :  '  This  is 
one  particular,  or  rather  a  corijllary,  of  a  general  method 
which  extends  itself,  withontany  troublesome  calculation, 
if  tangents  to  any  curve  lines, 
nical,  or  any  liow  respecting 


the  proportion  of  a  centripetal  force  to  any  other  known  right  lines  or  other  curves,  but  also  to  the  resolving  othej 

force,  such  as  that  of  gravity.     Fur  if  a  body  by  means  of  abstruser  kinds  of  problems  aliout  the  curvature,  artias, 

its  gravity  revejve  in  a  circle,  concentric  to  the  earth,  this  lengths,  centres  of  gravity. of  curves,  &c;  nor  is  it  (as 

gravity  is  the  centripetal  force  of  that  body. — But  from  Hudden's  method  de  maximis  et  minimis)  limited  tocqua- 

the  descent  of  heavy  bodies,  the  time  of  one  entire  icvolu-  tions  which  arc  free  from  suid  quantities.     This  method  i 

tion,  as  well  as  the  arc  described  in  any  given  time,  is  have  interwoven  with  that  other  of  working  in  equations, 

given  bya  corol,  to  thisprop.     And  by  sucb  propositions,  by  reducing  them  to  infinite  series.'     So  far  that  letter. 

Mr.  Huygens,  in  his  excellent  book  De  Horologio  Oscil-  And  these  last  words  relate  to  a  treatise  1  composed  on 

latorio,  has  compared  the  force  of  gravity  with  the  centri-  that  subject  in  the  j  ear  1671."     Which,  at  least,  is  thcte- 

fugat  forces  of  revolring  bodiet.  fore  the  date  of  the  iiiveution  of  the  doctrine  of  fluxions. 
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On  enteringnpon  tho  3d  book  of  the  Principit,  Newton  tioot.    The  mathematicBl  dcBonttrationt  ave  next  a)ip)ie^ 

briefly  recapitulate}  the  contentt  of  the  two  foniier  bookt  by  Newton  id  the  following  propositi  on  i. 
in  these  words:  "In  the  preceding  books!  Lave  laid         P&op.  1.  The  forces  by  which  the  uUellite*  of  Jupiter 

down  the  principles  of  philosophy  ;  priociples  not  pbjlo-  are.continually  drawn  off  from  rectilinear  motions,  and 

(ophica),  but  mathematical ;  such,  to  wit,  at  we  miy  retained  in  their  proper  orbits,  tend  to  the  centre  of  that 

baild  our  reasonings  upon  ia   philosophical .  inquiries,  planetiandarereciprocally  as  the  squares  of  the  disiancet 

These  principles  are,  the  laws  and  condilions  of  certain  of  those  satellites  from  that  centre.— Pkof.  2.  The  same 

motions,  and  powers  or  furcet,  which  chiefly  have  respect  thing  is  true  of  the  primary  planets,  with  respect  to  the 

to  philosophy.     But  lest  they  should  have  appeared  of  sun's  centre.— Prop.  3.  The  tame  thing  it  also  true  of  thp 

themselves  dry  and  barren,  I  have  illustrated  them  here  moon,  in  respect  of  the  earth's  centre. — Pnor.  4.  The 

and  there  with  some  philosophical  scholiums,  giving  an  ac-  moon  gravitates  towards  the  earth  ;  and  by  Ihe  force  oi 

count  of  such  things  as  are  of  a  more  general  nature)  and  gravity  is  continually  drawn  off  from  a  rectilinear  motion, 

which  philosophy  seems  chiefly  to  be  founded  on;  such  and  retained  in  her  orbit. — Prop,  5.  >Tbe  same  thing  i| 

as  the  dentity  and  the  resistance  of  bodies,  spaces- void  of  true  of  all  the  other  planets,  both  primary  and  secondary, 

dl  matter,  and  the  motion  of  light  and  sounds.     It  re-  each  with  retpcct  to  the  centre  of  its  motion. — Prop.  ti. 

mains,  he  adds,  that  from  the  same  principles  I  now  de-  All  bodies  gravitate  towards  every  planet ;  and  the  weighs 

nonstraic  the  frame  of  the  system  of  the  world.     Upon  of  bodies  towards  any  one  and  the  same  planet,  at  equal 

this  subject,  1  bad  indeed  composed  the  3d  book  in  a  po-  distances  from  its  centre,  are  proportional  to  the  quanti- 

pular  method,  that  it  might  be  read  by  many.     But  after-  ties  of  matter  they  contain. — Prop.  7.  There  is  a  power 

wards  considerijig  that  such  us  had  not  sufficiently  entered  of  gwvity  tending  to  all  bodies,  proportional  to  the  seve- 

e  prjnciplvt  could  not  easily  discern  the  strcn};th  of  ral  quantities  of  matter  which  they  contain.— Prop.  8. 


the 'consequences,  nor  lay  aside  the  prejudices  to  which 
they  had  been  tanny  y<.'ars  accustomed ;  therefore  to  pie- 
vent  the  disputes  which  might  be  raised  on  >uch  accounts, 
I  choK  to  reduce  the  substance  of  that  book  into  the  form 
of  propositions,  in  theraatbcmaticul  way,  which  should  be 
read  by  those  only,  who  had  first  made  ihemtelves  masters 
of  the  principles  eiilabVishi-d  in  the  preceding  books." 

As  a  nectrssury  preliminary  to  ibis  3d  pan,  Ncwion  lays 
down  [he  folldwing  tuli's  for  reasoning  in  natural  philoso- 
phy;—!. We  arc  to  admit  no  more  causes  of  natural 
thing!,  than  such  as  are  both  trueandsufTiciem  to  explain 
their  natural  appearanci's.— -S-  Therefore  to  the  some  na- 
tural effects  we  must  alwajs  assign,  as  far  a»  possible,  the 
sume  cuuMis. — 3.  Tbc  quiilities  of  bodies  which  admit 
.  neither  iptensinn  nor  remission  of  degrees,  and  which  are 
found  lo  belong  to  allbodies  within  the  reach  of  our  ex- 
pi.-ri merits,  arv  to  be  isteemed  the  universal  qualities  of  all 
budics  whatever.— 4.  In  c.^pirimental  philosophy. 


to  coii:<ider  pn)pi 

from  plicjiuniena,  ns  accurately  or  very  nearly 
withstanding  any  contrary  hypoihi'ses  that  may  be  ima' 
gined,  tifl  such  tiiut;  ;is  other  phenomena  occur,  by  whict 
ibey  may  either  be  made  more  accurate,  or  liable  to  ex- 
cep  lions. 

'I  he  phenomena  first  considered  are,  I.  That  the  salel 


Uccied  by  general  induction     gravity  of  the  earth,  the 


ipheres  mutually  gravitating  each  towards  ibe 
other,  if  the  matter  in  places  on  all  sides,  round  about  and 
equidistant  from  the  centres,'  be  similar;  the  weight  of 
either  sphere  Vuwards  tbc  other,  will  be  reciprocally  as  tba 
square  of  the  distance  between  their  centres. — Hencp  ara 
compared  together  the  weights  of  bodies  towards  different 
planets  :  hence  also  are  discovered  the  quantities  of  mat- 
ter in  the  several  planets:  and  hence  likewise  are  found 
tbc  densities  of  the  planets. — Prop.  9.  The  force  of  gra- 
vity, in  parts  downwards  from  the  surface  of  the  plancta 
towards  ibeir  centres,  decreases  dearly  in  the  proportion 
of  the  distances  from  those  centres. 

These,  and  many  othor  pruposiiions  and  corollaries,  are 
proved  or  illustrated  by  a  great  variety  of  experiments,  in 
all  the  great  points  of  physical  astronomy  ;  such  as,  'iliat 
the  motions  of  the  planets  in  th>.-  licaieus  may  subsist  m 
exceeding  long  time;-~That  the  centre  of  the  system  of 
the  world  is  immoveable ;— That  the  common  centre  W 


.and  all  ihe  plar 
not-  moveable  ;-i-That  the  sun  is  agitated  by  a  perpetual  mo- 
tion, but  never  recedi't  fai  fjum  the  common  centre  of 
gravity  of  all  the  planets: — That  the  planeis  move  in  el- 
lipses which  have  their  common  focus  in  thu  cenire  of  the 
suni  and,  by  radii  drawn  to  that  centre,  tbey  descriM 
areas  proportional  to  the  tlnii-s  of  description  1— The  aphe- 


lilcs  of  Jupiter,  by  radii  drawn  10  his  centre, detcriheareas  lioni  and  nodes  of  the  orbits  of  tho  planets  are  fi\t :— To 

proportional  to  the  times  of  description  j  and  that  their  find  ihe  aphelions,  e xccn trie i ties,  and  principal  diam<-ier*. 

periodic  times,  the  fixed  stars  being  at  rest,  are  in  the  of  the  orbits  of  the  planets:— That  the  diurnal  motions  <f 

■rsqui duplicate  ratio  of  their  distances  from  that  centre,  the  planets  arc  uniform,  and  that  the  librationofthopooii 

a,    I'lie  same  thing  is  likewise  abser^ed  of  the  phenomena  arise*  from  her  diurnal  motion  :— Uf  the  proportion  bi- 

of  Saturn.     3.  The  five  primary  planets,  Merf  ury,  Venus,  tween  the  axes  of  the  planets  and  the  diameters  |)erp<'ndi- 


Mars,  Jupiier,  and  .Saturn,  with  their  several  orbits,  en- 
compass the  sun.  4.  The  ti\cd  start  being  supposed  at 
n.'si,  the  puiindic  tinier  of  the  said  five  primary  planets, 
aod  uf  the  earth,  about  the  tun,  are  in  ibe  sesquiduplicaio 
propiii  lion  of  tneir  mean  distances  from  the  sun.  3.  The 
priiiiury  planets,  by  radii  drawn  to  the  earth,  describe 


no  wfyg  proportional  1 


the  tin 


lo  those  axes : — Of  the  weights  of  bodies  In  the  dif- 
fcrent  regions  of  our  earth  :— That  tho  equinoctial  points 
go  backwards,  and  that  the  earth's  axU,  by  a  nutation  in 
every  annual  revolution,  twice  vibrates  towardsihe  eclip- 
tic, and  as  often  returns  to  its  former  position  : — That  all 
the  motions  of  the  moon,  and  all  the  im't^uulitivii  of  ibusa 


which  they  describe  by  radii  drawn  to  the  tun 
portional  tu  the  tiroes  of  description.  6.  Tho  moon,  by 
a  radius  drawn  to  the  ci-nire  of  theearlbi  describes  an 
area  proportional  to  the  time  of  description.  All  which 
plicnoiiiena  are  clearly  evinced  by  astronomical  obterva- 
Vol.  11. 


;  but  the  areas     motions,  follow  from  ibe  principles  above  laid  do^ 


Uf  the  unequal  motions  of  the  satellites  of  Jiijiit 
Saturn  : — Of  the  t]ux  and  rcfiux  of  thesea,  asnrising  Vrnia 
the  actions  uf  the  sun  and,  munn ; — Uf  tho  forces  niih 
which  the  sun  disturbs  the  moiionsot  the  moon  i  ol  the  v». 
rious  moliont  of  the  moou,  of  her  orbit,  variation,  imlnia- 
P 
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liBM  of  her  orbit,-an<l  the  several  moiions  of  her  nodes: 
—Of  the  lidei,  wiib  the  forces  of  the  sun  and  moon  to 
produce  them :— Of  the  figure  of  the  moon's  body  : — Of 
the  precession  of  the  equinoxes  : — And  of  the  motions  and 
trajectory  of  coratls.  The  great  aulhor  then  concludes 
with  a  general  scholium,  containing  reflections  on  the  prin- 
cipal parts  of  the  great  and  beautiful  system  of  the  uni- 
verse, and  of  the  infinite,  eternal  Creator  and  Go?ernor 
of  it. 

"  The  hypothesisof  vortices,"  says  he,  "  is  pressed  with 
many  diAiculties.  That  every  pbinet  by  a  radius  drawn 
to  the  sun  may  describe  areas  proportional  to  the  times 
of  description,  the  periodic  times  of  the  several  parts  of  the 
vortices  should  observe  the  dupljcate  proportion  of  their 
distances  from  the  sun.  But  that  the  p>erindic  times  of 
the  planets  may  obtain  the  aesquiduplicale  proportion  of 
their  distances  from  the  sun,  the  periodic  limes  of  the  parts 
of  the  vortex  ought  to  be  in  the  sesquiduplicatc  proportion 
of  their  distances.  That  the  smaller  vortices  may  main- 
tain their  lesser  revolutions  about  Saturn,  Jiipiter,'and 
other  planets,  and  swim,  quietly  and  undisturbed  in  the 
■greater  vortex  of  the  sun,  the  periodic  times  of  the  parts 
of  the  sun's  vortex  should  be  equal.  But  the  rotation  of 
the  sun  and  planets  about  their  axes,  which  ought  to  cor- 
respond with  the  motions  of  their  vortices,  recede  far  from 
all  these  proportioiis.  The  motions  of  the  comets  are  ex- 
ceeding  regular,  are  governed  by  the  same  laws  with  the 
motions  of  the  planets,  and  can  by  no  means  be  accounted 
for  by  the  hypothesisof  vortices.  For  comets  are  carried 
with  very  excentric  motions  through  all  parts  of  the  hea- 
vens indifferently,  with  a  freedom  that  is  incompatible  with 
the  notion  of  a  vortex. 

*'  Bodies,  projected  in  our  air,  suffer  no  resistance  but 
from  the  air.  Withdraw  the  air,  as  is  done  in  Mr.  Boyle's 
vacuum,  and  the  resistance  ceases.  For  in  this  void  a  bit 
of  fine  down  and  a  piece  of  solid  gold  descend  with  equal 
velocity.  And  the  parity  of  reason  must  take  place  in 
the  celestial  spaces  above  the  earth's  atmosphere;  in 
which  spaces,  where  there  is  no  air  to  resist  their  motions, 
all  bodies  will  move  with  the  greatest  freedom;  and  the 
planets  and  «omets  will  constantly  pursue  their  revolu- 
tions in  orbits  given  in  tind  and  positiim,  according  to  the 
laws  above  explained.  But  though  these  bodies  may  in- ' 
deed  persevere  in  their  orbits  by  the  mere  laws  of  gravity, 
^t  they  could  by  no  means  have  at  first  derived  tl^  regu- 
lar position  of  the  orbits  themselves  from  those  laws, 

*'  The  six  primary  planets  are  revolved  about  the  suli, 
in  circles  concentric  with  the  sun,  and  with  motions  di- 
rected towards  the  same  parts,  and  almost  in  the  same 
plane.  Ten  moons  are  revolved  about  the  earth,  Jupiter 
and  Saturn,  in  circles  concentric  with  them,  with  the 
same  direction  of  motion,  and  nearly  in  the  planes  of  the 
orbits  of  those  planets.  Bnt  it  is  not  to  be  conceived  that 
mere'  mechanical  causes'  could  give  birth  to  so  many  re- 
gular motions :  since  the  comets  range  over  all  parts  of 
the  heavess.  in  very  excentric  orbits.  For  by  that  kind  of 
motion  they  pass  easily  through  the  orbs  of  the  pinnets, 
and'  with  great  rapidi^ ;  and  in  their  aphelion^,'  where 
they  move  the  slowest,  and  are  detained  the  longest,  they 
recede  to  the  greatest  distances  from  each  other,  and 
thence  suffer  the  least  disturbance  from  their  mutual  at- 
tractioDs.  This  most  beautiful  system  of  the  sun,  planeU, 
and  comets,  could  only  proceed  from  the  counsel  and  do- 
minioa  of  an  tntelligetit  and  powerftiL  Being.    And  if  the 
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fixed  stars  are  the  centres  of  other  lik<e  systems,  these 
being  formed  by  the  like  wise  counsel,  must  be  all  subject 
to  the  dominion  of  one;  especially,  since  the  light  of  the 
fixed  stars  is  of  the  same  nature  with  the  light  of  the  sun, 
and'  from  every  system  light  passes  into  all  the  other  sys- 
tems. And  lest  the  system  of  the  fixed  stars  should,  by 
their  gravity,  fall  on  each  other  mutuHJly,  he  hath  placed 
those  systems  at  immense  distances  one  from  another." 

Then,  after  a  truly,  pious  and  philosophical  descant 
on  theallribut^of  the  Bi-ing  who  could  give  existence  and 
continuance  to  such  prodigious  mechanism,  and  with  so 
much  beautiful  order  and  regularity,  the  great  author  pro- 
ceeds; "  Hitherto  we  have  explained  the  phenomena  of 
the  heavens  and  of  our  sea,  by  the  power  of  gravity, 
but  have  not  yet  assigned  the  cause  of  this  power.  This 
is  certain,  that  it  must  proceed  from  a  cause  that  pene- 
trates to  the  very  centres  of  the  sun  and  planets,  without 
sufiering  the  least  diminution  of  its  force;  tliat  it  operates, 
not  according  to  the  quantity  of  the  surfaces  <rf  the  par- 
ticles upon  which  it  acts  (as  mechanical  cuuses  do),  but 
according  to  the  quantity  of  the  solid  matter  which  they 
contain,  and  propagates  lis  virtue  on  all  sides,  to  immense 
distances,  decreasing  always  in  the  duplicate  proportion 
of  the  distances.  Gravitation  towards  the  sun,  is  made  up 
out  of  the  gravitations  towards  the  several  particles  of 
which  the  body  of  the  sun  is  composed;  and  in  receding 
from  the  lun,  decreases  accurately  in  the  duplicate  pro- 
portion of  the  distances,  as  far  as  the  orb  of  Saturn,  as 
evidently  appears  from  the  quiescence  of  the  aphelions  of 
the  planets;  nay,  and  even  to  the  remotest  aphelions  of 
the  comets,  if  those  aphelions  are  also  quiescent.  But  hi- 
therto I  have  not  been  able  to  discover  the  cause  of  those 
properties  of  gravity  from  phenomena,  and  I  frame  no 
hypotheses.  For  whatever  is  not  deduced  from  the  phe- 
nomena, is  to  be  called  an  hypothesis ;  and  hypotheses, 
whether  metaphysical  or  physical,  whether  of  occult  qua- 
lities or  mechanical,  have  no  place  in  experimental  philo- 
sophy. In  this  philosophy,  particular  propositions  are  in- 
ferred from  the  phenomena,  anil  afterwards  rendered  ge- 
neral by  induction.  Thus  it  was  that  the  impenetrability, 
the  mobility,  and  the  impulsive  force  of  bodies,  and  the 
laws  of  motion  and  of  gravitation,  were  discovered.  And 
'  to  us  it  is  enough,  that  gravity  does  really  exist,  and  act 
according  to  the  laws  which  we  have-explained,  and  abun- 
dantly serves  to  account  for  all  the  motions  of  the  celestial 
bodies,  and  of  our  sea. 

"  And  now  we  might  add  something  concerning  a  cer- 
tain most  subtle  spirit,  which  pervades  and  lies  hid  in  all 
gross  bodies,  by  the  force  and  action  of  which  spirit,  the 
particles  of  bodies  mutually  attract  one  another  at  near 
distances,  and  cohere,  if  contiguous,  and  electric  bodies 
operate  to  greater  distances,  as  well  repelling  as  attracting 
the  neighbouring  corpuscles;  and  light  is  emitted,  re- 
flected, refracted,  inflected,  and  heats  bodies ;  and  all  sen- 
sation is  excited,  and  the  members  of  animal  bodies  move 
at  the  command  of  the  will,  nanjely,  by  the  vibrations  of 
this  spirit,  mutually  propagated  along  the  solid  filaments 
of  the  nerves,  from  the  outward  organs  of  sense  to  the 
hrain,  and  from  the  brain  into  the  muscles.  Buttheseare 
things  that  cannot  be  explained  in  few  words,  nor  are  we 
fuTDisbed  with  that  sufHciency  of  experiments  which  i* 
required  to  an  accurate  determination  and  demonstration 
of  the  laws  by  which  this  electric  and  elastic  spirit  ope- 
rates." 
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KICHE,  a  canty,  or  fcollow  part,  Id  the  UiickiteM  of  a  fame)  1744.— -36.  Determination,  by  IncominensursMei 

Wall,  to  place  a  figure  or  itatue  in.  end  Decimal),  ^e  Valum  of  tb'e  Sidea  and  Ar^i  of  the 

NICOLE  (FRAWCia),  a  celebrated  French  matheroa-  Series  in  a  Double  Progresiion  of  Regular  Poly^ona,  in; 

tician,  was  born  at  Paris  December  the  23(1,  l683.     Hi*  icribeil  in  anij  circumscribed  about  a  Circle;  1747.' 
early  attachment  to  the  mathematics  induci'd  M.Mont-         NICOMEDES,  an  ancient  mathematician,  who  llou- 

mort  to  take  the  charge  of  his  education  ;  and  he  dpeoed  rUhed  in  the  2d  century  of  the  Christian  sera,  and  was 

.to  him  the  way  to  the  higher  geometry.     He  first  became  celebrated  for  his  invention  of  the  curve  called  tlie  Con-' 

publicly  remu^able  by  detecting  the  fallacy  of  a  pre-  cboid. 

ten<led  quadrature  of  the  circle.     This  quadrature  ft  M.         NIEUWENTYT  (Bkrvard),  an  eminent  Dutch  phi- 

Mathulon  *a  assuredly  thought  he  bad  discovered,  that  losopher  and  mathematician,  was  horn  on  the  10th  of 

he  deposited,  in  the  hands  of  a  public  notary  at  Lyoo«,  August  1654,  at  Westgnafdyic  in  North  Holland,  whrire 

the  sum  of  3000  livres,  to  be  paid  to  any  pcraon  who,  in  hit  father  was  minister.     He  discovered  very  early  a  good 

the  judgment  of  the  Academy  of  Sciences,  should  de-  genius  and  a  strong  inclination  for  learning;  which  was 

monstrate  the  falsity  of  his  solution.     M.Nicole,  piqued  carefully  improved  by  a  suitable  education.     He  had  also 

ui  this  challenge,  uodertook  .the  task,  and  exposing  the  that  prudence  and  sagacity,  which  led  him  to  pursue  li- 

paralogism,  the  Academy's  judgment  was,  that  Nicole  terature  by  sure  and  proper  steps,  acquiring  a  kind  of 

had  plainly  proved  thai  the  rectilineal  figure  which  Ma-  mastery  in  one  science  before  he  proceeded  to  another, 

thulon  had  given  as  equal  to  the  circle^  was  not  only  un-  His  father  had  deigned  him  for  the  ministryi  but  seeing 

equal  to  it,  hut  that  it  Was  even  peater  than  the  polygon  his  inclination  did  not  lie  that  way,  he  prudently  left  him 

of  32  silks  circumscribed  about-  the  circle.— The  prize  to  pursue  the  bent  of  his  genius.     Accordingly  young 

of  3000  livres,  Nicole  preseated  to  the  public  hospital  of  Nicuwentyl.'apprehending  that  nothing  was  more  useful 

Lyons.  than  fixing  his  imagination  and  forming  his  judgment  well. 

The    Academy    named    Nicole,    Eldve- Mechanician,  applied  himself  early  to  logic,  and  the  art  of  reasoning 

March  12,  1707 ;  Adjunct  in  i7l6.  Associate  in  17)8,  justly,  in  which  he  grounded  himself  on  the  principles  of 

and    Pensioner  in    1724  t  which  he  continued    till   his  Descartes,  with  whosephilotophyho  was  greatly  delighted, 

death,  which  happeiwd  the  ISlh  of  JanuAry  17^8,  at  75  From  thence  he  proceeded  to  the  mathematics,  in  which 

yean  of  age.  he  made  a  considerable  proficiency  ;  though  the  npplica- 

Hi^  works  were  al|  inserted  in  the  ditfercnt  volumes  of  tion  he  gave  to  that  branch  of  learning  did  not  prevent 

the  Memoirs  of  the  Academy  of  Sciences )  and  are  a(  him  from  studying  both  l^iW  and  physic. '  In  fact  he  sue- 

follow  !  ceeded  in  all  these  sciences  so  well,  as  deservedly  to  «c- 

1.  A  General  Method  for  determining  the  Nature  of  quire  the  chnractet  of  a  good  pbilotopber,  a  great  mathe- 

Curves  formed  by  the  Rolling  of  other  Curves  upon  any  matician,  an  expert  physician,  and  an  abl^  and  just  mttf 

Oiv-cn  Curve;  in  the  volume  for  (he  year  1707. — 2.  A  ^istrale. 

(j cm-nil  Method  for  Rectifying  all  K^ulets  upon  Right  and  Though  he  was  naturally  of  a  grave  and  serious  dispo- 
Circular  Bases;  1708. — 3,  General  Method  of  determin-  tition,yet  he  was  very  affable  and  agreeable  in  <w>nwersa- 
iag  the  Nature  of  those  Curves,  jvhich  cut  an  Infinity  of  tion.  His  engaging  manner  procured  the  affection  of  every 
other  Curves  given  in  Positiou,  culling  ihem  always  in  a  oae;  and  by  this  means  he  often  drew  over  to  his  opinion 
Constant  Angli'!  17 1  J.— 4.  Solution  of  a  Problem  pro-  those  who  before  differed  very  widely  from  hira.  Thus 
poied  by  M.  de  Lagny;  1716. — A.  Treatise  of  the  Cal-  accomplished,  he  acquired  a  great  esteem  and  credit  in 
cuius  of  Finite  DiffiTenccs;  1717. — 6.  Second  Part  of  the  council  of  the  town  of  Puremerende,  where  he  resided; 
the  ChIciiIub  of  Finite  DiSerences  ;  1723. — 7.  Second  as  ho  did  also  in  the  states  of  that  province,  who  respited 
Section  of  ditto  ;  1733- — S.  Addition  to  the  two  fore-  him  the  teore,  inasmuch  as  he.  never  engaged  in  any 
going  papers;  1724- — 9-  ^evi  Proposition  in  Elementary  cabals  or  fhctions,  in  order  to  si-cure  it;  regarding  in  his 
Gpometry;  1723. — 10.  New  Soluiion  of  a  Problem  pro-  conduct,  an  open,  honest,  upright  behavioiiri  as  the  ben 
posid  to  the  English  Mathematicians,  by  the  late  M.  sourccpf  satisfaction,  and  relyinRSolelyon  his  merit.  In 
Leibniti ;  172J-—  1 1.  Method  of  Summing  an  Infinity  of  fact,  he  was  more  attentive  to  cultivate  the  science,  than 
New  Series,  which  are  not  sumraabi^  bv  any  other  known  eager  to  obtain  the  honoud  of  the  govermnent;  content- 
method;  1727- — 12.  Treatise  of  the  Lines  of  tbe  Third  ing  hipnetf  with  being  counsellor  end  burgomaster,  with* 
Order,  or  the  Curves  of  the  Second  Kind;  I/S^.-^IS.  Kx>  out  courting  or  accepting  any  other  potts,  which  might  in* 
aojinacion  and  Resolution  of  tome  Questions  relating  to  t^rfere  with  his  studies,  and  draw  him  too  much  out  of  hit 
Play;  1730. — 14.  MethoJof  determining  the  Chances  at  library. — Nieuwentyt  died  the  7[h  of  March  1730,  at  76 
Flay. — 15.  Ubaervations  on  the  Conic  Sections;  1731.—  years  of  age,  having  been  twice. married.— He  was  author 
16.  Manner  of  generating,  in  A  Solid  Body,  all  the  Lines  of  several  works,'  in  the  Latin,  French,  and  Dutch,  Ian* 
of  the  Third  Oi^er;  1731. — 17.  Manner  of  determining  guagcg,  the  principal  of  which  are  the  following^ 
the- Nature  of  Rouleti  formed  on  the  Convex  Surface  of  a  1.  A  Treatise  in  Dutch,  proving  the  Exiitence'of  Gn<i 
Sphere;,  and  of  determining  which  are  Geometric,  and  by  the  Wonden  of  Nature;  a  much  esteemed  work,  whic% 
which  arc  Rectifiable;  173^.— 18.  Solution  of  aProhlem  went  through  many  editions.  It  was  translated  also  into 
in  Geometry ;  17SS-— 19.  The  Ute  of  Series  in  resolving  several  langoaget,  at  tbe  French,  and  the  Engtidi,  under 
many  Problems  in.  the  ln'ver««  Method  of-Tangentt;  tht>  title  of.  The  Religious  Philaeopberi  &c. 
1737.— -20.  Observations  on  the  Irreducible  Case  in  Cubic  9.  A  Refuution  of  Spinota,  in  the  Dutch  language. — 
Equations;    1738.— «1.  Observations   on  Cubic  Equa*  3.  Analysis  Infinitorum ;  I693,  4to.— 4.  Considerationes 

tiont;  1738 22.  On  the  TrisectioDof  anAngle;  1740.—  secundt*  circa  Cakuli  Diffei-QnlialiRPrincipln;  169S,  8vo. 

.  2a.  On  the  irreducible  Case  in  Cubic  Equations  i  1741.-'  —In  this  work  h«  attacked  Leibnitf,  and  was  antwei'ed  by 

S4.  AddiUon  to  ditto ;  1743.— 25.  Hit  Lntt  Pap«r  on  tb*  John  Bernoulli  and  Jaraet  HerniBn.— 5.  A  Traatise  on 
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the  New  Uie  of  tbe  Tables  of  Siuct  and  Taogenti.— 6.  A 
Letter  to  Bothnia  or  Burmania.onthe  Subject  of  Meteors. 

NITROGEN,  or  Nitkou^  Gas,  (Hit  phlogUticati-d  air 

of  Pricttlcy,)  furmi  the  unretpirable  part  of  atniospberic 

'  wr,  and  exists  in  it  in  tbc  pruportion  of  7H  per' cent,  esti- 

matrd  by  bulk,  or  74  per  cent,  by  weight.     Ste  Ailiin's 

CUemicai  Dictionary,  article  Azote. 

NIGHT,  that  pan  of  the  natural  day,  during  wliich 
the  buii  is  beluw  the  horiion:  though  soLuetimes  it  is  un- 
derstood that  tbe  twilight- is  referred  to  the  duy,  or  tbe 
time  tbe  sun  is  above  the  borison  ;  ibc  reroainder  only 
being  the  night.  Under  th*  equator,  the  nights 
tbrmer  sense,  are  always  equal 
s  lung.    But  under  the 


ft  year. 


R  ancient  Gauls  and  GBrniuns  divided  tbe 
it  by.  days,  but  nights ;  as  apptwrs  from  Ceesar  and 


bright  ttar  or  pisrd  of  the  Little  Bear,  if  the  instrument 
be  fitted  to  that  stur :  then  that  lootb  qf  the  upper  circle, 
under  tbe  edge  of  ifae  index,  is  at  the  hour  of  the  ni<^ht  on 
the, edge  of  the  huur-circle,  which  may  be  linowM  wnboiit 
a  light,  by  counting  tbe  tueib  from  tbe  longest,  which  ii 
for  the  hour  of  IS. 

NODATED  HyperMa,  one,  so  called  by  Newton, 
which  by  turning  round  decusuiiL-s  or  crosses  itself':  as  in 
tbe  3d,  and  seteral  other  specitrs,  of  bis  Enumeralio  Linea- 
rum  Tertii  Ordinis. 

NUDES,  l'h«  two  opposite  points  where  the  orbit  of  a 

planet   intersects   tbe  fcFiptic.     That,   where   the   planet 

the  days  \  each  being  12     ascends  from  the  south  Co  tbe  north  side  uf  tbt-  ecliptic,  is 

the  night  continues  half     called  the  ascending  nude,  or  the  Dragila's  hiad   i 


Tacilus;  also  the  Arabs  and  the  Icslandcrs  do  tbi 

The  same  may  also  be  observed  of  our  Saxon 

whence  our  custom  of  saying,  sevennigbt,  fortnight,  itc. 

NOCTILLJCA,  a  species  of  phosphorus,  so  called  be- 
cause it  shines  in  the  night,  without  any  light  being 
thrown  on  it:  such  is  the  phosphorus  made  of  urine.  By 
vhich  it  atauda  distinguished  from  some  other  gpecies  of 
phospborui,  which  require  to  be  exposed  to  the  sun-beams     nigns,  or  from  east  tt 


IQOon,  and  marked  thus  Q  :  and  the  opposite  point,  where 
the  planet  descends  froni  tlie  north  to  tbe  south  side  pf 
the  ecliptic,  is  culled  the  descending  node,  or  Dragon's 
tail  in  the  moon,  and  is  thus -marked  Q.  Also  the  right 
line  drawn  froro  Ihc  one  node  to  the  other,  is  called  the 
line  of  the  nodes. 

By  observation  it  appears  that,  in  all  the  planets,  the 
line  of  the  nodes  continually  changes  it*  place,  its  motion 
being  in  atiiecedentia  i  i.  e.  contrary  to  tbe  order  of  the 


ith  a  peculiar  degrc 

rograde  motiu 


•  by  a 


e  they  will  shine;  as  the  Bon onian- stone,  &c. 
Boyle  has  a  particular  treatise  on  this  nubjqct. 

NOCTURNAL  Aich,  is  the  arch  of  a  circle  described 
by  the  sun,  or  a  star,  in  the  night. 

NocTUHVAi.,  or.NocTURLABiVH,  denotes  an  instru- 
mentt  chietly  used  at  sea,  to  take  the  altitude  or  depres- 
sion of  the  pole-gtar,  and  some  other  stars  about  the  pole, 
for  finding  the  latitude,  and  the  hour  of  tbe  night. 

There  are  several  kinds  of  this  instrument;  some  of  of  the  nodes,  b 
which  are  projections  of  the  sphere ;  such  as  the  bemi-  moon.  ' 
spheres,  or  planispheres,  on  the  plane  of  the  equinoctial.  For  s  full  treatise  on  the  nodes  of  the  planets,  see  La- 
Tbe'seamen  commonly  use  two  kinds;  the  one  adapted  to  Isnde's  Astronomy,  in  muny  articles  as  shown  by  the  in- 
the  pole-star,  and  the  first  of  the  guards  of  the  Little  dex  at  the  end  uf  tbe  3d  volume,  and  the  result  of  the 
~       ;  the  other  to  tbe  pole-star  and  the  pointers  of  the     whole  in  vol.  S,  pa.  134,  where  he  gives  a  table  of  the 


n  for  each  planet, 
line  of  the  moon's  nodes  completes  its  circuit  in  IH  years 
Liid  325  days,  inwbich  time  the  node  returns  a^ain  to  the 
iame  point  of  the  ecliptic.  Newton  has  nut  only  shown,  that 
.his  motion  arises  from  the  action  of  the  sun,  but,  fiom 
its  cause,  he  has  with  great  skill  calculated  all  the  ele- 
ments and  varieties  in  this  motion.  Sec  his  Princip;  lib.  S, 
prop.  30,  31,  &c. — The  moon  must  be  in  or  near  one 
"    ■  ■       '  >  make  an  eclipse  either  of  the  sun  or 


Great  Bear. 

The  nocturnal  consists  of  two  circular  plates  (fig.  1  j, 
pi.  17)  applied  over  each  other.  I'he  greater,  which  has 
iihandlii  to  hold  the  instrument,  is  about  3^  inches  dia- 
meter, and  is  divided  into  12  parts,  answering  to  the  12 
months;  also  each  month  subdivided  into  every  jth  day; 
and  in  such  manner,  that  the  middle  of  the  handle  cor- 
responds to  that  day  of  the  year  in  which  the  star  here 
respected  has  the  same  right  ascension  with  the  sun. 

When  the  instrument  it  fitted  for  two  stars,  the  handle 
is  made  moveable.  The  upper  circle  is  divided  into  34 
equal  parts,  for  the  34  hours  of  the  day,  and  each  hour 
subdivided  into  quarters,  as  in  the  figure.  These  34  hours 
are  denoted  by  34  teeth  ;  to  be  told  in  the  night.  lo  the 
centre  of  tbe  two  circular  plates  is  adjusted  a  long  index 
A,  moveable  on  the  upper  plate.  Aad  the  three  pieces, 
Ti>,thetwo  circles  and  index,  are  joined  by  a  rivet  which 
is  pierced  through  the  centre,  with  a  hole  3  inches  in  dia- 
meter, for  tbe  star  to  be  observed  through. 

To  Ute  l/ie  NocTuxMAL.  Turn  the  upper  plate  tilt 
the  longest  tooth,  marked  13,  be  against  the  day  of  the 
month  on  the  under  plate;  and  bringing  the  instrument 
near  tbe  eye,  suspend  it  by  the  handle,  with  tbe  plane 
nearly  parallel  to  the  equinoctial ;  then  viewing  the  pole- 
star  through  the  hole  in  the  centre,  turn  the  indi 


nodes  of  the  several  planets,  for  the  year  1750,  and  their 
annual  variations,  thus ; 


Planet/ 

PhiM.. 

Nude  Q  iD17S0. 

<t«:rr.«. 

Mercury 

1-    15°  21'    15" 

'4^ 

Venus 

2     14     26    )8 

31 

Man 

1     17    36   30 

39-8 

Jupiter 

3      8     16     0 

60 

Saturn 

3    21     31    17 

30 

Herschel 

2    1!     49   30 

See  also  our  article  Oabit. 

NODUS,  or  Node,  in  Dialling,  denotes  a  point  or  hole 
in  the  gnomon  of  a  dial,  by  the  shadow  or  light  of  which 
is  shown,  either  the  hour  of  the  day  in  dials  without  fur- 
niture, or  Che  parallels  of  the  sun's  declination,  and  his 
place  in  tbe  i^cliptic,  &c,  in  dials  with  furniture. 

NOLLtT  {the  Abbe  John  Anthony),  a  considera^ 
ble  French  phitosopher.aml  a  member  of  most  ef  the  phi- 
losophical societies  and  academies  of  Europe,  was  born  at 
Pimprt,  in  the  district  of  Noyon,  tlic  igtb  of  November 
1700.  From  the  profound  retreat,  in  which  the  medio- 
about  crity  of  bis  fortune  obliged  bim  to  live,  bis  reputation 
lilt,  by  tbe  edge  coming  from  the  centre,  you  tee  tbe     continually  increased  Irom  day  to  day.     M.  Dvtay  asso* 
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NON                                 [109]  NON 

dated  him'  in  bis  Electrical  Retcarchct ;  snd  M.  de  Reau-.  gation,  and  various  other  works.     He  died  in  1ST7,  at  SO 

mur  resigned  to  him  his  laboratory.     It  wai  under  these  yeareofage. 

masters  that  be  developed  bis  talents.     M.  Dufay  tooli  Nonius  was  the  author  of  several  ingenious  worlis  and 

him  along  with  him  in  a  journey  he  made  into  KngUod  ;  inventions,  and  wai  justty  esteemed  one  of  the  most  emi- 

and  Nolk-t  prolitod  so  well  of  this  opportunity,  as  to  in-  ncnt  malheroaticisns  of  his  age.     Concerning  his  Art  of 

stitute  a  friendly  and  literary  curretpondencc  nith  some  Navigation,  father  Dechales  says,  "  In  the  j'sar  1530, 

uf  the  mast. celebrated  men  in  this  country.  Peter  Nonius,  a  celebrated  Fortugiiese  matbematiciui, 

The  king  of  Sardinia  gave  him  an  invitation  to  Turin,  on  occasion  of  some  doubts  prcipused  to  lilm  by  Martinus 

to  perform  a  cuurse  of  ex|ieriini.'Dtal  philosophy  to  the  Alpjionsua  Sofa,  wrote  a  Treatise  on  Navigation,  divided 

duke  uf  Savoy.     From  thence  he  travelled  into  Italy,  iuto  two  books;  in  the  first,  he  answers  some  of  those 

where  he  collected  some  good  observations  concerning -the  doubts,  and  explains  the  nature  of  loxodromic  lines.    In 

natural  history  of  the  country,  the  second  book,  he  treats  of  rules  aad  instruments  proper 

In  France  he  was  master  of  philosophy  and  natural  for  luvigation,  particularly  sea-charts,  and  instruments 

history  to  the  royal  family;  and  professur- royal  of  expe-  serving  to  find  the  elevation  of  the  pole;  but  sa^s  he  is 

rimentul  philosophy  to  the  college  of  Navarre,  and  to  the  rather  obscure  in  his  manner  of  writiog." — Furelierc,  in 

achouls   of  artillery   anil   engineers.     The  Academy  of  his  Dictionary,  takes  notice  that  Peter  Nonius  was  the 

Sciences  appointed  him  adjunct-mechanician  in  173.Q,  as-  first  who,  in  1530,  invented  the  angles  which  the  loxo- 

suciate  in  1742,  and  pensioner  in  17^7.     Nollet  dii'd  the  dromic  curves  make  with  each  mcriilian,  calling  them  in 

24th  of  April  1770,  regretted  by  alt  his  friends,  but  cspe-  his  language  Rhumbs,  and  which  he  calculated  by  spberi- 

cially  by  his  relations,  whom  he  always  succoured  with  cal  triangles.     S  lev  in  us  acknowledges,  that  Peter  Nonius 

ail  a&ctionate  attention.     The  works  published  by  Nol-  was  scarce  inierior  to  the  very  besi  mathematicians  of  the 

let,  are  the  following :  age.     And  Scholtus  says,  he  cKplained  a  great  many  pro- 

1.  Recueils  de  Lettres  sur  I'Electriciti ;  1755,  3  vols  blems,  and  particularly  the  mechanical  problem  of  Ar%- 

in  1  tmo.'—Q.  Essai  sur  I'Electricit^  des  Corps ;   I  vol.  in  atotle  on  the  motion  of  vessels  by  oars.     His  Notes  upon 

12mo.' — 3.  Recherches  sur  les  Causes  paniculieres  de*  Purbach's  Theory  of  the  Planets,  are  very  much  te  be  es- 

Phenomenes  Electriques ;  1  vol.  in  l2mo. — i.  L' Art  des  teemed;  he  ihercexplaJnsseveral  things,  which  bad  either 

ENpcrtences ;  1770,  3  vcls  in  ISmo.  not  been  noticed  before,  or  not  rightly  understood. 

His  papers  printed  in  the  different  volumes  of  the  Me-  In  154'J,  he  published  aTreatiseon  the  Twilight,  which 

moirs  of  the  Academy  of  Sciences,  are  much  loo  nume-  he  dedicated  to  John  ihe  3d,  king  of  Portugal ;  tu  which 

ruus  to  be  particularized  here;  they  are  inserted  in  all  or  be  added  what  Athasen,  an  Arabian  author,  has  cosapMcd 

must  of  the  volumes  from  the  year  1740  to  the  year  1767  oa  the  same  subject.     In  this  work  he  describes  the  ne- 

inclusive,  and  generally  several  papers  in  each  volume.  thod  or  instrument  called,  from  him,  a  Nonius  >  a  particM> 

NONAGF.SIMAI^  or  Hohagesikai,  Degree,  celled  lar  account  of  which  see  in  the  following  article. — Hecor- 

also  the  niiii-heaven,  is  the  highest  point,  or  90th  degree  rected  several  mathematical  mistakes  of  Orontins  Finsus. 

of  the  ecliptic,  reckoned  from  its  inieiwction  with  the  -—But  the  most  celebrated  of  all  his  works,  or  that  at 

hqriion  at  any  time  ;  and  its  altitude  is  equal  to  the  angle  least  he  appeared  most  to  value,  was  his  Treatise  of  Alge- 

that  the  ecliptic  makes  with  the  horison  at  their  intersec-  bra,  which  he  had  composed  in  Portuguese,  but  trsnslalcd 

tiun,  or  equal  to  the  distance  of  the  zenith  from  the  pole  it  into  the  Castilian  tongue,  when  he  resolved  to  make  k 

of  the  ecliptic.     It  is  much  used  in  the  calcuhttioa  of  public,  which  he  thought  would  render  his  book  mora 

solar  eclipses.  useful,  as  this  language  was  more  generally  known  than 

NONAGON,  a  figure  having  nine  sides  and  angles.  ^  the  Portuguese.     The  dedication,  to  his  former  pupil* 

— rin  a  ^gular  noiiagon,  or  that  whose  angles,  and  sides,  prince  Henry,  was  dated  from  Lisbon,  Dec.  1,  lS64t 

are  all  eqUal,  if  each  side  be  1,  its  area  will  be  6-1SI8243  This  work  contains  341  leaves,  or  683  pages,  in  the  Ant- 

=  J  of  the  tangentof  70°,  to  the  radios  1.     See  my  Men-  werp  edition  of  1567,  in  8vo;  the  folios  being  numbeiad 

suratioo,  pa.  85,  4th  edlL  only  on  one  side. 

NONES,  in  the  Roman  Calendar,  the  5lh  day  of  the  The  catalogue  of  his  works,  chiefiy  in  Latin,  is  this  : 
months  January,  February,  April,  June,  August,  Septem-  1.  De  Arte  Navigandi,  libri  duo ;  1530. — S.  De  Crepus- 
ber,  November,  and  December;  and  the  7th  of  the  other  culis  ;  1542.— 3.  Annotationes  in  Aristotelem.— 4.  Pro- 
months  March,  May,  July,  and  October :  these  last  four  blema  Mechanicum  de  Motu  Navigii  ex  Rcmis. — 5.  Anno- 
months  baring  6  days  before  the  nones,  and  the  others  tatiooes  inPlanetarum  Theorias  Genrgii  Purbachii,  die.— 
only  four. — They  had  this  name  probably,  because  they  6.  Libro  de  Algebraen  Arithmecica  y  Geometra;  1564. 
were  always  9  days  inclusively,  from  the  first  of  the  nones  AH  these  pieces,  the  Algebra  e.tcepied,.  were  collected 
to  the  ides,  i.  e.  reckoning  inclusively  both  those  days.  and  published,  in  a  folio  volume,  at  Basil,  in  1566. 

NONIUS,  or  NuNiz  (Peter),  an  eminent  Portu-  Nokius,  is  a  name  also  erroneously  given  to  the  me- 

guese  mathematician  and  physician,  was  bom  in  1497,  at  thod  of  graduation  now  generally  used  in  the  divijiion  of 

Alca2ar  in  Portugal,  anciently  a  remarkable  city,  known  Ihe  scales  of  various  instruments,  and  which  should  be 

by  the  name  of  Salacia,  whence  he  was  surnamed 'Sala-  called  Vernier,  from  its  real  inventor.     The  method  of 

ciensts.     He  was  professor  of  mathematics  in  the  univer-  Nonius,  so  called  from    its  inventor  Pedro  Nunez,  or 

sity  of  Coimbra,  wheie  be  published  some  pieces  w4iich  Nouius,  and  described  in  his  treatise  De  Crepusculis,, 

-  procured  him  great  reputation.     He  was  mathematical  printed  at  Lisbon  in  1542,  consists  in  describing  within 

preceptor  to  Don  Henry,  son  to  king  Emanuel  of  Portu-  the  same  quadrant,  45  concentric  circles,  dividing  the 

gal,  and  principal  cosmographer  to  the  king.     Nonius  outermost  into  90  equal  parts,  the  next  within  iniu  89, 

was  very  serviceable  to  the  designs  which  this  court  enter-  the  next  into  88,  and  so  on,  till  the  innermost  was  divided 

tained,  of  carrying  on  their  maritime  expeditions  into  the  into  46  only.      By    this  mea:;s,  in   most  observationa. 

East,  b^  the  publication  of  hii  book  On  the  Art  of  Navi-  tbe  plumb- line  or  index  must  cross  oue  or  other  oi  those 
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circle*  in  or  rery  near  a  point  of  dlviiion :  wbence,  by  willing  to  put  thenuelvcs  under  bis  care.  ThU  eourte 
talculation,  the  degrees  and  minutes  of  the  arch  u)if>ht  occupied  him  five yearii;  after  whichhe  returned  loMoDt- 
'  easily  be  obtained.  This  method  is  also  described  by  pelier,  and  was  created  doctor  of  his  faculty  in  1529  ; 
Nuuei,  in  his  treatise  De  Arte  et  Rutione  Navigandi,  after  which  be  revisited  tbe  same  .pUcts  where  be  had 
lib.  2.  cap.  6,  where  be  imagines  it  was  not  unknown  practised  physic  before.  At  Agcn  he  formed  an  acquaint- 
to  Ptolemy-  But  as  tbfe  degrees  are  thus  divided  un-  ance  with  Jnlius-Ctesar  Scaliger;  but  quitted  it  after  « 
equally,  and  it  is  very  difficult  to  attain  exactness  in  th«  residence  of  about  4  years.  He  next  settled  at  Marseilles, 
division,  especially  when  the  numbers,  into  which  the  but  repaired  to  Salon  about  the  year  1544. 
arches  are  to  be  divided,  are  iucompusitr,  of  which  there  In  1546,  A\\  being  affiicted  with  the  plague,  be  went 
are  DO  less  than  nine,  the  method  of  diagonals  first  pub-  thither  at  the  solicitation  of  the  inhubitants,  to  whom  he 
lished  by  Thomas  Digges,  ,£sq.  in  bis  treatise  Aloe  seu  rendered  great  service,  paiiiculaily  by  »  powder  of  his 
Scftlie  Mathematice,  printed  at  I^nd.  in  1573,  and  said  own  invention  :  so  that  tbe  town,  in  gnttitude,  gave  hina 
to  be  invented  by  one  Richard  Cbanseler,  a  very  skilful  a  considerable  pension  for  several  yeai^  afiur  the  conta- 
artiit,  was  substituted  in  its  stead.  However,  Nonius's  gion  ceased.  In  lj47  the  city  of  Lyons,  being  visited 
method  was  improved  at  different  times  ;  but  the  commo-  with  the  same  distemper,  had  recourse  to  our  physician, 
dious  division  now  so  much  in  use,  is  the  roost  considera-  who  attended  iheni  also.  Afterwards  returning  to  Salon, 
ble  improvement  of  IL  See  Veksier  ;  also  Robertson's  ha  began  a.more  retired  course  of  liTe,  and  in  this  time  of 
Navigat.  Pref.  p.  iv  ;  or  Robins's  Tracts,  v.  2,  p.  265,  for  leisure  applied  himself  closely  to  bis  studies.  Ho  had  for 
■  cunous  history  of  many  other  such  contrivances.  .  a  lung  time  followed  tbe  trade  of  a  conjurer  occasionally ; 
NORMAL,  is  used  sometimes  for  a  perpendicular.  and  now  he  began  to  tancy  himself  inspired,  and  miracu- 
NORTH  Star,  called  also  the  Pole-star,  is  the  last  In  (ously  illumiuated  with  a  prospect  into  futurity.  As  fast 
tb«  tail  of  tbe  Little  Bear.  as  these  illuminations  had  discovered  to  him  any  futura 
a  Northern  Sigm,  are  those  six  that  are  on  the  north  event,  he  entered  it  in  writing,  in  simple  prose,  though  in 
side  of  the  equator ;  viz.  Aries,  Taurus,  Gemini,  Cancer,  enigmatical  sentences ;  but  revising  thein  afterwards,  be 


Leo,  Virgo. 

NORTHING,  in  NaTJgation,  is  the  diKrence  of  lati- 
tude, which  a  ship  mak«s  in  sailing  northwards. 

NORWOOD  (Richard},  a  respectable  teacher  of  ma- 
thematics, in  London,  especially  navigation. 


thought  the  sentences  would  appear  more  n-spectablc,  and 
avour  more  of  a  prophetic  spirit,  if  they  wei%  expressed 
n  verse.     This  opinion  determined  him  to  throw  them  all 

into  quatrains,  and  he  afterward  ranged  them  into  ceniu. 

rtes.  For. some  time  ha  could  nut  Veiiture  to  publish  a 
e  practice.  He  published  several  useful  work  of  this  nature;  but  afterwards  perceiving  that  the 
books;  as,  1,  The  Epitome  and  Doctrineof  Triangles,  l673,  time  of  many  events  foretold  in  his  quatrains  was  very  near 
in  Svo ;  2.  Trigonometry,  l6S5,  in  4to ;  3.  The  tjeaman's  at  hand,  he.  resolved  to  print  thetn,  as  he  did,  with  a  de- 
Practice,  lb'97,  in  4toi  where  we  find  that  for  which  he  dication  addressed  to  his  son  Cesar,  an  iufant  only  soma 
lias  been  chiefly  noted,  viz.  his  determination  of  the  mag-  months  old,  and  dated  March  1,  1555.  To  this  first 
nitude  of  the  earth,  and  iho  degrees  of  the  meridian,  by  edition,  which  comprised  but  7  centuries,  he  prefixed  his 
means  of  the  distance  measured  betneen  London  and  name  in  Latin,  but  gave  to  his  son  Ciesar  the  name  as  it 
York,  in  tbe  year  l635.  This  measurement  at  so  earlv  is  pronounced  in  French,  Notradame. 
a  date,  was  ingeniously  devised,~aiid  simply  executec,  Tbe  public  were  divided  in  their  sentiments  of  this 
selecting  on  the  author  considerable  credit,  whose  roeani  work :  many  considered  ihe  author  as  a  simple  visionary  j 
and  convenience  for  the  perforraapce  were  small  and  by  others  he  was  accused  of  magic  or  tbe  black  art,  and 
bumble.  The  deviation  from  an  accurate  result  is  how-  treated  as  an  impious  person,  who  held  a  commerce  with 
ever  not  so  considerable  as  might  be  expected  from  the  the  devil ;  while  great  numbers  believed  him  to  be  really 
rude  manner  tif  his  measuring  with  a  chain,  along  the  endued  with  the  supernatural  gift  of  prophecv.  How- 
bigh  Toadin  all  directions,  to  the  right  and  left,  as  well  ever,  Henry  tbe  2d,  and  queen  Catharine  of  Aledicis,  his 
as  up  and  down  hilts,  and  sometimes  only  by  pacing  or  mother,  were  resolved  to  see  our  prophet,  who  receiving 
stepping  tha  distances.  It  seems  however  he  did  not  orders  to  that  effect,  ho  presently  repaired  to  Paris;  where 
ma!ke  a  sufficieat  allowance  for  those  zigzag  directions  he  was  very  graciously  received  at  court,  and  received  a 
'  and  estimations,  as  his  conclusion  gives  tbe  mean  length  present  of  200  crowns.  He  was  sent  afterwards  to  Bfols, 
of  a  degree  of  latitude  too  great  by  almost  half  a  mile,  to  visit  tbe  king's  children  there,  and  r^ort  what  he 
vii,  69/f  miles  to  a  degree,  insteaS  of  69^  at  deduced  should  be  able  to  digcovar  concerning  their  destinies,  It 
from  later  and  more  accurate  measurements.  is  not  known  what  his  prediction  waij  however  he  re- 
Mr.  N.  had  also  an  ingenious  paper  on  the  Tides,  on  turned  to  Salon  loaded  with  honour,  and  good  presents. 
Wells,  on  Salt  and  Fresh  Water,  and  on  Whale-6«bing,  Animated  with  this  success,  be  augmented  his  work  to 
iiuerted  in  the  Philos.  Trans,  an.  l667<  orin  my  Abridge-  the  number  of  1000  quatrains,  and  published  it  with  a 
ment,  vol.1,  pa.  306.  •  dedication  to  the  king  in  1558.  That  prince  dying  the 
NOSTRADAMUS  (Michel),  enable  pbyiiclan  and  next  year  of  a  wound  which  be  received  at  a  tournament, 
celebrated  astrologer,  was  born  at  St.  Remy  in  Provence,  our  prophet's  book  was  immediately  consulted  ;  and  this 
in  the  diocese  of  Avignon,  December  14,  1503>  His  unfortunate  event  was  found  in  the  S5th  quatrain  of  tbe 
father  was  a  notary-public,  and  hit  grandfather  a  physi-  first  century,  which  run*  thus  in  the  London  edition  (tf 
cian,  from  whom  be  received  some  tincture  of  the  mathe-  l672 : 

matics.    He  afterwards  completed  his  courses  of  languages  Le  Iiion  jeune  1e  vieux  surmontera, 

and  philosophy  at  Avignon.    Hence,  going  to  Alontpelier,  En  champ  bellique,  par  singulier  duelle, 

he  applied  himself  to  physic;  but  being  forced  away  by  Dans  cage  d'or  I'oeil  il  lui  crevera, 

tbe  plague,  he  travelled  through  different  places  titl  be  Deux  playes  une,  puis  mourir  mort  cruelle. 

came  to  Bourdeaux,  undertaking  all  such  patienU  a*  wore  I^  English  thus,  from  iLe  same  edition : 
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The  young  iJon  ifaall  overcome  tb«  old^onei 

In  martial  field  by  r  single  duel, 

Iq  a  golden  cage-he  sh&U  put  out  his  eye. 

Two  wounds  fruni  one,  then  he  shall  die  a  cruel  death. 

So  remarkable  a  prediction  added  new  wings  to  hii 
fame ;  and  he  was  honoured  soon  after  with  a  visit  from 
Emanuel  duke  of  Savny,  and  the  {/rincess  Mttrgaret  of 
France,  his  coi»ort.  From  this  time  Nostradamus  found 
himself  even  overbutthened  with  visitota,  and  liis  fume 
made  every  day  new  acquisitions.  Charles  the  pth,  coming 
to  Salon,  WHS  eager  abovu  all  things  to  have  a  sight  of  him  : 
Nosiritdamus,  who  then  wa£  in  waiting  as  one  of  the  re- 
tinue of  the  magistrates,  being  instantly  presented  to  the 
king,  complained  of  the  little  esteem  his  countrymen  had 
for  hiiQ  ;  Upoo  which  the  monarch  publicly  declared  that 
he  should  hold  the  eneiriics  of  Nostradamus  to  b«  bit  ene- 
mies, and  desired  to  see  his  children.  Nor  did  that  prince's 
favour  atop  here  ;  in  passing,  not  long  after,  through  the 
city  of  Aries,  be  sent  for  Nostradamus,  and  presented  him 
with  a  purse  of  200  crowns,  together  with  a  brevet,  con- 
stituting him  his  pliysician  in  ordinary,  uith  the  same  ap- 
pointment as  the  rest.  But  our  prophet  enjoyed  these 
honours  only  a  short  time,  as  he  died  i6  months  after, 
viz,  July  2,  1566,  at  Salon,  being  then  in  his  grand  cli- 
macteric, or  6'3d  year — He  had  published  several  other 
pieces,  chiefly  relating  to  medicine. 

He  left  three  sous  and  three  daughters.  Cxsar  the 
eldest  son  whs  born  at  Salon  in  1555,  and  died  in  l629: 
he  left  a  manuscript,  giving  an  account  of  the  most  re- 
markable events  ii)  the  history  of  Provence,  from  1080  to 
14^4,  in  which  he  inserted  the  tives  of  the  poets  of  that 
country.  These  memoirs  falling  into  the  hands  of  his 
nephew  Ctesar  NostradajQus,  gentleman  to  the  duke  of 
Guise,  he  undertook  to  complete  the  work,  and  being  en- 
couraged by  the  estates  of  the  country,  he  carried  the  ac- 
count Dp  to  the  Celtic  Gauls  :  the  impression  was  finished 
at  Lyons  in  l6l4,  and  published  under  the  title  of  Chro- 
nique  de  I'Histoire  dc  Provence,— The  second  son,  John, 
.  exercised  with  reputation  the  business  of  a  proctor  in  the 
parliament  of  Provence.— tie  vitote  the  Lives  of  the  An- 
cient Proven9al  Poets,  called  Troubudours,  and  the  work 
was'printed  at  Lyons  in  1575,  8vo, — The  youngest  sim  it 
is  said  undertook  the  trade  of  peeping  into  futurity  like  his 
father. 

NOTATION,  is  the  representing  of  any  given  number 
by  means  of  certain  significant  characters,  or  numerical 
symbols;  and  thus  stands  in  contradistinction  to  Nume- 
ration, which  is  the  wording  or  expressing  in  words  any 
number  represented  by  those  symbob. 

It  is  highly  probable,  that  in  the  early  stages  of  society, 
every  distinct  number  had  a  peculiar  characteristic  repre- 
sentative, which  must  however  have  led  to  great  difficulty 
and  embarrassment,  on  account  of  the  number  of  different 
characters  with  which  the  memory  must  have  been  in- 
cumbered; at  the  same  time  it  must  alio  Wve  been  very 
limited  in  its  application.  Therefore,  as  soon  as  the  state 
of  society  rec|uircd  the  use  of  great  numbers,  which  must 
have  immedialely  followed  the  introduction  of  commerce, 
it  became  nctessary  to  have  a  more  concise  notation  ;  and 
the  most  proper  method  of  accomplishing  this,  whs  that  of 
giving  to  each  symbol  a  lucal  as  well  us  a  simple  value. 
This  however  was  a  refinement  that  could  hardly  be  ex- 
pected in  the  first  rude  cRiirts  of  the  human  mind ;  and 
probubly  there  are  now  nu  tntcet  left  of  the  first  Mtenipt 
of  this  kind. 


We  know  now  tvf  only  thre«  difiiireat  modes  of  notathin, 
namely;  the  Roman, tbcGrecittn,  and  the  Indian;  the  latter 
of  which  is  the  only  one  at  present  in  use,  at  least  in  arith- 
metical calculations ;  but  each  of  these  agree  in  t*nc  ma- 
terial point,  which  is  that  of  dividing  all  numbers  into 
periods  of  tens,  a  custom  almost  miiversally  adopted  by 
all  nations ;  and  as  this  it  not  the  best  number  that  might 
have  been  employed  for  forming  the  radix  of  a  system  of 
arithmetic,  we  must  look  to  some  general  physical  csuse, 
for  this  singular  coincidence  of  different  people,  many  of 
whom  had  probably  no  communication  with  each  other. 

Maihecoaiicians,  so  far  back  as  the  time  of  Aristotle, 
have  noticed  this  singularity ;  and  have  endeavoured  to 
account  for  it  from  different  principles  :  it  had,  however, 
no  doubt,  its  origin  in  the  natural  formation  of  man. 
Every  one  in  the  infancy  of  his  reason  makes  the  first 
QJforts  of  calculation  on  his  fingers,  which  being  ten  in 
nttmber,  evidently  led  to  the  separation  of  quantities  of 
all  kinds  into  p^ods  of  tens.  For  after  having  counted 
to  this  number,  they  were  under  the  necessity  of  beginning 
again,  and  committing  to  their  memory  that  they  hiid 
already  counted  one  period  of  ten :'  having  then  completed 
a  second,  third,  &c,  period,  they  still  continued  to  cotmt 
in  the  same  manner,  and  still  employed  their  fingers,  a* 
the  proper  insIVuments  for  as^sting  the  memory  in  re- 
taining the  number  of  those  periods,  as  well  as  fur  still 
pursuing  their  calculations :  this  therefore  necessarily 
led  to  the  second  principal  separation  of  number  into 
hundreds;  and  so  on  for  thousands,  tens  of  thousands, 
&c. 

Hence  it  appears,  that  the  idea  of  our  present  scale  of 
notation  had,  in  reality,  its  foundation  in  the  structure  of 
the  human  frame  :  but  to  what  nation  we  are  indebted 
for  the  method  of  expressing  numbers  by  means  of  ten 
simple  characters,  by  giving  to  each  a  local,  as  well  as  a 
primitive  value,-  is  unknown  :  it  is  however  pretty  evident 
that  it  is  only  an  imptovement  on  the  first  rude  attempts 
at  numbering  above-jneniioned. 

The  honour  of  this  invention  has  been  ascribed  to  dif- 
ferent nations;  some  have  attributed  it  to  the  Greeks, 
others ,to  the  Arabs,  the  Chaldeans,  Indians, &c. 

The  first  traces  of  it  however,  that  have  been  disco- 
vered, are  among  the  Arabs,  who  themselves  attribute 
it  to  the  Indians  ;  but  whether  it  had  its  origin  with  those 
people,  or  thry  derived  it  from  any  other  nation,  is  a  very 
doubtful  question,  which  will  perhaps  ever  remain  unde- 

Montucla,  in  his  Histoire  des  Mathematiques,  book  2, 
vol.  1,  has  entered  minutely  into  the  subject,  and  has 
shown  in  ittt  most  unequivocal  manner,  not  only  that  the 
Indians  were  in  possession  of  this  art  before  it  was  known 
to  the  Arabs,  but  also  that  the  characteis  employed  by, 
them  2000  years  back,  did  not  very  materially  differ 
from  those  in  present  use;  and  it  is  to  this  work  ws 
are  indebted  for  the  specimen  of  the  ancient  and  mo- 
dern characters  that  we  have  given  in  plate  23,  the  last 
line  of  which  is  Al-Sephatli's  expression  for  the  number 
1 8446744073737095 15615  ;  and  each  of  the  other  lines 
stands  opposite  the  name  of  the  author,  or  the  nationr 
by  whom  they  have  been  employed.  From  these  speci- 
mens it  will  be  readily  perceived  how  our  modern  sym- 
bols have  been  derived,  with  some  slight  modifications, 
from  those  of  the  moat  ancient  date. 

It  has  been  before  observed,  LhaL  almost  all  nattonB- 
have  Adopted,  as  il  were  by  common  consent,  the  decimal 
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Kale  of  notation:  thii  is  not  however  without  (ome  ex- 
ceptiont.  The  ancient'ChineM  «re  said  to  have  employed 
the  binary  scale  (*ee  Binjst),  and  a  nation  of  Thrace, 
mentioned  by  Aristotle,  used  the  quaternary  scale,  coDnt- 
ing  by,periods  of  fours ;  and  another  people  bordering  on 
Senegal,  make  all  ibeir  calculations  by  periods  of  fives, 
which  they  designate  rs  follows;  one,  two,  three,, four, 
five,  they  call  mm,  taard,  niet,  giq/atiet,  gnironf  and  six, 
seven,  eight,  nine,  by  gidrtm  ben,  panm  ntard,  gidron 
mei,kc.  and  ten  by  fouqut,  and  probably  eleven  hyfiMtpie 
ben. 

But  these  exceptions  to  the  general  mode  of  notation 
are  very  inconsiderable,  and  none  of  those  scales  that  we 
have  mentioned  are  by  ally  means  so  well  adapted  to  arith- 
metical purposes  as  our  own;  but  this  it  must  be  acknow- 
ledged it  inferior  in  many  respect:!  to  the  duodenary 
scale;  which,  by  the  addition  of, two  extra  character?, 
would  perform  all  arithmetical  o]>erationa  with  greater 
ease  and  expedition ;  and  with  resprct  to  (lecimaU,  or 
duodecimals,  as  they  would  be  in  that  case,  we  should 
have  a  great  many  more  finite  expressions  than  we  have 
at  present.  In  the  deciraai  scale,  if  we  consider  only  the 
reciprocals  of  all  numbers  under  20,  we  find  only  the  six 
fallowing  that  give  finite  decimals: 

*  =  -5i  i=C5;  |  =  -3;i  =  -125;  ^  == -1;  ^  = 
•0625  i  but  in  the  duodenary  scale,  we  have  nine  finite  ex- 
pressions with  the  same  numbers,  which  are  as  follows  ; 
i  =  -6;  }  =  -4!  i  =  3;  i  =  -2;  |  =    16; 
i  =    1+;  ,!,=:    1;  ^=  -09;  Vt  =  'OB- 

Hence  it  is  evident  that,  with  this  scale  of  notation,  we 
should  have  more  finite  fractional  numbers  than  in  our 
common  arithmetic ;  Hnd  beside  thin  convpnicnce,  all  ope- 
rations would  be  more  readily  performed,  and  larger 
numbers  wnuld  be  expressed  with  fewer  digits.  Still  how- 
ever the  advantages  of  this  system  are  not  such  as  can 
lead  us  to  expect,  or  even  to  wish,  that  it  should  ever  be 
Eubttiiuted  for  that,  which  long  estahlished  practice  ha* 
rendered  so  familiar  to  all  our  ideas  of  numbers. 

Notation  of  the  Greekt.  The  Grecian  notation, 
though  it  approached  in  many  respects  very  near  to 
that  of  the  moderns,  still  it  wanted'  one  principal  and 
distinguishing  feature  of  the  present  improved  system, 
which  is  that  of  giving  to  every  character,  a  Incnl  as  well 
as  a  simple  value,  for  want  of  which  they  were  under  the 
necessity  of  employing  a  great  number  of  characlers,  which 
were  chiefly  derived  fiom  the  lettcn  of  their  alphabet. 
Instead  of  the  figures  1,  2,  3,  4,  i.  6^  7,  8,  9, 
TbeGreeksmadeuseT 

of  these  letten 


E  ii«  1  Hot 

9999  they  rqtresented  by  t^Vt 

78flS  -        -  by  ^irp 

8036  -        -  by  -x: 

64,10  -         ■  by  ;ux 

4001  .         -      .    by  ta 

3000  -         -  by  V 

10000  was  sometimes  expressed  by  placing  a  small  dssli 
over  the  iota;  thus,!;  but  mathematicians,  in  their  cal- 
culations, generally  employed  for  thi«  purpose  the  com- 
pound character  ;  and  any  number  of  times  this  pe- 
riod, by  placing  the  letter  h  under  the  characters  ex- 
pressing the  number  of  periods  that  they  wi^ed  to  indi- 


;  thus. 


10000  was  represented  by.     ** 
20000         .         .  by       ^ 


97'iOOO 


by 


60^ 


".}  -'  e!  y. 


And  instead  ^f 


ID,  SO,  SO,  40,  30,  60,  70,  60,  90, 


■^'rsr. ""}'.-  ^'-'.  £.  •'  '■*■ 


%,  *.  ».  5, 


For  expressing  thaJ  ^  ^ 
hundreds  they  had  |  *'  '  ' 
Andforthethouaands)   a,  ^,    y, 

they  employed     ij    '      '      ' 

That  is,  they  had  recourse  to  the  characters  of  the 
simple  units,  but  instead  of  giving  to  them  a  local  value, 
as  we  do,  and  in  which  consihts  the  superiority  of  the 
modem  method,  they  diiiinguished  them  by  means  of  a 
small  dash  placed  at  the  bottom  of  the  letters.  And 
hence  we  see  that  the  Greebg  could  express  with  these 
characters  any  number  under  10,000 ;  thus. 


So  that  placing  the  letter  h  under  any  given  number  had 
the  same  efTect  as  our  annexing  four  ciphers. 

Diopbantus  and  Pappus  deviated  a.  little  in  this  respect 
from  their  predecessors,  by  makiiig  iiu  the  characteristic 
of  10000,  and  then  distinguishing  any  number  of  those 
periods  by  prefixing  the  number  to  this  character;  thus, 
tbe  foregoing  numbers,  according  to  these  authors,  were 
represented  by  auu,  jS>iu,'yuu,  ihu,  itnu,  flo^Hf,  &c, 

Andwhercsmaller  numbers  wer»niixedwith.tbusc larger 
periods,  they  were  annexed  to  the  foregoing  characters; 
hence, 

1719999  was  written  f:MUviy?9 

43?28097  -  fTOjSMujiH 

Thus  resembling  what  we  make  use  nf  at  this  day  for  ex- 
pressing compound  numbers,  as  7ft  ^in  7pts. 

The  same  authors  also  sometimes  employed  a  still  more 
simple  method,  which  was  by  omitting  the  character  hu, 
and  only  srpareting  tbe  two  sets  of  symbols  by  a  point. 

Thus  99999999  was  written  pl>8. 99^3,  which  was  the 

largest  number  that  the  Greeks  could  express ;  and  there- 
fore, when-they  wanted  to  make  use  of  lar^r  numben 
than  this,  ihoy  were  under  the  necci!>ity  of  assuming  a 
larger  unit ;  several  examples  of  which  are  lu  be  met  with 
in  the  ancient  Greek  authors. 

Apollonius  at  length  conceived  the  idea  of  dividing  all  . 
numbers  into  periods  of  four  characters,  the  first  of  which 
represented  units,  the  second  the  number  of  ICOOO,  jho 
third  the  square  of  lOOOO's,  &c.  This  was  a  great  step 
towards  our  present  syWt  m,  for  here  was  evidently  a  local 
value  given  to  tbe  different  periods,  aud  the  same  only 
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NOT 


C    "8    ] 


wnnted  to  have  been  carried  downwnrds  tn  the  units,  to 
have  completed  the  discovery. 

In  this  mannet'  the  circumferf  oce  of  a  circle  whose 
diameter  is  1,  according  to  the  notntioD  of  Apolloniua, 
would  be  expressed  by  „ 

y  .  auis  .   flir|*  .  yp*9  .  ^9^/3  -  V^t^  ■  fixy-y- 

3  .  1415  .  9265  .  3589  .  7932  .  3846  .  2643. 
From  what  has  been  already  observed,  it  appears,  that 
the  Greclt  notation  resembled  what  we  now  employ  for 
compound  numbers,  and  in  short  their  whole  arithmetic 
differed  from  ours  cliiefly  in  this,  that  for  want  of  giving 
a  local  value  to  their  characters,  all  their  operations  were 
performed  much  in  the  same  manner  as  we  novf  perform 
ours  in  duodecimals,  and  compound  tnulti plication,  divi- 
sion, jfc.  None  of  the  Gref  k  writers  whoso  works  have 
come  down  to  us,  have  attempted  to  teach  the  first  fun- 
damental rule*  of  their  arithmetic ;  we  can  therefore  only 
judge  from  the  disposition  of  their  characters,  the  exact 
method  of  operation  that  they  follnwed.  It  seems  tiow- 
ever  probable,  that  iLey  generally  worked  from  the  left 
band  towards  the  right;  but  in  their  additions  and  sub- 
tractions this  was  so  manifestly  disadvantageous  and  trou- 
blesome, compared  with  what  it  would  have  been  to  have 
performed  the  same  operations  in  a  contrary  order,  that 
one  can  hardly  suppose  they  could  ,havc  overlooked  such 
an  evident  and  advantageous  proceeding. 

As  to  their  multiplications,  it  was  not  of  ho  much  im- 
portance, and  there  seems  no  doubt  that  in  this  rule,  their 
operations  were  performed  from  lefi  to  right,  as  we  do 
ours  in  algebra.  In  their  divisions  they  approached  nearer 
to  our  method  for  compound  division,  except  thai  they 
generally  found  the  whole  quotient  at  one  step,  which 
roust  therefore  have  been  the  result  of  .several  tedious 
trials,  or  by  means  of  a  table  for  that  purpose ;  that  is, 
they  found  the  greatest  quotient  in  the  lir^t  period,  and 
then,  having  subtracted,  they  found  the  second  period 
of  the  quotifiit,  &c.  Thesquare  root  was  extracted  in  a 
manner  also  much  resembling  ours,  differing  from  it,  only 
in  iindiiig  each  period  of  the  root  at  one  step,  as  they  did 
the  quuliculs  in  division. 

It  would  be  inconsistent  with  the  nature  of  our  work 
to  enter  upon  this  subject  at  any  considerable  length,  we 
shall  therefore  confine  ouiselves  to  exhibiting  a  few  ex- 
Binples,  will)  the  corresponding  operations  in  our  arith- 
metic, referring  the  curious  reader  for  farther  informa- 
tion on  this  head,  to  an  ingenious  and  learned  Essay,  by 
Delambre,  added  to  the  French  translation  of  the  works 
of  ArchimcdeSj  where  be  will  lind  ample  gratification. 

Example  in  Addition. 

Siop^  .  y^ica  f  847  3931 

£        .  r.u  *^''^^™     ]    60  8400 


N  U  M 
£ranpb  in  MuUipHcaiioH, 


fyy 

tn. 

a.£v 


^^vi 


15300=  100  .  15S 
76^0  ^    50  .  153 


23409 


Gteek 


3l  .  ^Txa 


goS  2321 


Example  in  Submction. 

r  9  ■  -pc^i:  r9  3636 

Greek  {   ^  •  Y^  ^        Modern^  2  3409 


TBe  above  examples  will  convey  a  slight  idea  of  the 
notation  of  the  Greeks,  and  their  method  of  performing 
the  fundamental  rules  of  their  arithmetic,  which  is  evident- 
ly, in  every  respect,  very  much  inferior  to  that  of  the  mo- 

Somtn  Notation.  The  Romans  also  employed  some 
of  the  letters  of  their  alphabet  for  designating  different 
numbers,  which,  though  sufficiently  commodious  in  point 
of  representation,  was  by  no  means  adapted  for  arith- 
metical calculations.  The  simple  characters  were  as  follow : 
1  was  represented  by  i 
5  -         -         1^  V 

10  -         -        by  X 

50  -         -         by    L 

100  ■       -        -         by  c 
500         -         -         by  D 
1000         -        ■■         by  M 
And  by  means  of  these  characters,  and  the  various  com- 
bination of  them,  they  expressed  any-aumber  whatever. 
These  are  slill  in  use  for  representing  dates,  numbering  of 
chapters,  pages,  &c. 

NOTKS,  in  Music,  are  characters  which  mark  the  tones, 
i.  e.  the  elevations  and  fallings  of  the  voice,  or  sound,  and 
the  swiftness  orslowness  of  its  motions,  &c;  and  these  have 
undergone  various  alterations  and  improvements,  before 
they  arrived  at  their  present  state  of  perfection. 

NOVEMBER,  the  eleventh  month  in  the  Julian  year, 
but  [he  ninth  in  the  year  of  Romulus,  beginning  with 
Murch  ;  whence  its  name.  In  this  month,  which  contains 
30  days,  the  sun  enters  the  sign  f ,  viz,  usually  about  the 
21st  day  of  the  month. 

NUCLEUS,  the  kernel,  is  used  by  Hevelius,  and  some 
other  astronomers,  for  the  body  of  a  comet,  which  others 
call  its  head,  as  distinguished  from  its  tail,  or  beard. 

NucLGiTB,  is  also  tised  by  snmc  writers  for  the  central 
parts  of  the  earth,  and  othtr  planets,  which  they  suppose 
firmer,  and  as  it  were  separated  from  them,  considered  as 
a  cortex  or  shell. 

NUEL,  the  same  as  Newei.  of  a  Staircase. 

NUMBER,  a  collection  or  assemblage  of  several  units, 
or  several  things  of  the  same  kind ;  as  2,  3,  4,  &c,  exclu- 
sive of  the  number  1 ;  which  is  Euclid's  detinition  of  num- 
ber—Stevinus  defines  number  as  that  by  which  the  qUBi>- 
tity  of  any  thing  is  expressed  :  agreeably  to  which  Newton 
conceives  a  number  to  consist,  not  in  a  multitude  of  units, 
as  Euclid  defines  it,  but  in  the  abstract  ratio  of  a  quautity 
of  any  kind  to  another  quaniily  of  the  same  kind,  which  i 
is  accounted  as  unity:  end  in  this  sense,  including  all  these 
three  species  of  nufn  her,  vlt,  Integers,  Fractions,  and  burds. 

Wolfiiw  defines  number  to  be  something  which  refers^  to 
unity,  ai  one  right  line  refers  to  another.  Thus,  assuming 
aright  line  for  onity,8number  may  likewise  be  expressed 
by  a  right  line.  And  in  this  way  also  Descartes  considers 
numbers  as  expressed  bylines,  where  he  treats  of  the  arith- 
metical operation  u  performed  by  lines,  in  the  beginning 
of  his  Geometry. 

Q 


Digitized  by 


Google 


HUM 


C  »*  1 


MUM 


Mathematidaas  divide  number  into  different  claswa ;     on  Diophanlm,  pa.  1 86,  that  he  wai  engaged  in  writing  & 

work  on  this  subject,  which  would  contain  mnita  varia  et 
abitniaissima  numcrorum  mynleria :  and  it  has  long  been 
regretted  by  mathematicians  that  this  work  never  appeared. 


NcMBKRS,  Abnobtte,  Abttntet.  Ahmtdmtt,  AmicaHe,  Ap- 
pUaite,  a^culoT,  Concrete,  Comjtoiilt,  GMc,  Drf<setioe, 
PractiontU,  Figwatt,  Pofygoaai,  Pafeet,  Prime,  Pyramidtd, 
Ratiotuil,  Similar,  Square,  &c,  for  nbich  see  the  respective 
kdjectives. 

Beside  these  diTisions,  vhich  form  the  principal  heads 
under  which  Mttmbeis  are  considered,  they  are  also  di- 
vided into  axn  and  odd,  and  formerly  they  were  distin- 
guished into  evenh/-nen,  nenij  odd,  &c  ;  but  these  deno- 


Some  celebrated  foreign  authort  seem  to  attribute  the  ci 
curastance  to  the  ignorance  of  thepersons  into  whose  bands 
Fermat's  papers  were  consigned  at  hig  death ;  but  we  are 
rather  inclined  to  ascribe  it  to  a  different  cause  ;  we  sup- 
pose that  at  the  time  the  note  was  written,  Fermat  waa 
really  eugaged  in  such  a  work,  and  expected  to  be  able  to 
nptete  the  undertaking;  but  probably  failing  in  some 


minations  are  now  disussd,  and  the  same  is  expressed  by  <A  his  most  celebrated  theotems,  he  suppressed  the  work 

saying,  numbers  of  the  form  4n,  4n  +  1,4a—  1,  6(C;  by  entirely:   and    this  idea   receives   considerable  strength 

which  is  to  be  understood  that,  is  the  first  place,  tbe  num-  from  tbe  circumstance  of  Euler  having  shown,  that  one  at 

bet  is  exactly  divisible  by  4;  in  the  second,  the  number  leaab  of  bis  theorems,  though  true  in  a  great  many  cases, 

being  divided  by  4  it  leaves  a  remainder  1 ;  and  in  the  is  not  generally  so.     Femat  had  said,  that  2*  -4-  I  is  al- 

tbird  place,  when  divided   by  4,  it  leaves  a  remainder  ways  a  prime,  if  «  be 'taken  any  number  in  the  series 

3  or  —  1 ;  and  the  same  is  implied  when  numbers  are  said  3,  4,  8,  l6,  &c;    but  Euler  found    that  2"  -»-    i  = 

to  beof  any  other  formas  7n  +  ],  7)1 -t- 3,  Ua  t- 2,&c:  641  »  6700417,  and  therefore  ia  nut  a  prime  number.    It 

this  is  a  much  more  simple  and  general  method  of  classing  should  however  be  observed,  that  Fermat  had  made  no 

numbers,  and  is  that  which  is  now  commonly  employed.  mention  oF  his  having  demonstrated  this  theorem. 

We  find  from  the  different  fragments  that  have  been         But  of  all  those  roathemalicians  who  have  treated  on  the 

transmitted- to  us,  some  of  which  are  found  in  the  Ele-  scimce  of  numbers,  Euler  claims  the  most  distinguished 

ments  6i  Euclid,  that  the  ancient  mathematicians  had  situation  :  we  are  also  much  indebted  to  the  labours  and 

tnade  tome  considerable  progress  in  the  investigation  of  ing^uity  of  L^rangei  Lqcndre,  and  Gauss.     The  two 

the  properties  of  numbers ;  but  they  wanted  two  power-  latter  have  pubtitbed  works  expressly  on  this  subject,  en- 

fnl  instruments,  to  order  to  fathom  thii  subject,  of  which  tirely  independent  of  each  other's  method,  both  of  which 

tbe  moderns  have  availed  themselves;  these  are  the  pre-  possess  a  very  great  degree  of  merit;  but  the  latter  has 

sent   mode  of  notation,  which  expresses  numbers  with  the  greatest  claim  to  originality.     The  former  work  is  in 

so  much  facility,  and  the  science  of  algebra,  which  ge-  French,  entitled  E»ai  sur  la  Theorie  des  Norabres,  par. 

neralizes  the  results,  and  with  which  we  can  operate  with  Legendre ;  the  first  edition  of  which  was  published  in  4to, 

tbe  same  ease  on  known  and  unknown  qnantities.     These  at  Paris,  in  the  year  ,  and  a  second  edition,  with 

inveniioDS  could  not  but  have  a  powerful  influence  in  pro-  considerable  improvements,  in  1608.     The  latter  work  is 

moting  the  progress  of  the  scienco  of  nnmbcti;  and  ac-  in  l^lin,  under  the  title  of  Disquisitiones  Arithmetics,  and 


cordingly,  we  find  the  work  of  Diopbantus,  the  most 
cient  author  on  algebra  that  we  know  of,  is  entirely  dedi< 


it  baa  since  been  translated  into  French. 
It  is  impossible  for  ui,  in  the  space  t< 


.                ,  ...             which  we  must 

cated  to  the  properties  of  numbers,  and  contains  many  confined  this  article,  to  enter  at  length  on  the  subject  of 

difficult  questions  which  required  considerable  address  numbers;  we  shall  therefore  confine  gursetves  to  the  enu- 

ind  sagacity  to  resolve.  mefation  of  some  of  the  most  curious  and  important  pro- 

From  Diophantus,  -  to  the  time  of  Vieta  and  Bacbct,  pertiet. 


mathematicians  continued  to  occupy  themselves  with  the 
subject  of  nuralien,  but  without  much  success;  at  length 
Vieta,  by  adding  a  new  degree  of  .excellence  to  algebra, 
resolved  many  difficult  problems  relating  to  numbers, 
Bachet,  in  his  work  entitled  Probl^mes  Plaisanset  D^lec- 
tables,  gave  a  solution  to  all  indeterminate  equations  of 
the  first  degree,  by  a  method  as  it^eniods,  at  it  was  ge- 
neral in  its  application.  To  the  same  ingenious  author 
we  are  indebted  for  an  excellent  commentary'        ~' 


Propertiet  qfNumberi. 

1.  Every  even  number  is  of  tbe  form  2«,  and  every  odd 
number  of  the  form  2n  ±  1,  ' 

3.  Every  prime  number,  greater  than  9,13  contained 
in  one  of  the  formulie  fin  •»■  1,  or  6it  —  1  ;  and  every 
prime  number  greater  than  3,  in  one  of  tbe  forms  4n  4-  ], 
or  4n  —  1. 

3.  Every  even  square  number  it  of  tbe  form  4n,  and 


phantus,  which  was  afterward,  enriched  by  the  marginal     "^^^^  °i^  «A?"-  "'""IV  *^''!!'.!°T  !*  "      ,    .. 
not«  nf  Pprm.t.  »l,n  »..  nn-  nf  .k™.  f\.U  — ,  .Z,,^.        *■  ^hc  followmg  table  exhibits  Uie  forms  of  all  s< 


notes  of  Fermat,  who  was  one  of  those  that  moat 
buted  to  bring  this  science  to  perfection,  by  the  great  va- 
riety of  elegant  theorems  that  he  proposed,  though  be  left 
many  of  them  without  demonstrations ;  they,  however, 
liad  the  effect  of  calling  into  action  the  talents  of  many 
eminent  mathematicians.  It  was  the  custom  at  that  time 
to  propose  questions  by  way  of  challenge  to  each  other, 
the  solutions  to  whjch  were  accordingly  concealed,  in 
order  to  secure  to  themselves,  of  to  their  nation,  the 
honour  of  solving  them  ;  this  was  at  least  the  case  with 
the  English  and  French  mathematicians,  between  whom 
there  was  much  rivalry  at  that  time. 

We  are  however  inclined  to  think,  that  many  of  the 
theorems  of  Fermat  were  only  the  result  of  observation 
and  trials,  and  that  he  himself  never  arrived  at  their  de- 
mons tratious;  though  he  expressly  says,  in  one  of  his  iwtcB 


mbcrs^  with  regard  to  every  modulus  from  1  to  13. 


Moduli. 

FomniU 

3 

21 

.    Sn+  1 

3 

3B 

S»+  I 

4 

4» 

*4i.  +  1 

5 

5» 

5n±l 

6 

6n 

6^-^  1 

6-1-^4 

7 

7" 

ro-fl 

7n  +  3 

8 

Sn 

SWH-   I 

8n  +  * 

9 

9» 

9«-hl 

i)«  +  4 

9a-.-  7 

10 

ion 

im±  1 

10»±4 

IOn+  5 

II 

{ 

lln  +  3 

IJN  -1-  1 

Iln-f-  4 

Iln  -1-  9 

12 

12n- 

13»+  1 

I2b±3 

12>i-f-  4 
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Aad  comequently  ffreiy  number  that  does  not  fsl)  under        17.  A  tiam1i«r  thai  is  the  lum  of  two  iquwe*.  being 
■ome  one  of  the  above  foms  ii  not  aiquare.  muUiplied  bja  number  of  the  ume  form,g^ves  apFoduct 

5.  Thefollovring  tablet  exhibit  all  theimpouiblafbrnu     that  U  the  lum  of  two  wguares  :  that  is,  (;*  •*■  q*)- * 


of  square  numbers,  as  referred  to  the  moduli  3.  4,  and  5 
that  is,  no  number  that  falls  under  any  of  the  forms  in  the 
table  calk  be  a  square  number. 


Sf±  Squ* 


GencnlForau. 
(Sp  +  S)  (•i  3ji«i(  4p±2) /V  *}«' 
and 
<4p-<-3)f*±49a' 


and 
3p<*  +  3yii* 


3/»  ±  4f«» 
14t»  ±  ♦?«» 


SI*  y    J^B* 

3(«>^  5yu* 
71''^  iqu* 

13(»V>  591^    , 
GeDcnl  Fom. 


18.  Theproduct  of  the  sum  of  four  squares,  by  the  sum 
of  four  squares,  is  itself  the  sum  of  four  squares ;  or, 

(p*  *  9*  *  ■*  *<•) «  &  *  i' *'t- *'f>  = 

19.  Every  number  is  a  triangular  number,  or  the  sum 
of  two  or  three  triangular  numben.  A  square,  or  the 
sum  of  two,  three,  or  four  squares,  A  pentagonal,  or  the 
sum  of  two,  three,  four,  or  five  pentagonals,  &c.^ThiB  is 
one  of  the  celebrated  theorems  of  Fermat;  but  it  has 
never  been  demonstrated,  except  for  the  two  £rst  cases. 
Theother  part  of  it  still  remains,  to  exercise  the  ingenuity 
of  mathematicians. 

SO.  Every  number  is  a  cube,  or  the  sum  of  2,  3,  4,  5, 
f>)  7>  8,  01 S  cubeii^-<This  is  one  of  Dr.  Waring's  theorems, 
but  we  believe  k  has  never  been  demonstrated. 

21.  Up  and  g  be  any  two  numbers  prime  to  each 
other,  thenp"  -t-  9*  can  only  be  divided  by  numbers  of 
the  same  form.  Or,  which  is  the  same  thing,  a  numbei 
that  is  the  sum  of  two  squares,  can  only  be  divided  by 
numbers  that  are  the  sum  of  two  squares :  the  two  givea 
squares  being  prime  to  each  other. 

23.  And,  in  general,  all  numbers  compriied  in  any  of 
the  following  form*;  vi«,  p'  +  q',p'  -t-Sj',  p"  —  2g%  can 
have  for  divisors,  only  those  numbers  which  fall  under  the 
same  form  as  tbemselves. 

23.  Every  prime  number  4n  +  1,  which  divides  the 
formula  p*  ■+■  Qt^,  will  also  divide  the  formulap'  —  2}*. 

34.  A  prime  number  4(1  —  1,  that  divides  the  for- 
mula j^  -t-  a<f,  cau  not  be  a  divisor  of  the  formula 
p*  ~  a^. 

25.  Every  prime  number  8n  -»-  1,  or  ^  +  7,  will  di- 
5,  is,  ekcln-     vide,  at  the  same  time,' the  two  forroulie}^  -f-  of'.an^ 
,  which  is  the    ?*  •*-  ^o't*  <>'  '*  *'"  divide  neither  of  them, 
same  thing,  every  prime  nambcrof  the  form  4a  -1-  1  is  the         26.  Every  prime  number  8n  -t-  3,  or  8m  -«-  5,  will  al- 
aum  of  two  squares.  ways  divide  one  of  the  two  formula^ +  aj*,  or p'-t-2oj*, 

8.  Every  prime  number  8n  -4-  1,  Sn  -t-  3,  ii,  exclusively     ^nt  it  can  divide  only  one  of  them, 
of  all  others,  of  the  form  i*  -*-  2y*.  37,  If  c  be  a  prime  number,  and  »  any  number  not  di- 

9-  Every  prime  number  6n  +  1,  8n  -•-  7,it,  exclusively  visible  by  c,  then  n  divided  by  c,  will  leave  the  same  re- 
of  alt  others,  of  the  form  x*  —  Sy*.  maindcr  as  tf  divided  by  c.     Hence  is  readily  deduced 

10.  Every  prime  numbei  Sn  —  1  is  of  the  f^rm  the  fallowing  theorem,  which  is  of  the  greatest  use  in  the 
p* -»■  5' ■♦- 2r  .  theory  of  numbers. 

11,  Every  number  of  the  form  24fl  -1-  j  is  the  sum  of  SS,  If  c  be  a  prime  number,  and  n  any  number  notdi* 
five,  or  a  less  number  of  squares,  whose  roots  are  of  the  fiiible  by  c,  then  will  n  '  ~  '  -  1  always  be  divisible  by  c. 
form  on  —  1.  39.  If  n  be  a  prime  number,  then  will  (1  .  8  .  3 .  4  &c. 

IS.  Every  number  of  the  form  8n  -*-  6,  is  the  sura  of  (»  _  i)  +  1)  always  be  divisible  by  a. 

MX,  or  a  less  number  of  squares,  whose  roots  ate  of  the  This  theorem  ii  given  in  a  more  general  form  by  H. 

form  4m  -  I.                                                        '  Gauss,  in  his  Disquisitiones  ArithmetJcse;  thus : 

13.  Every  odd  number,  except  those  of  the  form  30,  If  »  be  any  number  whatever,  aod  a,  i,  e,  kc,  all 
811  -1-  7,  is  the  sum  of  three  squares.  And  no  numbers  of  those  numbers  less  than  *,  and  also  prime  to  it,  then  will 
this  form  can  be  the  sum  of  three  squares.  (a  .  6 .  c ,  &c.  (n  -  1)  +  1)  be  divisible  by  n. 

14.  ^Every  odd  number,  without  exception,  is  of  the  From  the  former  of  these  two  enumerations  is  readily 


Where  it  is  only  necessary  to  observe,  that  q  and  its  re- 
spective moduli  must  be  prime  to  each  other. 

6.  Tbe  powers  of  all  numbers  from  the  3d  to  the  13th 
(the  7th  excepted),  are  of  the  following  specified  forms, 

a*      is  one  of  the  forms    3n  or     3s  -f-  1 
o'  -  .  7»  or     7i»  ±  1 

a*  -  -  5)1  or     Sn  -f-  I 

a'  -  -         Itn  or    lln  ±  I 

*'  -  -         7n  or     7n  -t-  1 

a*  -  -         171.  or   17n  ±  1 

0*  -  -    ■    19a  or.  i9B  ±  1 

«"  -  -         1  in  or   t  In  -i>  1 

«"  -  -         23ii  or  23n  ±  1 

o"  -  -         13a  or   13n  -t-  1 

Tbe  7tb  power  is  not  reducible  to  a  similar  form,  because 
neither  7  ■*-  I  nnr  2  x  7  -h  I  is  a  prime  numbe) 

7.  Every  prime  number  8n  •«-  1,  8n 
lively  of  all  others,  of  the  form  x' 


formp*  t-  9*  H-  3r*.  It  should  be  observed  that  in  ibis 
form,  as  also  in  all  others  we  have  .^neotioned,  any  one  or 
more  of  those  squares  may  become  zero. 

15.  Every  number  of  the  formp*  -t-  f  ■t-t',  when  mulr 
tiplied  by  2,  gives  a  number  of  the  form  p*  -t-  9*  -t-  2r'; 
and  the  latter  form  being  multiplied  again  by  3,  r«pro> 
duces  the  former. 

16.  If  a  number  be  the  sum  of  two  squares,  its  double 
is  the  sum  of  two  squares. 


deduced  tbe  following  coroUsry;  namely, 

31.  Ifa  bea  prime  number,  then  will  (1* .  2' .  3* .  4* ,  Ace, 


(V>' 


'  1}  when  divided   by  is,  always  have  a  re- 
s  of  the  form  4n  —  1, 


mainder±  1  j  that  is  +  1,  when  » i 
and  —  I  when  n  is  of  the  form  4a  -^  i- 

32.  If  sa  be  made  to  represent  the  sum  of  all  the  di< 
visors  of  any  number  a,  then  will  Bn  =s  s  (■  —  1>  •♦■ 

Q2 


y  Google 


N  U  M  [    iifl    ] 

B  (n  -  3>  -  «  («  -  4)  -H  B  («  -  5)  + 

nor  diffetrace  of  two  cubes  can  be 

nor  differcDce  of  two  biquitdra- 


N  UM 


B  («  -  2)  - 
8(1-6)-, 

33.  Meither  the 
a  cube 

34.  Neither  the 
tnres,  caD  be  a  squ 

35.  And,  generally,  the  equal! 


March  April 

Easter-day,22,23,«4,25,a6,27,28,29,30,3I,  I,  l.&c. 
No.ofdir.  ),  2,  3,  4,  5,  6,  7,  8,  9,  10,  ll,i;;,&c 
and  to  on,  till  the  iiumber  of  direction  on  the  lower  line 
be  35,  which  will  answer tu  April  35,  being  tlie latest  that 
Easter  can  happen.  Therefore  add  21  to  the  number  of 
jr"±y  =t"  is  always     direction,  and  the  sum  will  be  so  many  days  in  March  for 


exceeds  2. — This  is  orie  of  Fermai's     the  Easter-day  :  if  the  si 
theoreins,  which  has  never  been  demonstrated,  except  for     the  day  of  April, 


a  exceed  31,  the  excess  will  be 


the  first  two  cases.  Euler  has  generalized  those  cases, 
by  demonstrating  that  the  equation  t^bx*  ±  Ir^ay'  ^  z'  is 
always  impossible. 

36-  The  sum  uf  any  number  of  consecutive  cubes,  be- 
ginning at  unity  (or  at  any  other  number  that  is  buth  a 
square  and  a  cube),  is  a  square  number. 

37-  The  second  difierences  of  consecutive  square  num- 
bers is  2  ;  the  third  difference  of  cubes  is  &:  and  generally, 
thenth  differences  of  the  nth  powi-rsof  any  numbers  in  arith- 
Rielical  progression,  is  Constant,  and  is  equal  to  1  x  2  x 
3  X  ♦ {"—1)  "  "'''i  when  d  is  the  common  differ- 
ence of  the  series. 

38.  The  area  of  a  rational  right-angled  triangle  cannot 
be  a  square  number. 

39.  In  any  rational  right-angled  triangle,  one  of  the 
■ides  is  divisible  by  5. 

40.  There  cannot  be  more  than  three  square  tiumbers 
in  an  arithmetical  progression. 

41.  The  difference  between  any  number,  and  another 
Iiumber  formed  with  the  same  digits  any  how  transposed, 
is  always  divisible  by.9-' 

42.  The  difference  between  any  odd  power  and  its  root, 
is  divisible  by  double  the  exponent  of  that  power. 

43.  The  formula  a"  -  o"  is  always  divisible  byo—  1. 

44.  If  m  —  n  be  even,  then  will  a"  -  a"  be  divisible  by 


Tofindihe  K vub eh.  qf  Direction.  Enterthe  following 
table  (which  is  adapted  tu  the  new  style),  with  the  do- 
minical letter'on  the  left  hand,  and  the  golden  number  at 
the  top,  then  where  the  columns  meet  is-  the  number  of 
direction  fur  that  year.  See  Ferguson's  Astrou.  pa.  381, 
ed.  8vo. 


■  1. 

45.  If  fli  —  n  be  odd,  then  v 
-  1. 


a™  -f-  o"  be  divi 


ible  by 
always  divisible  by  a  —  5, 
'  —  t*  be  divisible  both  by 


46.  The  formula  a"  —  t- 
vrhatever  he  the  value  of  m. 

47.  Iff7ibeeven,tbenvrilli 
a  ~  b  and  a  -*■  b. 

48.  If  nt  be  odd,  then  will  a*  -f-  &■  be  divisible  by 

4p.  No  algebraical  formula  can  be  found  that  will  con- 
tain prime  numbers  only. — This  theorem  is  demon- 
strated by  Legendre  in  his  Essai  sur  la  Theorie  des  Nom- 
bres. 

50.  The  greatest  known  prime  number  isSl47483647. 

The  above  numerical  properties  have  been  chiefly  se-  many  tens.     In  like  manner,  two  ciphers  joined  to  any 

lected  from  Waring's  Meditationes  Algebraics  ;  Euler's  one  of  the  first  nine  significant  figures,  make  it  become  so 

Anal.  Infin.,  and  his  Algebra ;  Legendre's  Essai  sur  la  many  hundreds,  three  ciphers  make  it  thousands,  and  so 

Theorie  desNombres;  and  from  Gauss's  Disquisitiones  on. 

Arithmetics:    to  which  works  the  reader  is  referred  for         Wcigelius  indeed  shows  how  to  number,  without  going 

.every  information  that  can  be  desired  on  this  interesting  beyond  a  quaternary  ;  i.  e.  by  beginning  to  repeat  at  each 

subject.  fourth.     And  Leibnitz  and  De  Lagny,  in  what  they  call 

NuitBEU,  Golden,    See  Golden  Number  and  Cycle!  their  binary  arithmetic,  begin  to  repeat  at  every  2d  place; 

NuMBEE  <if  Direction,  in  Chronology,  some  one  of  the  using  only  the  two  figures  I  and  0.     Rut  these  are  rather 

mbers  between  the  Easter  limits,  or  between  the  matters  of  curiosity  than  use.     See  Notation. 


Thus,  for  the  year  1814,  the  dominical  letter  being  b, 
and  the  golden  number  10 ;  on  the  line  of  b,  and  below 
10,  is  20  for  the  number  of  direction.  Tolhisadd21,  the 
sum  is  41  days  from  the  1st  of  March,  which,  deducting 
the  3 1  days  of  March,  leave*  10  for  the  day  of  April,  for 
£aster-duy  that  year. 

NvHERAL  Characlert.     See  CiiAUACTERa. 

Numeral  Figure$.  Theantiquity  of  these  in  England 
has,  for  several  reasons,  been  supposed  as  high  as  the  ele- 
venth century  ;  in  France  about  the  middle  of  the  tenth 
century  ;  having  been  introduced  into  both  countries  from 
Spain,  where  they  had  be^n  brougtit  by  the  Moors  or  Sa> 
racens.  See  Wallis's  Algebra,  pa.  9&c,  and  pa,  153  of 
additions  at  the  end  of  the  same  ;  also  Pbilos.  'iVans.  No. 
439  and  475.     Sec  also  Notation. 

NUMERATION,  in  Aritfcmctic,  the  art  of  estimating 
or  pronouncing  any  number,  or  series  of  numbirs. 

Numbere  are  usually  expressed  by  the  ten  fiillowing 
characters,  1,  3,  3,  4,  5,  6,  7,  8,  9,  0;  the  first  nine  de- 
noting respectively  the  first  nine  ordinal  numbers  ;  and  the 
cipher  0,  joined  to  any  of  the  others,  denotes  so 


earliest  and  latest  day  on  which  it  can  fall,  i,  e.  between 

March  S2  and  April  25,  which  are  35  days ;  being  so 

called,  because  it  serves  as  a  direction  for  finding  Easter 

for  any  year;  being  indeed  the  number  that  e 

how  many  days  after  March  21,  Eaater-day  falls. 

Easter-day  falling  as  in  the  first  line  below,  the  number  of    3d  place  hunilreds,  in  the  4th  place  thousHiids,  &i 

direction  will  be  a*  on  the  lower  line :  number  5555  is  five  thousand  five  hundred  fifty  and  fi< 


ificant  figures  may  express  not  only 

nits,  but  also  tens,  hundreds,   thousands,  &c,  they  have 

local  value  given  them,  as  hinted  above;  go  that,  though 

ipresses     when  alone,  or  in  a  right-hand  place,  they  denote  only 

■"'  "  "     the  2d  pliiCc  they  dunotc  tens,  in  the 

"  the 


y  Google 
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NUT 


Hence  then,  to  express  any  writt«i  number,  or  assign 
theproper  value  to  each  character;  be^inningattbe tight 
hand,  divide  the  proposed  number  into  classes,  of  three 
characters  to  each  class  ;  and  consitler  two  classes  as 
making  up  a  period  of  six  figures  or  places.  Then  every 
period,  of  six  figures, 'has  a  name  comraon  to  all  ihc  fi- 
gures in  it;  the  1st  being  primes  or  units;  the  2d  is  mil- 
lions; the  3d  is  millions-of- millions,  or  billions;  the  4th 
is  millionE-of-millions-of-millioiis  or  trillions;  and  go  on; 
also  every  class,  or  half-period,  of  three  figures,  is  read 
separately  by  itself,  so  many  hundreds,  tens,  and  units ; 
only,  after  the  left-hand  half  of  each  period,  the  word 
thousands  is  added  ;  and  at  the  end  of  (he  ^d,  3d,  4lh  &c 
period^  its  common  name  millions,  billiona,  &c,  is  e\- 
pifsscd.  Thus,  the  number  4,5^1,  is  *  thousand  5  hun- 
dred and  91. — Thetiuinber3lO,463,  is  2  hundred  and  10 
thousands,  and  4fi3.— The  number  281,427,307,  is  281 
millions,  427  thousands,  and  307- 

NUMERATOR,  of  a  Fraction,  is  the 'number  which 
shows  how  many  of  those  parts,  which  the  integer  is  sup- 
posed to  be  divided  into,  are  denoted  by  the  fraction. 
And,  in  the  notation  the  numerator  is  set  over  the  deno- 
minator, or  number  [hat  shows  into  how  many  parts  the 
integer  is  divided,  in  the  fraction.  So,  ex.  gr,  j  denotes 
three-fourths,  or  3  partsoulof  4;  where  3  is  the  numera- 
tor, and  4  the  denominator. 

NUMERICAL,  Ndmeaous,  or  JVumera;,  something 
that  relates  to  nurnber. 

NtJUEKAL  Algebra,  is  that  which  makes  use  of  num- 
bers, in  contradistinction  from  literal  algebra,  or  that  iu 
vhich  the  letters  of  the  alphabet  are  used. 

NUNEZ  (Petbe).     SeeNONlUS. 

NUTATION,  in  Astronomy,  a  kind  of  libratory  mo- 
tion of  the  earth's  axis ;  by  which  its  inclination  to  the 
plane  of  the  ecliptic  is  continually  varying,  by  a  certain 
number  of  seconds,  backwards  and  forwards.  The  whole 
extent  of  this  change  in  the  inclination  of  the  earth's  axis, 
or,  which  is  the  same  thing,  in  the  apparent  decIiDation  of 
the  stars,  is  about  19",  and  the  period  of  that  change  is 
little  more  than  9  years,  or  the  space  of  time  from  its 
setting  out  from  any  point  and  returning  to  the  same  point 
again,  about  18  years  and  7  months,  being  the  same  as  the 
period  of  the  rooon'^  motions,  upon  which  it  chiefly  de- 
pends ;  being  indeed  the  Joint  effect  of  the  inequalities  ({f 
the  action  of  the  sun  and  moon  upon  the  spheroidal  figure 
of  the  earth,  by  which  its  axis  is  made  to  revolve  with  a 
conical  motion,  so  that  the  extremity  of  it  describes  a 
small  circle,  or  r^ither  an  ellipse,  of  I9'l  seconds  diameter, 
and  14''*2  conjugate,  each  revolution  being  made  in  the 
space  of  18  years  7  months,  according  to  the  revolution  of 
the  moon's  nodes. 

This  is  a  natuul  consequence  of  the  Newtonian  system 
of  universal  attraction ;  the  first  principle  of  which  is,  that 
all  bodies  mutually  attract  each  other  in  the  direct  ratio 
of  their  masses,  and  in  the  inverse  ratio  of  the  squares  of 
their  distances.  From  this  mutual  attraction^  combined 
with  motion  in  a  right  line,  Newton  deduces  the  figure  of 
the  orbits  of  the  planets,  and  particularly  that  of  the  earth. 
If  this  oibit  werea  circle,  and  If  the  earth's  form  were  that 
of  a  perfect  sphere,  [he  atirnction  of  the  sun  would  huve 
DO  other  effect  than  tn  keep  the  earth  in  its  orbit,  without 
causing  any  irregularity  in  the  position  of  its  axis.  But 
neither  is  the  earth's  orbit  a  circle,  nor  its  body  a  sphere; 
for  the  earth  is  sensibly  protuberant  towards  the  equator, 
and  its  orbit  is  an  ellipsis,  wUicb  has  the  sun  in  its  focus. 


Now  when  (he  position  of  the  earth  is  such,  that  the  plane 
of  the  equator  passes  through  the  centre  of  the  sun,  the 
attractive  power  of  the  sun  acts  only  so  as  to  draw  the 
earth  towards  it,  still  parallel  to  itself,  and  without  chan- 
ging the  position  of  its  axis  ;  a  circumstance  which  hap- 
pens only  at  the  time  of  ibe  equinoxes.  In  proportion  as 
the  earth  recedes  from  those  points,  the  sun  also  goes  out 
of  the  plane  of  the  equator,  and  approaches  that  of  the  one 
or  other  of  the  tropics  ;  the  scniidiameter  of  the  earth, 
then  exposed  to  the  sun,  being  unequal  to  what  it  was  in 
the  former  case,  the  equator  is  mure  powerfully  attracted 
than  the  rest  of  the  globe,  which  causes  some  alteration  in 
its  position,  and  its  inclination  to  the  plane  of  the  ecliptic: 
and  as  that  part  of  the  orbit,  which  is  comprized  between 
the  autumnal  and  vernal  equinox,  is  less  than  that  which 
is  comprised  betweL'u  the  vernal  and  autumnal,  it  follows, 
that  the  irregularity  caused  by  the  sun,  during  his  passage 
through  the  northern  signs,  is  not  entirely  compensated  by 
that  which  he  causes  during  his  passage  through  the  south- 
ern signs ;  and  that  the  parallelism  of  the  terrestrial  axis, 
and  its  inclination  to  the  ecliptic,  is  thence  a  little  altered. 
,  The  likecffect  which  the  sun  produces  on  the  earth,  by 
his  attraction,  is  also  produced  by  the  moon,  which  acts 
witli  greater  force,  in  proportion  as  she  is  more  distent 
from  the  equator.'  Now,  at  the  time  when  her  nodes  agree 
with  the  equinoctial  points,  her  greatest  latitude  is  added 
to  the  greatciii  obliquity  of  the  ecliptic.  At  this  tiroa 
therefore,  the  power  which  causes  the  irregularity  in  the 
position  of  the  terrestrial  axis,  acts  with  the  greatest  force; 
and  the  revolution  of  the  nodes  of  the  moon  being  per- 
formed iu  IS  years  7  months,  hence  it  happens  that  in  this 
time  the  nodes  will  twice  ugreeftith  the  equinoctial  points; 
and  consequently,  twice  in  that  period,  or  once  every  9 
years,  the  earth's  axis  will  be  more  influenced  than  at  any 
other  time. 

That  the  moon  has  also  a  like  motion,  is  shown  by 
Newton,  in  the  first  book  of  the  PrJncipia ;  but  he  ob- 
serves indeed  that  this  motion  must  be  very  smalt,  and 
scarcely  sensible. 

As  to  the  history  of  the  nutation,  it  seems  there  have 
beenliints  and  suspicions  of  the  existence  of  such  a  cir- 
cumstance, eyer  since  Newton's  discovery  of  the  system 
of  the  univenat  and  mutual  attraction  of  matter;  some 
traces  of  which  are  found  in  his  Principia,  as  above-mei^- 
tioncd. 

We  find  too,  that  Flamsteed  had  hoped,  about  the  year 
1690,  by  means  of  the  stars  near  bis  zenith,  to,  determine 
the  quantity  of  the  nutation  which  ought  to  follow  from 
the  theory  of  Newton  ;  but  he  gave  up  that  project,  be- 
cause, says  he,  if  this  effect  exists,  it  must  remain  insensi- 
ble till  we  have  instruments  much  longer  than  7  ieet,  and 
jnore  solid  and  better  fixed  than  mine.  Hist.  Ceelest. 
vol.  3.  pa.  1 13. 

And  Horrebow  gives  the  following  passage,  extracted 
from  the  manuscripts  of  his  master  Roemer,  who  died  in 
1710,  and  whose  observations  be  published  in  1753,  under 
the  title  of  Basis  Astronomise.  By  this  paragraph  it  ap- 
pears, that  Roenier  suspected  alsoanutationin  the  earth's 
axis,  and  had  some  hopes  to  give  the  theory  of  it :  it  runs 
thus;  "  Seddealtitudinibusnon  perlnde  citIus  reddcbar, 
tkm  ob  refractionum  vartetutem  qu^ni  ob  aHam  nondum 
liquido  perspectam  causam  ;  scilicet  per  hus  duos  aonos, 
quemadmodUm  et  alias,  experius  sura  esse  quandam  in 
deciinationibus  varietatein,  qua:  ncc  rcfmctionibus  ncc 
parallaxibus  trlbui  potest,  siuc  dubio  ad  vacillulioneia 
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aliqiuiD  poll  tcimtris  referendain,  cujua  roe  veruimilem  -muiiniiim  it  16'' :  and  the  obliquity  of  the  ecliptic  »  aim 

due  paste  thcoriam,  obicrvaliotiibus  Eauuilam,  spero."  lubject  to  a  periodical  rquaiion  of  9"'53 ;  being  greater 

Basis  Astronomix,  1735,  pa.66.  by  I9'l"  wbenUie  moon's aiceniling node isin  Aries,  than 

These  ideas  of  a  nutation  would  naturally  preseDttbem-  when  it  is  in  Ubfa.     Both  these  t-fl'ccU  are  represented  to- 

sclvc*  to  those  who  might  perceive  certain  cliuiges  in  the  gelher,  by  supposing  the  pole  of  the  earth  to  describe  the 

declinations  of  the  stars ;  and  we  have  seen  that  the  first  periphery  of  an  ellipfiis,  in  a  retrograde  manner,, during 

■iwpicions  of  Bradley  in  1727,  were  that  there  was  some  each  period  of  the  niooa's  nod(%.  the  greater  axis,  lying  in 

nutation  of  the  earth's  axis  which  caused  the  star.y  Dra-  the  solstitial  colore,  being  Ipl",  andthe  leaser  axis,  lying 

conis  to  appear  at  times  more  or  less  near  the  pole;  but  in  the  equinoctial  colurc,  14'2"i  being  to  the  greater,  at 

further  observations  obliged  him  to  search  another  cause  the  cosine  of  double  the  obliquity  of  the  ecliptic  to  the 

for  the  annual  variations  (art.  Aberkatiun)  ;  it  was  not  cosine  of  the  obliquity  itself.     This  motion  of  the  pole  of 

till  some  years  after  that  he  discovered  the  second  motion  the  earth  is  calli^d  the  nutation  of  the  earth's  axis,  and  was 

which  we  now  treat  of,  properly  called  the  nutation.     See  discovered  by  Dr.  Bradley,  by  a  series  of  observations  of 

the  art.  Star,    where  Bradley's  discovery  of  it  is  given  several  stars  rnade  in  the  course  of  20  yeare,  from  1737 

at  length  ;  to  which  may  be  further  added  the  following  to  1747)  being  a  couiinuation  of  those  by  which  he  had 

■ummary.  discq^ered  the  aberration  of  light.     But  the  exact  law  of 

For  the  better  explaining  the  discovery  of  the  nutation  the  motion  of  the  earth's  axis  has  been  settled  by  the 

by  Bradley,  we  must  recur  to  the  time  when  he  observed  learned  mathematicians  Dalemberl,  Euler,  and  Simpson, 

the  stars  in  discovering  the  aberration.     He  perceived  in  from  the  principles  of  gravity.    7'he  equation  hence  arising 

1738,  that  the  annual  change  of  declination  in  the  stars  iu  the  place  of  a  fixed  star,  whether  in  longitude,  right 

near  the  equinoctial  cotune,  was  greater  than  what  ought  ascension,  or  declination  (for  the  latitudes  are  not  affected 

to  result  from  the  annual  precession  of  the  equinoxes  being  by  it)  has  been  sometimes  called  nutation,  and  sometime* 

supposed  50",  and  palculated  in  the  us^ial  way  ;   the  star  deviation."     And   again   (says   the   doctor,   pa.  8),  "  the 

ri  IJrseMajoris  was  in  the  month  of  September  17ZS,  SO"  above  quantity  l^'l",  of  ihc  greatest  nutation  of  llieearili's 

more  south  than  the  preceding  year,  which  ought  to  have  axis  in  the  solstitial  colure,  is  nhnt  I  found  from  a  scru- 

beenonlyJS";  from  whence  it  would  follow  that  the  pre-  pulous  calculation  of  all  Dr.  Bradley's  observations  of 

cession  of  the  equinoxes  should  be  5S"i  instead  of  5Cf,  y  Draconis,  \yhich  he  was  pleased  to  communicate  to  me 

without  ascribing  the  difference  between  the  18  and  20"  for  that  purpose.     From  a  like  examination  of  his  ohser- 

to  the- instrument,  because  the  stars  about  the  solstitial  vationofi)  Ursa:  Majoris,  I  found  the  lesser  axis  of  the 

colure  did  not  give  a  like  dil&rence.     Philoa.  Trans,  vol.  ellipsis  of  nutation  to  be  14*1",  or  only  iVtb  of  a  second 

3J.  pa.  659.  less  than  what  it  should  be  from   the  observations   ai  y 

In  general,  the  stars  situated  near  the  equinoctial  colure  Draconis.     But  the  result  from  thcobservationsof  y  Dra'* 

had  changed  their  declination  about  2'  more  than  they  conis  is  most  to  be  depended  on." 

ought  by  the  mean  precession  of  the  equinoxes,  the  quan-  Mr.  Machin,  secretary  of  ihc  Royal  Society,  to  whom 

tity  of  which  is  very  well  known,  and  the  stars  Bear  the  Bradley  communicated  his  conjectures,  soon  perceived 

solstitial  colure.  the  same  quantity  less  than  they  ought ;  that  it  would  be  sufficient  to  explain,  both  the  nutation 

but,  Bradley  adds,  whether  these  small  variations  arise  and  the  change  of  the  precession,  to  suppose  that  the  pole 

from  some   regular  cause,  or  are  occasioned  by  some  of  the  earth  described  a  small  circle.     He  stated  th^  dia- 

change  in  the  sector,  I  am  not  yet  able  to  determine,  meter  of  this  circle  at  18",  and  he  supposed  that  it  was 

Bradley  therefore  ardently  continued  his  observations  for  described  by  the  pole  in  the  space  of  one  revolution  of  the 


determining  the  period  and  the  law  of  these  variations  ;  for  moon's  nodes.     But  later  calculations,  and  theory,  have 

which  purpose  he  resided  almost  continually  at  Wansled  shown  that  the  pole  describes  a  small  ellipsis,  whose  axes 

till  1738,  when  he  was  obliged  lo  repair  to  Oxford  to  sue-  are  19"  1"  and  142",  as  above  mentioned, 

ceed  Dr.  Halley  ;  ha  stilt  however  continued   to  observe  To  show  the  agreemeat  between  the  theory  and  obAr- 

with  the  same  exactness  all  the  circumstanci-s  of  the  vations,  Bradley  gives  agreat  multitudcofobservationsof 

changes  of  declination  in  a  great  number  of  stan.     Kach  a  number  of  stat9,  taken  in  different  positions ;  and  out  of 

year  he  saw  the  periods  of  the  aberration  confirmed  ac-  more  than  300  observations  which  he  made,  he  found  but 

cording  to  the  rules  he  had  lately  discovered  ;  but  from  1 1  which  were  different  from  the  mean  by  so  much  as  2", 

year  to  year  he  found  also  other  differences  ;  the  stars  And  by  the  supposition  of  the  elliptic  rotation,  the  agree- 

situated  between  the  vernal  equinox  and  the  winter  soU  tnentof  the  theory  with  observation  comesoutstill  nearer, 

stice  approached  nearer  to  the  north  pole,  while  theoppa-  By  the  observations  of  1740  and  1741,  the  star  1;  XijM 

site  ones  receded  further  from  it^  he  befan  therefore  to  Majoris  appeared  to  be  3"  farther  from  the  pole  than  it 

suspect  that  the  action  of  the  moon  on  the  elevated  equa-  ongbt  to  be  according  to  the  observations  of  other  yean. 

torial  parts  of  the  earth  might  cause  a  variation  or  libra-  Bradley  thought  this  di^rence  arose  from  soma  particn* 

tion  in  the  earth's  axis :  his  sector  having  been  left  fixed  lar  cause ;  which  however  »  as  chiefly  the  fault  of  the  cir- 

Bt  Wansted,  he  often  went  there  to  make  observations  for  cular  hyptftbesis.     He  suspected  also  that  the  situation  of 

many  years,  till  the  year  1747,  when  he  was  fully  satisfied  ~  the  apogee  of  the  moon  might  have  some  inSuence  on  the 

of  the  cause  and  effects,  an  account  of  which  he  then  com-  nutation.     He  invited  therefore  the  mathematicians  to  cal- 

municated  to  the  world.     Philos.  Trans,  vol.45,  an.  174S.  culate  all  these  effects  of  attraction;  which  has  been  ably 

**  On  account  of  the  inclination  of  the  moon's  orbit  to  done  by  Dalembcrt,   Euler,  Walmeslty,   Simpson,  and 

the  ecliptic,"  says  Dr.  Maskelyne,  (Astronomical  Obser-  others  ;  and  the  astronomers  to  continue  to  observe  th« 

vations  1776,  pa.  3),  ''  and  the  revolution  of  the  nodesin  positions  of  the  smallest  stars,  as  well  -as  the  largest,  to 

antecedentia,  whichisperformedin  18yearsaDd7monthB,  discover  the  physical  derai^ements  which  ihry  may  be 

the  part  of  the  precession  of  the  equinoxes,  owing  to  her  subject  to,  and  which  had  been  observed  in  some  of  them. 

action,  is  not  uiuform ;  but  lubject  to  an  equation,  whose  Several  effects  arise  from  the  nvtatioD.    The  fint  of 
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thew,  and  that  which  is  the  most  eaiily  perceived,  is  the  when  the  moon's  ascending  node  is  in  Aries;  and  at  s, 

change  in  the  obliquity  of  the  ecliptic ;  the  quantity  of  when  that  node  gets  back  to  Capricorn  ;  and  the  angular 

which  ought  tq  be  varied  from  Chat  cause  by  18"  in  about  motion  of  the  true  pole  about  p,  isiikewise  supposed  equal 

9  years.     Accordingly,  the  obliquity  of  the  ecliptic  was  to  lliat  of  the  moon's  node  about  E,  or  the  pole  of  the 

observed  in  176*  to  be  i3°  28'  IS  ,  and  in  1755  only  ecliptic  ;  since  in  these  cases  the  true  pole  of  tfaeequator 

as"  28'  3":  rot  only  therefore  had  it  not  diminished  by  is  90  degrees  before  the  moon's  ascending  node,  it  must  be 

8",  as  it  ought  to  have  done  according  to  the  regular  mean  lo  in  nil  others. 

diminution  of  that  obliquity ;  but  it  had  been  augmented  Wl^n  the  true  pole  is  at  a,  it  will  be  at  the  same  dl- 

by  to";  mahng  together  18'',  foribe  effect  of  the  nutation  stance  from  the  stars  that  lie  in  the  equinoctial  colure,  ai 

in  the  9  years.  the  mean  pole  p  is  ;  and  as  the  true  pole  recedes  ba<!k 

'i'he  nutation  changes  equally  the  longitudes,  the  right-  from  a  towards  B,  it  will  approach  the  stars  which  lie  in 

ucensioiis,  and  the  declinations  of  the  stan,  as  before  ob-  that  part  of  the  colure  represented  by  PViandrecedcfrom 

Mrved  ;  it  is  the  latitudes  only  which  it  does  not  affect,  tfaosethat  lie  in  p  o;  not  indeed  with  an  equable  motion, 

because  the  ecliptic  is  immoveable  in  the  theory  of  the  but  in  t^e  ratio  of  the  sine  of  the  distance  of  the  moon's 

-  nutation.  '  node  from  the  beginning  of  Aries.     For  if  the  node  be 

Dr.  Bradley  illustrates  the  foregoing  theory  of  nutation  supposed  to  have  gone  backwards  from  Aries  90°,  or  to 

in  the  following  manner.     Let  p  represent  the  mean  place  the  beginning  of  Pisces,  the  point  which  represents  the 


of  the  pole  of  the  equator ;  about  which  point,  as  a  centre, 
suppocp  the  true  pole  to  move  in  the 
small  circle  abcd,  whose  diameter  is 
18".     Let  E  be  the  pole  of  the  eclip- 
tic, and  BP  he  equal  to  the  metfn  dt- 
Mancc  between  the  poles  of  the  equa- 
tor and  ecliptic;  and  suppose  the  true 
pole  of  the  equator  to  be  at  a,  when 
the  nioun's  ascending  node  is  in  the 
beginning  of  Aries;  and  at  B; 
the  nifde  gets  back  to  Capricori 
node  is  i^   libra:  at  which 


place  of  the  uuc  pole  will,  in  the  mean  time,  have  moved' 

in  the  little  circle  through  an  arc,  ns  ao,  of  30°  likewise; 

and  would  therefore  in  effect  have  approached  the  start 

that  lie  in  the  equinoctial  colore  PV,  and  have  receded 

from  those  that  lie  in  p  a  by  4}  seconds,  which  is  the 

of  30°  to  the   radius  ap.      For  if  a   perpendtcu- 

lar  fall  from  o  on  af,  it  may  be  conceived  as  psrt  of  a 

great  circle,  passing  through  the  true  pole  and  any  star 

lying  in  the  equinoctial  colure.     Now  the  same  propor- 

tien  tion  that  holds  in  these  stars,  wilt  obtain  likewise  In  all 

and  a,\  c,  when  the  same     others ;  and  from  hence  we  may  collect  a  general  rule  for 

the  north  pole  of  the     finding  how  much  nearei^  or  fitrther,  any  star  is  to,  or 


equator  bfitig  nearer  the  nortt  pole  of  the  ecliptic,  by  the  from,  the  mean  pole,  in  any  given  position  of  the  moon's 

whole  diameter  of  the  little  circle  ac,  equal  to  IB";  the  node. 

obliquity  of  the  ecliptic  will  the^  be  so  much  less  than  it         For,  if  from  the  right-ascension  of  the  star,  we  subtract 

was  when  the  moon's  ascending  node  was  in  Aries,     The  the  distance  of  the  moon's  ascending  node  from  Aries  ; 

point  p  is  supposed  to  move  round  e,  with  an  equal  retro-  then  radius  will  be  to  the  sine  of  the  remainder,  as  9"  is 


grade  motion,  answerable  to  the  mean  precession  arising 
from  the  joint  actions  of  the  sun  and  moon  :  while  the 
true  pole  of  the  equator  poves  round  p,  in  the  circum- 
ference abcd,  with  a  retrograde  motion  likewise,  in  a  pe- 
riod of  the  moon's  nodes,  or  of  18  years  and  7  months. 
By  this  means,  when  the  moon's  ascending  node  is  in 
Aries,  and  the  true  pole  of  the  equator  at  a,  is  moving 
from  A  towards  a ;  it  will 
to  the  meridian  with  the 


to  the  numt>er  of  seconds  that  the  star  is  nearer  ti 
farther  from,  the  true,  than  the  mean  pole. 

This  motion  of  the  true  pole,  about  the  mean  at  p,  witl. 
also  produce  a  change  in  the  right-ascension  of  the  stars, 
and  in  the  places  of  the  equinoctial  points,  as  well  as  in 
the  obliquity  of  the  ecliptic;  and  the  quantity  of  the 
equations,  in  either  of  these  cases,  may  be  easily  com-  , 
h  the  stars  that  come  {luted  for  any  given  position  of  the  moon's  nodes, 
about  the  vernal  equinox.  Dr.  Bradley  then. proceeds  to  find  the  exact  quantity  of 


and  recede  from  those  that  come  with  the  sun  near  the     the  mean  precession  of  the  equinoctial  points,  by  c 


aatumnal  equinox,  faster  than  the  mean  pole-p  doea. 
that,  while  the  moon's  node  goes  back  from  Aries  to  Ua- 
pricorn,  the  apparent  precession  will  seem  so  much  great- 
er than  the  mean,  as  to  cause  the  stars  that  lie  in  the  equi- 
noctial colure  to  have  altered  their  declination  9"]  in  about 
4  years'  and  8  months,  more  than  the  mean  precession 
would  do ;  and  in  the  same  time,  the  north  pole  of  the 
equator  will  seem  to  have  ^proached  the  stars  that  come 
to  the  meridi.-in  with  the  sun  of  out  winter  solstice  about 


paring  bis  own  observations  made  at  Greenwich,  with 
those  of  Tycbo  firahe  and  others ;  the  mean  of  all  which 
he  states  at  1  degree  in  7 1  i  years,  or  SOJ"  per  year;  in 
order  In  show  the  agreement  of  the  foregoing  hypothesis 
with  the  phenomena  themselves,  of  the  alterations  in  the 
polar  distances  of  the  stars ;  the  conclusions  from  which 
approach  as  near  to  a  coincidence  as  could  be  expected 
on  the  foregoing  circular  hypothesis,  the  diameter  of  which 
is  18" ;  instead  of  the  more  accurtte  quantity  19'l"t  as 


9",  and  to  have  receded  as  much  from  those  that  come  deduced  by  Dr.  Maskdyne,  and  the  elliptic  theory  at  d 

with  the  sun  at  the  summer  solstice.  termined  by  the  mathematicians,  in  which  the  greater 

Thus  the  phenomena  before  recited  are  in  general  con-  axis  (19'!'')  is  to  the  less  axis  (ll'S"),  as  the  cosine  of 

ftiroiablc  to  this  hypothesis. '  But  to  be  more  particular ;  the  greatest  declination  is  to  the  cosine  of  double  the 

let  s  be  the  place  of  a  star,  p%  the  circle  of  dciclination  tame. 

passing  through  it,  representing  its  distance  from  the  mean         To  give  en  idea  now  of  the  nutation  of  the  stars,  in 

pole,  and  <v  ps  its  mean  right-ascension.     Thus  if  o  and  longitude,  right  ascension,  and  declination  j  suppose  the 

R  be  the  points  where  the  circle  of  declination  cuts  the  pole  of  the  equator  to  be  at  any  time  in  thu  point  o, 

little  circle  a-bcd,  the  true  pole  will  be  nearest  that  star  also  H  the  place  of  any  star,  and  oh  perpendicular  to  ae  : 

at  o,  and  furthest  from  it  at  a ;  the  whole  difference  then,  like  as  as  is  the  solstitial  colure  when  the  pole  ot 

amounting  to  18",  or  to  the  diameter  of  the  little  circle,  the  equator  was  at  a,  and  the  longitude  of  the  star  s 

As  the  true  pole  of  the  equatoK  is  supposed  to  h«  at  a,  equal  to  the  tngle  a»9  \  so  ok  is  the  sobtiiial  colure 
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wtien  that  pole  is  at  o,  and  lite  longitude  is  then  only  tb'e     subtracied  from  ttie  mean  right- ascension  in  the  first  6 
ungle  oEs;  Kss  than  Wore  by  the  angle  jibo,  which     signs  of  the  lungitude  of  the  node,  and  added  in  the  other 

therefore  is  the  nutation  in  longitude;  counting  the  loti- 
gitudes  from  the  solstitiul  insicad  of  the  tquinuclial  co- 
lure,  from  which  they  ditfcr  cnually  by  90  degrees,  and 
therefore  liavc  the  same  difference  aeo.  Now  the  angle 
AEo  will  be  as  the  line  no  =  sin.  ao  to  radius  pb  =  sin. 
AO  X  FB  =  sin.  AO  X  g";  therefore  as  eo  :  ho  ::  r»diusl: 
po  ^  sin.  AO  X  9"  _  sin,  node  x  tf 
"      I.  23°  28' 


goine  I) 


23-  2&' 
longitudeof  the  moon's  node.  This  expression  therefore 
gives  the  nutation  in  longitude,  supposing  the  cnaximuni 
of  nutation,  with  Bradley,  to  be  18" ;  and  it  is  negative,  or 
must  be  subtracted  from  the  mean  longitude  of  the  stare, 
when  the  moon's  node  is  in  the  first  6  signs  of  its  longi- 
tude; but  additive  in  the  latter  6,  to  give  the  true  appa- 
rent longitude. 

This  equation  of  the  nutation  in  longiiudu  is  the  same 
for  all  the  stars;  biit  that  fur  the  declination  and  right 
for  the  ditForent  stars.  In  the  fore- 
e  mean  polar  distance,  or  mean  codc- 
clination  of  the  star  9,  whi-n  ihe  irnc  plnce  of  the  pole  is 
o;  and  so  thb  uparent  codeclination;  also,  the  angle  sfe 
is  the  mean  right  ascension,  and  soe  the  apparent  one, 
counted  from  the  solstitial  colure;  consequently  oPS  or 
opr  the  dilfcrenee  betwetn  the  right  ascension  orthc  star 
and  that  of  the  pole,  which  is  equal  to  the  longitude  of 
Ihe  node  increaied  by  3  signs  orpo  deg] 
to  be  a  small  arc  perpendicular  to  the  circle  of  declina- 
tion PFs  ;  then  is  sr  =  so,  and  pr  the  nutation  in  decli- 
nation, or  the  quantity  the  declination  of  the  star  has  in- 
creased; but  radius  1  r  9"  : :  cosin.  orr  :  pf^  9"  "  cos. 
opp ;  so  that  the  equation  of  declination  will  be  found 
by  multiplying  9"  by  the  sine  of  the  star's  right  ascension 
diminished  by  the  longitude  of  the  node ;  ^br  that  angle  is 
the  complement  of  the  angle  spo.  Thii  nutation  in  declt 
nation  is  10  he  added  to  the 
mpparent,  when  its  argument  di 


In  like  manner  is  found  the  change  which  the  nutation 
produces  in  the  other  piirtof  the  righl-ascension  SPE,  that 
is,  in  the  angle  spg,  which  becomes  soc  by  the  effect  of 
the  nutation.  '  This  small  variation  will  be  calculated  from 
the  some  analogy,  by  means  of  the  triangle  aca,  in  whicb  - 
the  angle  a  is  constant,  as  well  as  the  side  SG,  while  sp 
changes  into  so. .  Hence  thcrcfori',  tp.ng..SP  :  sin,  spg  1 : 
9"  :  variation  of  spo,  that  is,  the  cotangent  of  the  decli- 
nation is  to  the  cosine  of  the  distance  between  the  stxr 
and  the  node,  as  9"  are  to  the  quantity  the  angle  spg  va- 
ries in  becoming  the  angle  soG,  being  Ihe  second  part  of 
the  nutation  in  right-ascension;  and  if  there  be  taken  for 
the  argument,  the  right-ascension  of  the  star  minus  the 
longitude  of  the  node,  the  equation  will  be  subiractite  in 
the  linit  and  last  quadrant  of  the  argument,  and  additive 
in  the  2d  and  3d,  or  from  3  to  9  signs.  But  the  contrary 
(or  stars  having  south  declination. 

This  second  pari  of  the  nutation  in  right -ascension  af- 
fects the  return  of  the  sun  to  tbc  meridian,  and  therefore 
it  must  be  taken  into  the  account  in  computing  the  equa- 
tion of  lime.  But  the  former  part  of  the  nutation  does 
not  enter  into  that  computation ;  because  it  only  changes 
the  place  of  the  equinox,  without  changing  the  point  of 
the  equator  to  which  a  star  corresponds,  and  conse- 
pmisFng  OF  S^^^^'y  without  altering  the  duration  of  the  returns  to  the 
-   ■    ■■  meridian. 

All  these  calculations  of  the  nutation,  above  explained, 
are  upon  Machin's  hypothesis,  that  the  pole  describes  a 
circle;  however  Bradley  himself  remarked  that  some  of 
his  observations  differed  too  much  from  that  theory,  and 
that  such  observations  were  found  to  agree  better  with 
theory,  by  supposing  that  the  pole,  instead  of  the  circle, 
describes  an  ellipse,  having  its  less  axis  db  ^  16"  in  the 


declination  to  give  the     equinoctial  colure,  and  the  grcatei 


ixceed  6  signs;  and 
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c  =  18",  lying 


But  as  even  this  correction  was 

to  be  subtracted  in  the  iVtter6Mg''nB.  "Bu^  the  contrwy  "otsufficieni  to  cause  all  the  inequalities  to  disappear  en- 
for  the  stars  having  south  declination.  "1"^^'  ^^-  B^d'ey  referred  the  determination  of  the  point 
To  calculate  the  nutation  in  right-ascension,  we  must  "*  theoretical  and  physical  investigation.  Accordingly 
find  the  ditference  between  the  angle  bob  the  apparent,  ^""""^^  mathematicians  undertook  the  task,  and  particu- 
•nd  8PE  the  mean  right- ascension,  counted  from  the  sol-  '"'?  Dalembert,  in  his  Ilecherches  sur  la  Precession  des 
stitral  colure  eo.  Now  the  true  right  ascension  aoE  is  Equinoxes,  where  he  determines  that  the  pole  really  de- 
equal  to  the  difference  between  the  two  variable  angles  goe  *"'''^*  ^"  ^"'P**'  *°<'  '''"'  narrower  than  the  one  assumed 
and  00s ;  the  former  of  which  arises  from  the  change  of  ^^°'"'  ^J  Bradley,  the  gieater  axis  being  to  the  less,  as  the 
one  of  the  variable  circles  lo,  and  depends  onlv  on  the  <="""'=  °^  23°  28'  to  the  cosine  of  double  the  same.  And 
situation  of  the  node  or  of  that  of  the  pole  o  ;  the  latter  "  "■■•  Maskelyne  found,  from  a  more  accurate  reduction 
00s  depends  on  the  angleops,  which  is  the  difference  be-  "^  Bradley's  observations,  that  The  maximum  of  the  nuta- 
tween  the  right  ascension  of  the  star  and  the  place  of  the  "'"'  ^'"^  >9' '  ^""^  ^^^  g'"*"^"  ""•  'lierefore  the  above 
pole  o.  >Iow  in  the  spherical  triangle  gpe,  which  changes  P">po"ion  gives  U"  3"  for  the  less  axis  of  it ;  and  accord- 
into  DOE,  the  side  GKand  angle  g  remain  constant,  and  mgtothesedata.lhe  theory  and  observations  are  now  found 
the  other  parts  are  variable;  hence  therefore  the  small  "  ?8"f  "^^  near  together. 

variation  Po  of  the  side  next  the  constant  angle  g,  is  to         ^  Ulandes  Asiron.  vol-  3,  art.  28/4  &c,  where  he 

the  small  variation  of  the  angle  opposite  to  the  constant  ""'''«  ^^^  eo'rections  for  the  ellipse.     He  observes  how-  ■ 

side  GE,  as  the  tangent  of  the  side  pe  opposite  to  the  con-  «""  '''«*  ^V  ^^^  circular  hypothesis  alone,  the  compu- 

Blant  angle,  is  to  the  sine  of  the  angle  gpe  opposite  to  the  ^^'°"''  "^y  **  performed  as  accurately  as  ihe  observa- 

constant  side ;  that  if,  as  tang.  23°  28'  :  sin.  ope  : :  9"  :  *'•"'''  •^*"  '"=  '""''« •   ■""*  ^'^  concludes  with  some  cor- 

Q"  K  sin  nv  reciions  and  rules  for  computing  the  nutation  in  the  ellip- 

X  = ^ — p  the  difference  between  (he  angles  gok  tic  theory. 

tang.  23    28  -jbe  following  set  of  general  tables  very  readily  give 

andePK.  Thisis  thechangewhich  thcnutationroproduces  the  effect  of  nutation  on  the  elliptical  hypothesis;  they 

in  the  anglcGPE,  being  the  first  part  of  the  nutation  sought,  were  calculated  by  the  late  M.  Lambert,  and  are  taken 

and  is  common  to  all  the  start  and  planetB.    It  it  to  be  from  the  Connoissance  des  Temps  for  the  year  1788. 
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Tablb  1. 

Tablb  2. 

Table  3. 
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„ 

„ 
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„ 

0 
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3-93 

6.80 

SO 

0 

0-00 

0-58 

1-00 

30 

0 

0-00 

7*71 

13-36 

30 

1 

0-1  + 

4-04 

■0-86 

29 

1 

002 

0-59 

1-oi 

29 

1 

0.-27 

7-95 

13-50 

29 

2 

0-27 

4-l(( 

6-93 

28 

2 

O-Oi 

0-61 

.   1-02 

28 

2 

0-54 

8-18 

13-02 

28 

» 

0-41 

4-88 

«-99 

27 

3 

0-0« 

0-63 

1-02 

27 

3 

0-81 

8-40 

13-75 

27 

4 

0-55 

V39 

7-06 

28 

4 

0-08 

0.64 

1-03 

26 

4 

1-08 

8-63 
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26 

£ 

O-flS 

4-50 

7-11 

25 

5 

0-10 

0-68 

1-04 

25 

5 

1-35 

8-85 
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6 

0-m 

4-8  i 

7-17 

24 

6 

0-IS 

0*68 

1-05 

24 

6 
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9-07 

1410 

2^ 

7 

0-95 
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23 

7 

0-14 

0-89 
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23 

7 
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14-20 

23 

8 

1-11 

4-83 

7-28 

22 

8 

0-18 

0-71 

1-07 

22 

8 

2-15 

9-50 

14-31 

22 

9 

1-23 

4-94 

7-33 

21 

9 

0-18 

0-72 

1-07 

21. 

9 

2-41 

9-71 

1 4-41 

21 

10 

1-38 

5-05 

7-38 

20 

10 

0-80 

0-74 

1-08 

20 

10 

2-68 

9.92 

14-50 

20 

11 

I -50 

5-I5 

7-42 

19 

11 

0-22 

0*75 

1-09 

19 

1! 

2-f4 

10-12 

14-59 

19 
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1-83 

.'i-23 

7-47 

18 

12 

0-24 

0-77 

1-09 

18 

12 

3-21 

10-32 
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13 

1-77 

5-35 
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17 

13 

0-26 

0-78 

1-10 

17 

13 

3-47 

JO-SZ 

14-76 

17 

14 

1-90 

5-45 

7-5J 

18 

14 

0-28 

0-80 

MI 

16 

14 

3-73 

10-72 

14-83 

16 

15 

!?'03 

5-S5 

7-58 

15 

15 

0-30 

0-81 

I'll 

15 

15 
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14-90 

15 

16 

2-16 

5-65 
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14 

1« 
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0-83 
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14 
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14 
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0-35 
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M3 

12 

18 
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11-47 
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12 

19 

2-56 

5-92 

7-71 

11 

19 

0-37 

0-87 

1-13 

11 

19 

5-02 

11-65 

15-15 

11 

20 

2-BB 

6-01 

7-73 

10 

20 

0.39 

0-83 

M3 

10 

20 

.5 '28 

11-82 

15-20 

10 

21 

2-81 

6-10 

7-75 

9 

21 

0-41 

0-89 

1-14 

9 

21 

5-53 

11-99 

13-24 

9 
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2*94 

6-19 

7-78 

8 

22 

0-43 

0-91 

1-14 

8 

22 

5-78 

12-16 

15-28 

S 

23 

3-07 

fi-27 

7-77 

7 

23 

0-45 

0-92 

1-14 

7 

23. 
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12-32 

15-32 

7' 

24 

3'19 

6-33 

7-79 

6 

2* 

0-47 

0-93 

1-14 

6 

24 

6-28 
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15-35 

6 

25 

3-32 
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5 
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0-49 
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1-15 

5 

25 

6-52 

12-64 

15.37 

5 

'26 

3-4* 

6-51 
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4 

26 

0-50 

0-95 

1-15 

4 

26 

6-76 

12-79 

1*39 

■4 

27 

3-56 

8-5  S 

7  83 

3 

27 

0-52 

0-96 

1-15 

3 

27 

7-01 

12-94 

15-41 

3 

28 

3-69 

6-86 

7.-B4 

2 

28 

0-54 

O-fl? 

1-15 

a 

28 

7-25 

13-09 

15-42 

2  . 

29 

3-81 

0-73 

7-B5 

1 

29 

0-58 

0-J9 

1-15 

1 

29 

7-48 

13  23 

15 -4.? 

1 

30 

3-93 

6-80 

7-85 

0 

30 

0-58 

1-00 

1-15 

0 

30 

7-71 

13-36 

15-43 

0 

" 
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^  _ 

+   - 

De- 
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-t-  ~ 

De. 

—  -I- 

-  -t- 

_  ^ 

De- 

5M1 

4-10 

3-9 

grees 

511 

4-10 

S-9 

gree, 

5-11 

4-10 

3-9 

?rees 

'  ThU  table  is  constructed  from  Dalcmbect's  ellipse,  whose 
•emi-axi's  are  Jj"  and  6-7";  half  their  sum  and  half  iheir 
diif.  are  7-85"  and  1'15",  as  in  the  following  formula. 
The  number  15  43",  in  the  2d  formula,  ia  =  6-7"  x  co- 
tangent of  the  ellipse's  obliquity.  If  the  semi-axel  be 
g-fiS"  andf  1",  the  formula;  will  give  the  nutation  as  in 
Dr.  Maakelyne's  Tables,  of  1776. 

TU  Uit  ^f  the  Tablet. 

The  n^t-asceosion  of  a  star  minut  the  mnon'i  mean 
longitude,  ^ves  the  argument  of  the  firat  of  these  three 
tables.  The  sum  of  the  same  two  quantities  gives  the  ar- 
gUDicnt  of  the  2d  table.  Then  the  sum  or  the  difference 
of  the  quantities  found  with  these  two  arguments,  will 
give  the  correction  to  be  applied  to  the  mean  declination 
of  the  >lar,  if  it  ia  north  declination  ;  but  if  it  is  southern, 
the  signs  +  or  —  are  to  be  changed  into  —  and  +, 

From  each  of  thusc  two  argument's  for  the  declination 
subtracting  3  signs,  or  90°,  gives  the  arguments  for  cor- 
rectinj;  (he  right-4scension ;  the  sum  or  difference  of  the 
quantities  found,  with  these  two  arguments,  in  tables  1 
and  2,  is  to  be  roultipiied  by  the  tangent  of  the  star's  do- 
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clination,  and  to  the  product  n  to  be  added  the  quantity 
taken  out  of  table  3,  the  argument  of  which  is  the  meaa 
longitude  of  the  moon's  ascending  node:  when  the  de- 
clination of  the  star  is  south,  the  tangent  will  be  negative. 
.  £rait^ie,  To  £nd  the  nutation  in  right-ascension  ^qiL 
declrn.  for  the  star  a  Aquils,  the  1st  of  July,  1788. 
Right-ascension  of  the  star  9"  25°  7' 
Long,  of  the  moon's  node       8     15    40 

Diff.  being  argument  1,      1       9    27 -f- 4'99 
Sum,  argument  2,    -  -      6     10    47  —  0-22 
Correction  of  the  declination    ...     -^  4-77 
The  above  two  arguments  being  each  diminished  by  A 
signs,  grve. 

Argument  I JO"  9'^  JT*  -  6  06 

Argument  8 --      8  10  47-*-  1-13 

-  4-93 

Declin.  of  star  north,  Itstangent-.  -  -   0146 

The  product, is  ----...    —    o-?* 

Long,  of  the  { 's  uode,  argum.  3    -  -    -^   I4'94 

Correction  of  right-^eceuioa     .-.-»-  14-32 
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In  general,  let  Q  denote  the  longitude  of  tbe  moon's 
ascending  node;  r  the  right- ascenaioD  of  a  star  or  planet ; 
d  its  declinatipn ;  tbe  nutation  in  decliDalion  and  Hght- 
ascension  will  be  expressed  by  the  two  following  formuUe ; 
viz,  tbe  nutation  in  declination 

=  7"-8S    X    sin.  (p  -  fl)  -1-   r'-lS  n  sin.  (r  +  O); 
and  the  nutation  in  right-ssceDuon 
=  p"-85    %    sin.  (r  -    O   -  90°)  +  I'lS    x   sin. 
(r  +  O  _  goO)]  X   tang,  d  -  15"-+3  x  sin.  8 . 


For  tbe  mathematical  investigatioD  of  the  efiects  of 
univenial  attraction,  in  producing  the  nutation,  &c,  see 
d'Alembert's  Rechercbes  sur  U  Precession  des  Equinoxes ; 
Silvabelle's  Treatise  on  the  Precession  of  the  Equinoxes 
&c,  in  the  Philoa.  Trans,  tm.  1754.,  pa.  385  ;  Walmesle/s 
treatiie  de  Pnecessione  Equinoctiorum  et  Axis  Terrae  Nu- 
tatione,  in  the  Phi los. Trans,  an.  1756,  pa.  700;  Simpson's 
Misceltatieous  Tracts,  pa.  1 ;  and  other  authors. 
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OBJ 

OBELISK,  a  kind  of  qoadrangular  pyramid,  very  tall 
and  slender,  raised  as  an  ornament  in  some  puUic 
place,  or  to  serve  as  a  nemorial  of  tome  remarkable 
transaction! 

OBJECT,  something  presented  to  the  mind,  by  senta- 
tion,  or  by  imagination  ;  or  something  that  affects  us  by 
its  presence,  that  affects  tie  eye,  ear,  or  some  other  uf 
the  oi^ans  of  sense. — The  objects  of  the  eye,  or  vision,  are 
painted  on  the  retina ;  though  not  there  erect,  but  in- 
verted, according  to  the  laws  of  optics.  This  is  easily 
shown  from  Descertes's  experiment,  of  laying  bare  iJie 
-vitreous  humour  on  the  back  part  of  the  eye,  and  putting 
overitabitof  white  paper,  or  tbe  skin  of  an  egg,  and  ttfeu 
placing  the  fore  part  of  the  eye  to  the  bole  of  a  darkened 
room.  By  this  means  there  is  obtuned  a  preUy  land- 
scape of  the  external  objects,  painted  invertedly  on  the 
back  of  the  eye.  In  this  case,  how  the  object*  thus 
painted  invertedly  should  be  seen  erect,  ia  matter  of  con- 
troversy. 

OmcT-Glast,  oi  a  telescope  or  microscope,  b  tie 
glass  placed  at  the  end  of  the  .tube  whick  is  next  or  to- 
wards the  object  to  be  viewed. 
^  To  prove  the  goodness  au4>  regularity  of  an  object- 
glass  :  describe  two  concentric  circles  on  a  piece  of  paper, 
the  one  having  its  diameter  tbe  same  with  tbe  breadth  of 
the  object-glass,  and  the  other  half  that  diameter;  divide 
the  smaller  circumference  into  6  equal  parts,  pricking  tbe 
points  of  division  through  with  a  fine  needle;  cover  one 
side  of  the  glass  with  this  paper,  and,  exposing  it  to  the 
sun,  receive  the  rays  through  these  6  holes  upon  a  plane ; 
then  by  moving  the  plane  nearer  to  or  fcrther  from  the 
glass,  it  will  be  found  whether  the  six  rays  unite  exactly 
together  at  any  distance  from  the  glass ;  if  they  do,  it  is  a 
proof  nf  tbe  regularity  and  just  form  of  the  glass;  and 
the  said  distance  is  also  its  focal  distance. — Another  way 
of  proving  the  accuracy  of  an  object-glass,  is  by  placing 
'  it  in  a  it) be,  and  trying  it  with  small  eye-glasses,  at  several 
distant  objects  ;  fur  that  object-glass  is  always  the  best, 
which  represents  objects  fhe  brigbtett  aad  moat  distinct, 
and  wliicb  bean  tbe  greatest  apertare,  and  the  most  con- 
tex  and  concave  eye-glasses,  without  colouring  or  haii- 
ness. 

A  circular  object-glass  is  said  to  be  truly  centred,  when 
the  centre  of  its  circumference  falls  exactly  in  the  axis  of 
tbe  gbus ;  and  to  be  ill  centred,  when  it  falls  out  rf  the 
axis.  To  prove  whether  object-glasses  be  well  centred, 
hold  tbe  glass  at  a  proper  distance  from  the  ey^  and  ob- 
serve tbe  two  reflected  images  uf  a  candle,  varying  the  dis- 
tance till  the  two  ima^ei -uaite,  wlucb  ii  the  true  centre 
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point:  then  if  this  fell  in  the  middle,  or  central  point  of 
the  glass,  it  is  a  proof  of  its  being  truly  centred. 

As  object-glasses  are  commonly  included  in  cells  that 
screw  upon  the  end  of  the  tube  of  a  telescope,  it  may  be 
proved  whether  they  be  well  centred,  by  filing  the  tube, 
and  observing  while  the  cell  is  unscrewed,  whether  the 
cross-liairs  keep  fixed  upon  the  same  lines  of  an  object 
seen  through  the  telescope. — For  various  methuds'of  find- 
ing the  true  centre  of  an  object-glass,  see  Smith's  Optics, 
bocAi  S,  chap.  3  ;  also  the  Philos.  Trans,  vol.  48,  pa.  177. 

OBJECTIVE  I.in(,  in  Perspective,' is  any  line  drawn 
on  the  geometrical  plane,  whose  representation  is  sought 
for  in  a  draught  or  picture. 

Objective  Plane,  in  Perspective,  is  any  plane  situated 
in  the  hfarisontal  plane,  whose  perspective  representation 

OBLATE,  flatted,  or  shortened;  as  an  oblate  spheroid, 
bavii^  its  axis  shorter  than  its  middle  diameter ;  being 
fonned  by  the  rotation  of  an  ellipse  about  the  shorter  axis. 

OBLATENESS,  of  the  earth,  the  flatness  about  tb« 
poles,  or  the  diminution  of  the  polar  axis  in  respect  of  the 
equatorial-  The  ratio  of  these  two  axrs  has  been  deter- 
mined in  various  ways  ;  sometimes  by  the  measures  of 
different  degren  of  latitude,  or  of  longitude,  and  some- 
times by  the  length  of  pendulums  vibrating  seconds  in  di^ 
ferent  latitudes,  &c  ;  the  results  of  ajl  which,  as  well  as 
accounts  of  the  means  of  dcterminJag  them,  sec  under  the 
articles  Eakth  and  Dgorex.  "To  what  is  there  said, 
may  be  added  tbe  following,  from  An  Account  of  the  Ex- 
periments made  in  Russia  concerning  tbe  Length  of  a  Pen- 
dulum  which  swings  Seconds,  by  Mr.  Krafit,  contained  in 
tbe  6th  and  7th  volumes  of  the  New  Petersburg  Trans- 
actions, for  the  years  1790  and  1793.  These  experiments 
were  made  at  different  times,  and  in  various  parts  of  th« 
Russian  empire  :  Mr.  Kraflt  has  collected  and  compared 
them,  with  a  view  to  investigate  tbe  consequences  that 
might  thence  be  deduced  ;  and  from  the  whole  he  con- 
cludes, that  the  length  p  of  a  pendulum,  which  swings  se- 
conds in  any  given  latitude  J,  and  in  a  temperature  ol^  10 
degrees  of  Reaumur's  thermometer,  may  be  determined  by 
tbe  following  equation,  in  lines  of  a  French  foot:  vis, 
p  =  439-178  ■*- 2  321  sine"/. 

This  expression  agrei'S,  very  nearly,  not  only  with  all 
the  experiments  made  on  tbe  pendulum  in  Russia,  but 
also  with  those  of  Mr.  Gruham,  and  those  of  Mr.-Lyons 
in  79°  50'  north  ktitude,  where  he  t'uund  its  length  to  be 
441'38  lines. — It  also  shows  the  augmcutaiiou  of  gravity 
from  the  equator  to  the  parallel  of  a  given  latitude  l :  for, 
putting  g  for  the  gravity  under  tbe  equator,  Cr  for  ibat 
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liTklsr  the  pol«,  and  ■  for  thai  under  llie  latitude  /;  Mr.  by  the  revolatian  of  thp  ilMfse  sbgut  iU  co^}4t|pitp  or 

Krafft  finds  c  =  (I  -<■  0-00i284S  tine"')   x  ^ ;  nod  con-  iborter  axis. 

SNtuently  G  31  (-0058848  g.  OBSCURA  Camera.     See  Caubra  (Xctm-a. 

FromthitproportionorgravityundarHitfcrentlutiludeSj         Obscura  Qara.     SeeCLAftA  Ofrtcxro. 
Mr.  Kafft  dedaces,  thai  on  the  hypolhesis  of  the  earth's         OBSERVATION,  in  Astronomy  and  Navigation,  U 

being  a  homogeneous  elbpaoid,  its  olMutenets  must  be  ^^  i  the  ajHervjr)^  with  an  instrument  some  celestial  phenoroe- 

iostead  of  rf«>  "'htch  ought  to  be  the  result  of  this  by [lo-  non  ;  as,  the  altitude  of  the  sun,  moon,  or^st&rs,  or  their 

thesis;  but  on  adopting  the  supposition  that  the  earl b  is  distances  asunder,  &c.     But  by  this  terra  the  seamen  com- 

a  heterogeneous  ellipsoid,  he  finds  its  oUatenrss,  as  de-  monly  oiean  only  the  taking  the  meridian  altitudes,  in 

dnced  from  these  experiments,  to  be  ^^ ;  which  agrees  order  to  find  the  latitude.    And  the  finding  the  latjiudd 

nearly  with  that  resulting  from  the  measurement  of  dc^rem  from  such  observed  altitude,  they  call  Working  au  Ob- 

«f  the  meiridian. — This  confirms  an  observation  of  M.  La-  servation. 

place,  that,  if  the  hypothesis  of  the  earth's  homt^eneity  be         OBSERVATORY^  a  place  destined  for  observing  the 

giren  up,  then  will  theory,  the  moaiurement  of  degrees  of  heavenly  bodies  ;  or  a  building,  usually  erectf  il  on  some 

latitude,  and  experiroents  with  the  pendulum,  all  agree  in  eminence,  for  making  astronomical  observations, 
their  result  with  respect  U>  the  oblateness  of  the  earth.  Most  nations,  at  almost  ail  times,  hav«  had  their  ob> 

OBLIQUE,  aslant,  indirect,  or  deviating  from  the  per-  servatoiies,  either  public  or  private  ones,  and  iti  various 

pendicular.     As,  degree*  of  perfection.     A  dacription  of  a  great  many  of 

Oblique  jjt^£r,  one  that  is  not  a  right  angle,  but  cither  them  may  be  seen  in  a  dissertation  of  Weidler's,  Dc  pra;- 

graafer  or  less  than  this,  being  either  obtuse  or  acute.  senti  Specularum  Astrunomicarum  Statu,  printed  in  1737', 

OBLiQUE-onglNf  'mangle,   that  whose  an^es  are  all  Kud  in  different  articles  of  hii  History  of  Astronomy, 

oblique,  printed  in  1741,  Vii,  pa.  86  &c ;  as  also  in  Latande's  As* 

Obliqite  Ataenaon,  is  that  point  of  the  equinoctial  tronomy,  the  preface  pa.34;  also  in  Batlly's  astronomi- 

whicb  rises  witb  the  centre  uf  the  sun,  or  star;  or  any  other  cal  work»,  and  eisewherel  ' 
point  of  the  heavens,  in  an  oblique  sphere.  As  navigation  essentially  depends  on  the  determinations 

Oblique  Grcle,  in  the  stereograph ic  projection,  is  any  made  in  observatories,  such  establishments  have  been  con- 

Gtrele  that  is  oblique  to  the  plane  of  projection.  (idered  of  great  national  impartance,  especially  in  mart- 

Oblique  Deiceiuion,  that  point  of  the  equinoctitd  time  states;  and  heiKe  they  have  been  liberally  endowed 

which  sets  with  the  centre  of  the  tun,  or '  star,  or  other  by  difierent  governments.  Even  private  observatoiies  ba*« 

point  of  the  heavens  in  an  oblique  sphere.  been,  in  many  places^  erected  at  considerable  expense; 

Obuqub  Direction,  that  which  is  not  perpendicular  to  the  number  of  which  has  been  greatly  increased   of  late  . 

a  line  or  plane.  years;  a  circumstance  which,  while  it  marks  the  pro- 

Obliqitb  force,  or  Percussion,  or  Power,  or  Stroke,  ii'  gross  of  science,  does  honour  to  the  age  in  which  we  live, 
t^t  made  in  a  dinectiun  oblique  to  a  body  or  plaike.    It  is        Fixao  observatories  are  those  where  instruments  are 

detnonitraied  that  the  cfiectofnuch  oblique  force  &c,  upon  fixed  in  the  meridian,  by  which,  with  the  aid  of  aslrono- 

the  bo*'y>  i*  to  an  equal  perpendicular  one,  as  the  sine  of  mica!  clocks,    the  right«*caniions   and    declinatioes  of 

^e  angle  of  incidence  is  to  radius.-  the  heavenly  bodies  are  determined;  and  motion,  time. 

Oblique  Line,  that  which  makes  an  oblique  angle  with  and  space  made  to  measure  each  other.     Such  buildings 

some  other  line.  and  apparatus  only  are  called  re^ar  observatories,  though 

OsLiqur.  Planet,  in  Diallii^  are  such  as,  recline  from  very  useful  operations  are  soinctimes  performed,  and  im- 

the  aenitb,  or  incline  towards  the  horiaon.  poriant  discoveries  made,  where  no  instruments  are  fixed. 

.  Obliqdb  ProJKiian,  it  that  where  a  body  is  projected  in  the  meridian. 

or  impelled  in  a  line  of  direction  tiiat  makes  an  oblique  Hittory  of  Qbitrvaioriei, 

angle  with  the  horiaontal  line.  All  nations,  where  aitronomy  has  been  cultivated,  boast 

Oblique  Saiiiag,  in  Navigation,  is  that  part  wbich  of  having  had  observatories  at  an  early  period ;  though 
includes  tfau  application  and  calculation  of  oblique* angled  ancient  Shtory  affords  but  tittle  information  on  the  .sub- 
triangles,  jcct.     It  was  not  indeed,  until  considerable  progress  had 

Oblique  Sphere,  in  Geography,  is  tliat  in  which  the  bean  made,  both  in  astronomy  and  tho  Inechanical  arts, 

axis  is  oblique  to  the  horiion  of  a  place. — In  this  sphere;  that  successful  attempts  were  made,  sither  in  constructing- 

the  equator  and  parallels  of  declination  cut  the  horiion  iiistrunWnti,  or  erecting  edifices  for  astionomica]  purposes, 

obliquely.     And  it  is  this  obliquity  that  occasions  the  in-  The  first  observatories  of  man  were  the  fields  or  hills,  and 

equality  of  days  and  nights,    and  the  variation  of  the  his  eyes  his  instruments ;  and  hit  progress  by  these  aids 

seasons.     See  Spiikre.  atone  was  attouithing.    The  instruments  of  undent  a^tro- 

OBLIQUHT,  that  which  denotes  a  thing  oblique,  nomen  were  very  large,  and  of  rude  construction ;  mostly 

pBLiQUiTY  ^  the  EcHptic,    is  the  angle  which  the  of  wood,  and  some  of  stone*    They  con«Eted  chiefiy  of    ' 

ecliptic  makes  with  the  equator.     See  Ecliptic.  gnomons,  dials,   and  aatrotabes  ;  -  aod   loug  tubes,  like 

OBLONG,  sometimes  means  any  figure  that  is  longer  telescopes,  were  used  tg  assist  the  sight.     For  the  same 

than  it  is  broad ;  but  more  properly  it  denotes  a  rectan^e,  purpose  deep  wells  were  also  sunk  in  dry  places,  from 

or  a  right-wngled  parallelogram,  whose  length  exceeds  its  ^he  bottom  nf  which  thettars  might  be  seen  iutbe  day-time, 

hieadth.  Most  buildingi  for  astronojmcal  observations  were  of  great 

OBtOKO,  is  also  used  for  die  qtiality  or  species'  of  a  altitude,  and  cbiedy .erected  in  very  high  situations, 
figure  tlial  is  longer  than  it  it  broad  :  as  an  oblong  sphe-         In  Cbaldsa,  a  country  celebrated  in  the  early  annals 

nud,  formed  by  an  ellipse  revolved  about  its  longer  or  of  attroDomy,    the  lofty  temple  of  Belui,  or  tower  of 

transverse  axis  ;  in  contradistinction  from  the  oblate  sphe-  Babet,  wai  used  at  an  obKrvatury,     And  in  Egypt,  tlw 

roid,  iir  that  which  is  flatted  at  its  poles,  being  generated  famous  tomb  of  Osymandias  was  applied  to  the  same  pur« 
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pvK.  Thij  bailding,  it  has  been  said,  conUined  a  golden 
or  gilded  circle,  for  ceksiial  observatinns,  which  was  365 
cubits  in  circumference,  and  one  cubic  in  thickness. 

Ttje  pyramids  of  Egypt  have  also  been  supposed  in- 
tended fur  observatories;  and  in  support  of  tliis  opiniun 
it  is  argued,  that  they  were  built  to  face  the  four  cardinal 
points.     The  great  height  «f  (dese  pyramids  is  to  be  i 


an  azimuthal  horizon ;  also  a  celestial  globe,  an  armillaiy 
zodiacal  sphere,  each  6  feel  diameter. 

It  is  said  that  Copernicus,  in  1540,  was  the  lirsl  Euro- 
pean who  set  an  instrument  in  the  meridian.  But  it  is 
stated  by  Weidler,  Bailly,  and  Cvstard,  thai  the  first  re- 
gular observatory  in  Europe  was  erected  at  CiLssel  in  1561, 
by  Williani,  landgrave  of  Hesse,  who  furnished  it  \ 


lavourable  for  celestial  observations,  whether  they  be  used  the  best  iostruments  the  age  could  afford;  and  where  it 
as  gnomons,  or  for  the  purposes  of  astrology,  a  fi^vourite  is  said  he  made  very  accuratt^  observations,  in  concert 
study  in  those  times,  and  which  chiefly  required  an  ac-  with  his  friend  and  correspondent,  Tyciio  Brah£,  who 
curate  view    of   the   rising  and  setting  of  stars.     It  is     was  then  rising  into  great  fame. 

indeed  certain  that  practical  astronomy  was  much  im-  The  next  observatory  in  Europ«,  that  deserves  parti* 
.proved  in  Egypt,  particularly  in  the  famous  school  of  cular  notice,  was  (hat  of  Tycho  B  rah  e  himself,  which  it 
Alexandria,  where  an  observatory  was  bnilt  300  y<-ars  seems  owed  its  origin  to  a  very  extraordinary  cause,  the 
before  the  Christian  era,  and  continued  for  more  than  five  appearanceof  anew  star  of  the  first  magnitude,  in  thecon- 
ceiittjries  underasuccession  of  celebrated  names,  such  as     stellation  Cassiojieia.'    It  was  leefi  by  different  astrono- 

mers  about  the  10th  Not.  1573,  when  it  seemed  tg  break 

forth  instantaneously,  which  added  to  the  great  aslouish- 

ally  prevailed  on  the  eccusiun.    It  was 


Aristellus,  Hipparchus,  Ptolemy,  &i 

The  Chinese  and  Genloo  nations  appear  to  have  tnade 
a  very  early  progress,  both  in  the  theory  and  practice  of 
astronomy.     Those  people  have  traditions  and  vestiges  of    brighter  than  Jupiter 


t  observatories,  on  which  ingenioiis  disqu 
may  be  seen  in  Bailly's  History  of  Ancient  Astronomy, 
and  in  the,  Asiatic  Researches,  by  Sir  Wm.  Jones,  by 
Messrs.  Hunter,  Bentley,Colcbrooke,  Sir  Robert  Barker, 
and  others. 

The  Hindu  institutions,  five  in  nambcr«  were  con- 
itrucied  nearly  at  the  same  penod,  about  250  years  ago. 
They  were  built  by  order  of  the  emperor  Maboramed 
Shah,  with  a  view  to  reform  the  calendar  by 


an  St  to  the  earth, 


visible  to  the  naked  eye 
short  time  it  gradually  declined,  and  in  l6  months  colally 
disappeared.  Tycho  Brah6  was  so  impressed  with  this 
phenomenon,  that  he  formed  the  reiolittxm  of  making 
a  new  and  accurate  catalogue  of  all  the  stars,  as  there  had 
been  nothing  of  the  kind  regularly  performed  since  the 
days  of  Hipparchus,  who,  it  is  remarkable,  had  t>een  sti- 
mulated to  the  like  undertaking  by  a  similar  cause,  that 
by  the  sudden  appearance  and  disappearance  of  a  near 


astronomical  observations;  aitd  he  chose  for  his  chief  star, 

astronomer  Jeysing,  or  Jayatinha,  the  rajah  of  Ambhere.  For  this  purpose,  Tycho  Brah6  first  proposed  to  settle 

These  observatories  were  built  at  Delhi,  Benares,  Matra,  «t  Basle,  which  afforded  at  once  a  pure  atmosphere,  and 

Oujcin,  and  Suvai  Jeypoor,  and  all  under  the  direction  a  ready  communication  with  the  Irarned  men  of  Germany, 

of  Jeysing.     The  observatory  at  Benares  may  be  seen  mi-  Italy,  and  France.     But  the  landgrave  of  Hesse  wrote  to 

nutelydescribed,  by  SirRob.  Barker,  in  the  Fhilos.  Trans.  Frederick  the  2nd,  king  of  Denmark,  entreating  him  to 

Ibr  1777,  where  he  has  given  several  plates  of  views,  both  encourage  the  asironomer'to  remain  in  his  own  country, 

of  the  buildings  end  instruments.     And  as  all  the  other  In  consequence  the  king  assigned  to  him  the  small  but 

observatories  were  built^nd  furnished  nearly  on  the  same  fruitful  island   Huen,'or  Heven,  in  the  Sound,  as  a  fit 

plan,  his  description  may  be  deemed  sufficient  for  the  situation  for  an  observatory,  and  conferred  on  him  also 

whole.     The  instruments  are  quad^nts  and  guomons  of  other  princely  grants  and  immunities  ;  his  majesty  besides 

--   enormous  size,  built  of  stone,  of  most  excellent  masonry  undertook  to  defray  the  charge  of  building  and  furnishing 

and  construction,  and  very  accurately  divided  and  cut,  the  observatory  there,  without  auy  limitation  of  expense  ; 

into  90  degrees  and  other  subdivisions.    The  quadrants  a  munificence  which  has  immortalized  his  name.  The  first 

are  of  different  sizes,  some  as  much  as  fiO  feet  radius,  stone  of  the  observatory  was  laid  the  8tb  of  August  1576, 

The  account  of  the  Benares  observatory  is  furthur  illus-  and  the  place  was  called  Uranlbourg,  or  the  Heavenly 

trated  by  Wm.  Hunter,  esq.'in  a  very  elaborate  article  in  City,     It  was  a  bailding  offiO  feet  square,  and  70  feet  in 

theAsiatic  Researches,  vol,  5;  in  which  he  gives  a  full  height,  with  four  towers,  all  contrived'  for  astronomical 

andparticular  description  of  the  other  four  Hindu  obser-  purposes.     It  was  furnished  with  a  noble  collection  of  in- 

ratories.                                                                                 _  strumenis,  many  of  them  invented    by  the   astronomer 

AtPckin,  in  China,  an  impciial  observatory  was  built  himself.    He  had  numerous  assistants,  whom  he  supported 

in  the   13th  century,  on  the  city  walls.     And  in  l66g,  and  instructed.     Among  his  instruments  was  a  celestial 

father  Verbicst,  a  missionary  Jesuit,  having  been  made  globe,  of  6  fett  diameter,  said  to  have  cost  lOOC     It 

president  of  the  tribunal  of  the  mathematics  there,  and  was  after  his  death  carried  to  Prague ;  next  to  Neis,  and 

chief  observer,  obtained  permission,  from  the  emperor  lastly  to  Copenhagen,  where  it  was  burnt  in  the  great  con- 

Cam-hi,' to  Furnish   it  with  instruments,  a  catalogue  of  flagration    which    happened    there  in, 1738.     Many*  of 

which  may  be  seen  in  Duhalde's  Description  of  China.  the  instruments  of  this  great  astronomer  were  long  pre- 

,Oihcr  observatoHes  were  afterwards  built  in  China  by  served,  but  have  been  gradually  lust  i  and  his  favourite 

the   French  missionaries,  and  by  the  Fonuguese  Jesuits,  city  Uranibuui^  which,  in  liis  time,  was  visited  by  kings 

who  very  much  distinguished  themselves  by  their  improve-  '  'and  princes,  has  been  long  a  heap  of  ruins,  though  occa- 

ments  in  Bstronom;^.    The  inatrumepts  of  the  Pekin  ob- .  sion":tlly  visited  ty  the  learned.     His  celebrated  sextant 

'  tervatory  are  described  as  very  large;  but  the  divisions  has  been  consecrated  in  the  heavens  as   a  constellation, 

less  accurate,  and  the  contrivance  less  commodious,  than  under  the  breast  of  the  Lion :  on  large  globes  and  atlases 

the  instruments  made  at  that  period  in  Europe.  The  chief  it  is  marked  Sextant  Uraaiaf  but  -ou  common  ones  only 

'wer?,  a  sextant  S  fi»t  radius,  a  quadnnt  0  feet  radius,  Sextims. 
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V/c  shall  now  proccec)  to  notice  some  obserratoTiet  of  a 
more  modem  date,  beginning  with  those  of  France, 
French  ObKnalorUa. 
The  Royal,  or  now  Imperial,  Observatpry  of  Paris,  nes 
built  in  1667.  Itisl60feetinfrunthy  130feetinbrvadtb, 
and  90  feet  high.  Its  vaults  arc  90  feet  deep;  to  that  it 
1^180  feet  from  top  to  bottom.  A  particular  description 
of  the  building  is  given  by  Blondel,  and  the  nrrango- 
ment  and  disposition  of  the  instruments  in  BejnouHi'g 
Lctlros  Astronomiques,  also  in  Lalande's  Astronomie, 
and  in  Monnicr's  Histoire  Celeste. 

Besides  the  above  building,  new  rooms  have  been  con- 
stTUcied,  dose  by  the  side-  of  the  obsen'atory,  nihere  a 
large  transit  instrument  and  circle,  by  Ramsdcn,  have 
been  set  up.  In  178S  new  vaults  were  made,  and  also  a 
small  observatory  erected  on  the  top  of  tbe  building, 
which  Loramands  an  extensive  view  of  the  horizon;  and 
the  king(L>oui3  the  l6tli}  eatublisbed  three  obaerven  here, 
that  tiie  course  ofobscrvatiuns  might  as  little  as  possible  be 
interrupted. 

The  following  account  of  other  observatories  at  Paris, 
given  byLelandein  1793,  is  worthy  of  notice  here,  as  in- 
teri'sting  in  the  hrstory  of  practical  astronomy, 
.  The  astronomers  of  the  Academy  had  besides  several 
private  observaiories  erected  in  ilitferent  parts  of  Paris,  as 
the  royal  observatory  was  not  sufhcient  fur  all.  That  of 
Monnier  has  been,  from  the  year  174^,  in  the  garden  of 
the  Capuchins.  That  of  the  Marine,  which  Joseph  de  I'lsle 
used  in  17+8  at  the  Hotel  de  Clugny,  occupied  by  M. 
Messier.  That  of  LACaille  still  exists  in  the  Mazarin-col- 
legc.  That  of  the  palace  of  Luxembourg  is  above  the 
Port  Hoyai.  Joseph  de  Lisle  observed  there,  and  Lalanda 
likewise  occupied  it  for  some  time,  TTiat  of  M.  Pingre 
at  tbe  abbey  of  St.  Gen6vi6v«  was  bailt  in  1 756.  There 
is  one  of  Cagnoli's  rue  de  Richltcu,  which  this  able  as- 
tronomer built  at  bis  own  expense  in  1785,  when  be  still 
resiiled  at  Paris. 

The  observatory  of  the  military  school,  built  for  M. 
Jeaurat  in  1768,was  occupied  afterwards  by  M.d'Agelet. 
I'lic  late  M.  Bi'rgeret,  receiver- general  of  6flances,  con- 
structed in  1774  a  large  mural  quadrant  of  8  English  feet 
radius,  the  last  and  the  best  instrument  made  by  the  cele- 
brated Bird.  This  instrument  was  obtained  by  the  Bili* 
tary  academy,  as  well  as  an  excellent  transit  instrument, 
and  a  parallactic  telescope.  .  M.  d'Agelet  made  a  great 
numbcrof observations  therefrom  1778  to  1783,  when  he 
left  it  to  make  a  voyage  round  the  world  with  La  Perouse. 
In  1788,  the  changes  made  in- the  military  school  occa- 
sioned the  demulition  of  this  observatory ;  but  it  has  been 
rebuilt,  a  little  more  to  the  west,  with  all  necessary  atten- 
tion and  expense, so  that  it  is  tlie  must  complete  observa- 
tory Mt  Paris.  Lalande,  having  received  the  direction  of 
it,  licgan  in  1789  to  make  a  series  of  observations, 
M.  le  Francois  Lalande,  his  relation  and  pupil,  has  also 
made  a  prodigious  number  of  observations ;  and  they  ob< 
served,  in  lYpi,  more  than  ten  thousand  trarihem  stars, 
with  e.vcellent  instruments.  An  observatory  was  built  in 
1775,  at  the  Royal-college,  for  the  use  of  the  professor 
of  astronomy  of-  this  celebrated  school,  M.  Geoffroy 
d'Assy  bnilt,  in  1788,  an  observatory  at  his  house,  rue  de 
Paradis,  which  was  used  by  M,  Delambre. 

Such  was  the  state  of  observatories  at  Paris  in  I7d3' 
At  present  (1813)  Delambrv  is  the  chief  of  tbe  imperial 
university-  Messier  and  Biot  succeeded  him  at  the  Royal* 
college,  now  the  College  de  France.'  Burckhardt  is  astro- 
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nomer  at  the'  military  school ;  Lefran^ois  Lalande  rcsidn 
at  the  Place  de  Carobray;  and  Bouvard  superintends  the 
imperial  observatory,  assisted  by  Aragou. 

It  may  be  noticed  here,  that  the  famous  mural  qua- 
draat,  with  which  Lalande  end  his  relation  determined  the 
position  of  a  great  number  of  stars,  as  above-mentioned, 
has  been  consecrated  in  the  heavens  as  a  constellatiim,  and 
is  placed  between  Hercules,  the  Serpent,  and  Bootes.  It 
is  marked  Quadrans  Uuralis,  and  contains  40  stars. 

The  following  were  the  other  observatories  established 
in  different  parts  of  France,  as  stated  by  lalande. 

The  MaricitUi  observatoiy,  which  has  been  rendered 
famous  by  the  observations  of  Sylvabelle. 

At  ThuiouK,  the  obser^-aiory  of  M.  Darqutcr  has  beea 
made  sacred  by  the  seal  and  abilities  of  this  learned  man. 
Observatories  iiave  also  been  built  in  the  samecity  by  M. 
C^ripuy  and  M.  Bonrepog.  Here  astronomy  has  been 
more  successfully  cultivated  than  in  any  other  provincial 
-  city  in  France-  The  principal  observatory  is  at  present 
(1813)  under  th?  superintendence  of  M.Vidal. 

At  Iffont,  the  College  observatory,  which  was  built  by 
fether  St-  Bonnet,  is  a  very  fine  edifice,  on  an  elevated 
situation. 

AtDijon,  M,  Necker, about  the  year  1780,conver(ed 
the  tower  of  the  king's  lodge  to  an  observatory,  and  the 
abb^  Bertrand  has  made  very  accurate  observations 
there. 

At  MonlftlKer  there  has  long  been  an  observatory 
erected  on  one  of  the  towen  of  the  city  ;  where  M.  Ratto 
and  Poitevio  have  distinguished  themselves  as  able  astro- 
Domers. 

At  Beeiirt,  the  bishop's  tower  was  converted  to  an  ob- 
servatory, where  soine  interesting  observations  have  beep 
made  by  M,  Bouillet,  particularly  on  S&turn's  rjng. 

At  Avignon,  an  observatoiy  was  built  by  father  Bonfa 
soearly  as  l683;  and  it  has  been  since  occupied  by  a 
succession  of  learned  ecclesiastics,  who  have  distinguished 
themselves  in  practical  utronomy. 

At  Sirtuburg,  Bracken  ho  ffer,  professor  of '  mathematics, 
had  an  observatory  over  the  gates  of  the  city,  and  be  has 
been  succeeded  by  Herienschneidcr  in  1790. 

At  Bavdeaax  is  an  observatory  Ji  feet  high,  and  90 
feet  square.  It  is  situated  in  the  finest  part  of  Touroay, 
in  latitude  45°.  Here  M.  Turgot  procured  a  complete  set 
of  observations  to  be  made  on  the  length  of  a  pendulum 
vibrating  seconds ;  upon  tthich  father  Buscovich  has  made 
an  interesting  memoir. 

At  Brttt  a  small  ob^rvatory  wbs  built  for  tbe  naval  aca- 
demy, and  plans  have  been  set  on  foot  for  erecting  a  more 
considerable  edifice. 

At  Amkh  there  is  an  observatory  belonging  to  M.  Bouin, 
in  which  he  has  made  many  good  observations. 

At  Montaubmi  the  due  de  la  Chapelle  founded  an  ob- 
servatory, where  he  himself  has  made  many  accurate  and 
interesting  observations,  particularly  of  the  transit  of  Venus 
over  the  sun  ia  1769- 

Gemat  Obienmtoriet. 
In  Germany  a  great  number  of  observatories  have  been 
established,  and  that  country  has  produced  also  several 
very  able  astronomers. 

At  Berlin,  Frederic  tbe  1st,  king  of  Prussia,  founded  an 
observatory  in  1711,  under  the  direction  of  Lc^bnit2,.who 
was  president  of  the  Academy  of  Sciences  there.  It  is  a 
large  square  lower,  very  steady.  Here  Griscboiv  and 
Kies  made  various  observations :  and  Xjilaude  also  ob- 
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ifirr^A  fcero  abnut  the  year  1733,  vherb,  he  9«y>,  ho  Gausi,  well  knAim  by  his  determination  ot  tbsorbiU  of 

ntised  cnormousk  pillars,  to  which  be  ait&ched  tbe  mun^l  the  ne^  pJlaneis,  and  other  important  labours. 

<|ua<lrants,  north  add  aoiUh.     (K^moires  de  I'Acivlemie,  In  Hungary  there  are  Dbservatories  at  Buda,  Tyrnau, 

\7 im,a^  \7 1%.)    KingFrt'dericihi;  3d  added  a  wry  luie  and  Eriau.  Similar  efita,bli^hments  arc  also  at  Gfvi^iuiaAfe 

building  to  it,  where  tbe  Academy  ai'  Sciences  of  Pr iuiimi  in  Pumtrania,  and  at  MiUau  m  ,CourlaJid. 

tas  beld  its  ^ssembljes.     &I.  Botle  has  been  many  years  In  Poland  there  is  an  observatory  at  Orucoa,  and  an- 

lite  aatroooioer-royal  tbcic,  and  hnt  distknguiibed  biinaeU  otber  ^t  Wilnrt:  the  latter  was  builcaod  ricbly  endowedl 

both  as  aa  Bocurue  observer,  and  as  the  publisher  of  the  by  the  couineu  Puzytiina,  a  lady  of  fine  genius  as  well  aa 

niostci>niplciec(lettiaiatlaAexiaiit,enti,tledUranugrapbw,  li^rsjity.     It  was  finished  in  17^3.  and  the  iustruments 

which  is  ac^'o'Dpapied  withawell  arranged  calalugiiq  of  rvitb  which  itis  furnished  were  of*great  variety  and  value. 

the  stars,  and  an  inlereatiBg  history  of  the  coiutelUiiont.  In  17GS  the  king  of  Poland,  by  leitecs  patent, 'gave  it  the 

At  fi^ionw.theeoipKSS  Maria  Theresa  built  an  obierya-  tiile  of  Ruyal  observatory,  and  appointed  the  leained  Jesuit 

tory  in  the  year  17i5  for  the  university,  and  furnished  it  Pocsohut  astro  no  met- royal,  who,  in  17S3,  added  another 

with  HUtfiy  superb  instruinents.     There  is  alact  one  he-  obiiervativy,  whicli  he  t'uroished  with  new  insituuenti, 

IwBguig  tv  the  academical  coll^,  which  was  buiit  and  chiefly  made  by  Ramsden. 

«Bdowed  by  the  Jeiuits  Ju  17SS,  and  it  is  also  furnished  lu  Sweden  observatories  have  been  built  at  Stockholm 

withveiry  fine  instrumcats,  chiefly  made  by  English  artists,  and  Upsah  that  at  Stockholm  w'as  founded  in  1746,  by 

and  a  succeeaioD  of  very  learned  men  hav6  observed  there,  the  Academy  of  Sciences.     In  1753,  Wargentin  was  ap- 

, .The  reputaliuu  of  tbe  university  observatory  was  aiaiu tain-  pointed  astronomer  to  it,  and  in   176^  be  was  succeeded 

ed  for  many  years  by  tbe  abbe  IVIaximilian  Hell,  whn  con-  byNicander.    This  observatory  is  situated  on  a  hilt  north 

dttcted  tbe  Vii-nna  Ephcmeris,  and  the  work  is  now  cun-  of  the  town,  and  contnins  a  good  collection,  of  itutru- 

liiiHcd  by  M.  Treisiiecktr,  his  succeesor.  roentii,  all  made  by  English  artitits. 

At  troitingcn  there  is  an  observatory  memorable  by  the  The  observatory  at  Ujaal  was  built  and  endowed  in 

kbourft  of  Tobias  Mayer,  and  by  those  more  recently  of  1739  by  the  king  of  Sweden  :  it  was  first  superintended  by 

Hardily,  who  discovered  the  planet  Juno  in  l&04i.  ^e  celebrated  Celsius,  who  has  bveu  followed  by  a  succ&i- 

At  Nupai^erg  an  observatory  was  built  so  early  as  the  sioii  of  able  astronomers,  particularly  Hooker  and  Wargeu- 

.  year  l678,  and  another  in  1692.     M.  Zimmort  and  M,  tin.     The  latter  is  well  known  as  the  author  of  the  tables 

Wuuelbau  have  disttnguishad  themselves  here  both  as  of  Jupiter's  satellites. 

able  authors  and  accurate  observers.  At  Dantzic  there  was  an  old  observatory,  celebrated  as 
AtCiufefaDobservatory  wasbuilt,inl7I*,byChaTlesi,  having  been  used  by  Hevelius,  who  has  given  a  full  de- 
landgrave  of  Hesse,  heir  to  the  territories  and  taste  of  tbe  scription  of  it  in  his  work,  entitled  Machina  Ccelestis.  A 
celebrated  William,  the  early  friend  and  fellow-labourer  of  newobservatorywaa  also  built  in  that  city  in  the  year  1778, 
Tycho  Brah^.  which  is  at-preseot  superintended  by  Dr.  Wolff- 

In  1740  an  observatory  was  built  at  Grit'sen ;  and  in  At  CapaJtagm  the    famous  astronomical   tower   waa 

176s  St  Ourtsbourg,  in  Franconia.     In   17&S  one  was  finishad  in  \ti56.  It  was  built  by  King  Christian  iv,  at  the 

built  at  Leipsic,  on  an  old  tower  of  groat  firmness.     Ob.  jncomneodatipn  of  Longomontanus,  and  has  been    for 

aervatorics  have  been  also  erected  and  supported  with  great  raajiy  years  under  the  managemeni  of  Mr.  Buggc,  who  is 

credit  at  Manbeim,  Cremsmunster,  Lambach,  Polling,  celebrated  at  a  very  able  antroaomer.     In  his  collection 

Prague,  and  Gratz.                                                                -  of  observatories,  ha  states  that  the  kings  of  Denmark  had 

At  BroMn  there  is  an  observatory  belopgii^  to  Dr.  .eatablitbed  observatories  in  Norwayj  Iceland,  and  Green> ' 

Olbers,  an  eminent  physician,  who  has  rendered  bis  name  laud. 

immortal  by  the  discovery  of  the  twu  new  planets,  Pallas  la  HoUaiui  attention  was  paid  to  practical  astronomy 

and  Vesta.  while  it  waa  a  maritime  state;  but  the  science  has  of  lata 

At  LilittUhal,  near  Bremen,  M.  Scbroeter,  governor  of  been  much  neglected.  In  1 69O  an  observatory  was  erected 

tha  district,  erected  an  observatory  about  the  year  17S6,  on  the  college  of  the  university;  and  at  Utrecht  an  any 

and  furnished  it  with  excellent  instruments.     He  it  highly  cient  tower  was,  in  1736,  converted  into  au  observatory, 

celebrated  as  an  accurate  and  interesting  ofaaetrver,  partit  Here   the  celebrated  Van  Musscbenbroek  observed  for 

cularly  of  tbe  surfaces  and  rotations  of  the  planets  and  the  many,  years  with  great  accuracy,  and  he  was  succeeded  by 

moon.   -  He  approaches  nearer  than  any  other  as^QAuei  M.  Hennert. 

to  Dr.  Herscbel  in  telescopic  discoveries.           ,  la^xuaobtervatoriesh^vc  been  builtat  Cadis, Mad rid^ 

At  Sceberg,  oear  Gotha,  a  conuderable  oWnatoiy  was  Seville,  and  Carthagena.    Tbe  observations  made  at  Cadis 

built,  in  the  year  17t48(  by  the  duka  of  Saxe  Gotba^and  (at  tbe  Marine  academy)  by  MigueKand  Varilla,  have 

he  appointed  M.  Zach,  now  baron  Zach,  tbe  luperinteod-  been  published  in  two  volumes,  which  also  contain  a  cata- 

ant,  who  bas  highly  diitinguisbad  himself  as  a  profound  It^uepf  the  instrutnents  of  the  observatory,  chiefly  conr 

and  accurate  astronomer.    In  17^  he  was  visited  byLa>  structed  by  French  artists;  and  hence  the  obteivatories  of 

lande,  when,  according  to  Voiron  (Histoiire  do  I'Astso-  Spun  dlfiter  very  lijtle  from  those  of  France.     Of  late 

nomie,  pa.  S69),  all  the  great  astronomers  of  Germany  yoars,  however,  English  instruments  have  been  introduced 

net  at  Gotha,  to  see  the  patriarch  of  astronomy,  and  to  there.                                         ^ 

pay  him  their  homage.     This  obiervatory  is  reokoned  oim  At  Lm^ok,  in  1728,  King  John  the£th  bad  an  obterva- 

of  the  most  beautiful  and  complete  in  Euro^;  it  is  sjlur  tory  erected  at  his  palace,  which  was  wellifumished,  and 

ated  on  a  fine  elevation,  about  a  league  from  the  town,  accurate  observatioiu  have  been  made  there  by  the  Je- 

There  is  here  a  large  transit,  with  two  murals  of  8  feet  tuiti,  who  alio  erected  an  observatory  at  their  own  col- 

'    ndius,aadacIrcleof  8feetdiaroelat,aUby  Kamsden  and  lege  of  St.  Anthony,  when,  father  Carbon,  in  1726,  made 

his  successor  Berge.  good  observations  on  the  satellites  of  Jupiter.     See  PhiL 

.At  BniMttick  there  it  an  observatory  beluo^ng  to  Dr.  Trani.  vol.  3i,  pa.  408. 
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In  1787,  ft  royal  observatorjr  waa  constructed  at  the  FaoigaijUid  a  small  one  near  the  town  byM.Hiotii.  'On* 

Chateau  de  St.  Geu^e,  in  Lisbon,  which  was  inperintended  was  also  built  at  Parma  by  father  Belgrado,  and  another 

-    by  M.  Custodio  Gomea.     There  ii  also  oae  at  Oenmhra,  at  Brexia  by  father  Cavalli, 

which  contains  a  line  ei^uatoml  by  Troughton.  At  VtTona,  Cagnoli,  eminent  both  as  a  malhematician 

At  Pelenburg  an  observatory  was  built,  iiT  1735,  by  tfa«  and  astronomer,  erected  an  oWrvmtory  at  his  own  ex- 

ccar  Peter,  who  ihovred  great  leal  for  science  in  general,  pense,  in  1787,  and  placed  in  it  the  best  instruments,  wiUi 

and  particularly  for  astronomy.    Wlien  lie  was  in  Eng~  which  he  has  made  very  accurate  and  important  obierva- 

land,  some  years  before  th^t  period,  be  visited  the  Royal  tions,  particularly  on  the  precession  of  the  equinoxes,  and 

Observatory  at  Greenwich,  where  he  examined  both  tbe  on  the  places  of  473  northern  stars,  and  86  southern,  of 

building  and  tbe  instruments  with  very  great  attention,  which  he  has  made  a  catalugue.     In  thcje  determinations 

The  observatory  which  he  aiterwards  built  is  one  of  the  he  has  been  perhaps  more  attentive  than  any  other  aetro> 

roust  magnificent  in  Europe.  _  It  is  130  feet  high,  with  noiner  to  the  minute  changes  of  refraction,  and  to  the 

three  stories,  all  fit  fur  astronomical  purposes.     M.  De-  aberration  of  light. 

lisle  has  made,  according  to  Lalande,  a  great  number  of  At  Padua  there  is  an  observatory,  which  in  1778  waa 

excellent  observations  here,  which  are  preserved  in  manu-  furnished  with  instrtiments,  chiefly  made  by.  Bamsden.     It 

script  in  the  marine  depAt.  has  been  many  years  under  the  direction  of  M.  Towldo, 

At  MoKva  an  observatory  was  built  a  few  years  ago,  who  has  published  several  useful  works,  especially  a  trea- 

and  furnished  with  some  excellent  Engliuh  instruments,  tise  on  meteorology,  which  gained  him  the  prise  at  th« 

chiefly  by  Gary ;  but  it  is  probable  that  they  have  been  academy  of  Montpellier. 

destroyed  in  fbe  late  conflagration  of  that  city.  In  some  ofthe  isUnds  of  the  Mediterranean  observa- 

In  haly,  practical  astronomy  has  been  cultivated  with  lories  have  also  been  established.     Wq  shall,  however,  no* 

much  assiduity  and  success  during  the  last  century,  chiefly  tice  only  those  of  Malta  and  Sicily. 

by  ecclesiaslicf,  and  particularly  by  the  Jesuits.  In  1783,  the  grand-master  Emmanuel  de  Rohan,  aa 

At  Rmne,  cardinal  Zclada  constructed,  at  his  own  ex-  amateur  and  enlighteoerl  protector  of  science,  invited  to 
pense,  on  the  southern  part  of  the  Roman  college,  a  very  Malta  chevalier  d'Angos,  a  skilful  astronomer,  who  Con- 
fine obiter  vatory,  with  the  large  sector  of  father  Boscovich,  verted  a  tower  of  the  palace  into  an  obvervotory,  which 
and  other  instruments  by  Ramsdcn  and  Dollond.  The  was  furnished  witb  the  finest  instruments  that  could  btt 
«bbe  CaLandrcUi  observed  here  with  great  attention  nai  procured.  In  a  few  years  he  made  a  great  number  of  vti- 
accuracy  for  many  years.  Other  buildings  of  a  similar  luable  observations,  which  he  iatended  to  publish,  but  is 
description  have  been  erected  in  different  parts  of  Rame.  March  1789,  the  observatory  having  caught  ire,  the  in- 

At  JSo/cggna  a  magnificent  observatory  was  built  in  1714^  st ru men ts  were  broken,  and  the  papers  burnt,  a  aenova 
in  the  palace  of  the  Institute,  by  the  munificence  of  the  loss  to  astrcmomy,  particularly  as  this  was  the  most  south- 
celebrated  count  Miirsigli;  and  pope  Benedict  14  gave  era  observatoryof  Kurope,in  latitiide36'°, 
afterwards  a  large  sum  of  money  towards  the  purchase  of  At  Palermo  an  observatory  was  constructed  in  the  p«- 
instruments.     Here  a  succession  of  able  astronomers  have  lace  of  the  viceroy,  under  the  direction  of  father  Piaa 


obsorved,  among  whom  may  be  mentioned  Manfredi,  Za-  who  .went  to  Paris  in  1787  to  study  astronomy,  Md  who 

fiotti,  Caatersani,  &c.  afterwards  \isited  Engtaad,  in  order  to  consult  the  pris- 

At  Pua  the  observatory  is  in  the  form  of  a  tower.  It  'cipalartistson  the  construction  of  inMrements.  In  178^ 
was  built  in  1730,  at  the  ejC^nse  of  the  university,  and  he  returned  toPalermo,  and  added  to  the  apparatHs  a  fino 
supplied  with  superb  apparatus  made  by  Sisson,  Short,  transit  instrument,  and  a  complete  circle,  made  by  Rams- 
Graham,  Sic,  Perelli  observed  hare  for  many  years,  and  den.  His  first  labours  were  directed  to  tbe  formttioa'  of 
had  for  a  successor  M.  Slope,  who  published  an  excellent  a  correct  catalogue  of  stars,  end,  as  a  foundation,  he  c4«te 
collection  of  observations  in  1789-  WoDastoo's  catalogue,  and  particularly,  u  1ms  chief  points 

At  iUi'/on  there  is  an  observatory,  which  is  reckoned  one  of  reference.  Dr.  ftlaskelyne's  36  stars.     The  positions  o( 

of  the  most  useful  in  Italy.     It  waa  built  in  176*5,  at  th«  some  of  the  larger  stars  be  virrifiod  by  nearly  a  hundred 

cost  ofthe  college  of  the  Jesuits,  chiefly  through  the  zeal  obaervations,  and  in  the  prosecution  ef  tbi«tesk,  in  1801, 

of  fitther  Pallaviciai,  and  under  tbe  direction  of  father  he  discovered  a  new  planri,  which  he  named  Cems,  ta  h»> 

Boscovich,  who  alfo  contributed  liberally  to  tbe  expense,  nour  of  Sicily,  as  th»t  island  was,  on  account  of  its  ferti^ 

The  instruments  have  been  made  with  great  care  by  tbe  lity,  ancieatly  consecrated  to  the  goddess  Ceres.     TWs 

principal  French  and  English  artists.  Among  the  observers  discovery  was  the  more  important,  as  it  excited  the  curto- 

nay  be  also  mentioned  Reggio,  Oriani,  and  Cesaris.  sity  Mid  reaeart^  of  other  astronomers,  by  whiob  thre« 

AtF/ormce, father  Ximenes  erected  an  observatory  at  auwe  planets  have  been  since  discovered, 

the  college  of  Jesuits,  which  contains  a  quadrant  by  Tos*  &igliih  Oitenatonn. 

canelU,  larger  than  any  other  known,  with  which  be  made  '    The  Greamieh  '06iern»rjh  or  the  R«yal  ObsetvMorjr 

observations  to  prove  the  secular  diminution  of  the  obli-  ef  Engbwd,  was  built'  and  endowed  by  King  Charies  ii, 

quity  of  the  ecliptic.     At  his  death  be  beqiKatbed  tbe  who,  to  km  the  words  of  Bailly,  "  well  knew  how  esaen- 

whole  to  the  college.     In  1772  the  gtand  duke  Leopold  lial 'astronomy  was  to  «  maritime  ^nd  commercial  people 

built  an  observatory,  which  M.Fontana  superintended, and  )ik«  the  English,  wh^aspired  to  tbe  ^jUre  of  tbe  seas." 

in  1786  several  Eiie  instruments  by  Remsden  were  added  This  baMilig  waa  erected   on  the  site    of  the  ancient 

to  it.  RKMlcd  tower  of  Doke  Humphrey,  ancle  to  Henry  €,  and 

At  Tiirtn  father  Beccaria  erected  a  smatl  observatory;  tbe  ^st  stone  of  it  was  laid  Aug.  1 0,  lS7S,  by  Mr.  Flam* 

but  in  1790  >  large  one  was  built  at  a  very  constderaWe  sieed)  who  had  been  appointed  astronnmet'roy*!.     It  i» 

expense,  by  the  king  of  Sardinia,  at  the  Royal  Collie  of  situated   on   the  highest  eminence  of  GreMwich   park^ 

Cobles,  and  tbe  direction  of  it  given  to  tbe  abbi  Calaso.  about  160  feet  above  lowwaler  mark.     Tbe  soU  here  ta 

At  Fatiae  au  obiervatOTy  was  cossuiKted  by  i»ikm  particularly  favourable  for  such  an  institutioo,  being  •£  m 
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flinty  gratrel,  ihraugh  which  the  ruin  soon  {Kuses.  and  thut  ■ 
the  utmospherc  is  generally  drj',  which  coninbutes  to  the 
prcscTvaiion  of  tbeiDstruiueDts.ait  well  aa  to  the  uniformity 
of  ri'fraction.         , 

This  establishment  comprehends  two  principal  build- 
ings, one  of  which  is  ihe  oliservatory,  anil  the  other  the 
dwelling- house  of  the  HStronomet-ruyal.  The  observatory 
is  an  oblong  edifice,  running  east  and  west,  and  containing 
four  rooms  or  'apartments  on  the  ground-floor.  The  first, 
or  most  easterly^oom,  has  been  lately  erected  for  the  re- 
ception and  fitting  up  of  a  very  fine  transit  circle,  by 
Troughton,  and  a.  clock  of  great  value  by  Hardy. 

The  next  apartment  is  the  transit  room.  It  has  a  douhje 
■loping  roof,  with  sliding  shutters,  which  are  opened  both 
north  and  south,  with  great  ease,  by  pulleys.  The  transit 
instrument,  which  is  8  feet  long,  and  the  axis  3  feet,  ii 
suspended  on  two  stone  pillars.  This  instrument  it  fa- 
mous as  having  been  used  by  Halley,  Bradley,  and  Mask^- 
tynp.  .  It  was  originally  made  by  Bird,  and  has  been  suc- 
cessirely  improved  by  Dollond  and  Troughton.  The  as- 
tronomical or  transit  clock,  which  is  attached  to  a  stone 
pillar,  was  made  by  Graham,  and  has  been  rendered  very 
ftccurate  by  flarnshaw. 

The  third  apartment  is  the  assfstnnt  observer's  library 
and  place  for  calculation  ;  and  the  western  apartment  of 
the  building  is  the  quadrant  room.  Here  is  erected  a  stone 
pier,  rumujig  north  and  south,  to  which  are  attached  two 
mural  quadrants,  each  of  8  feet  radius.  That  on  tbtf 
eastern  face,  which  observes  the  southern  meridian,  was 
made  by  fiird^and  the  other,  which  observes  the  northern, 
by  Graham.  Suspended  to  the  western  wall  is  the  fa- 
mous zenith  sector,  with  which  Bradley  made  the  obser- 
vations.at  Kew  and  Wanstead,  that  ted  to  the  discoveries 
of  the  aberralion  of^ligbt,  and  the  nutation.of  the  earth's 
axis. 

South  of  the  quadrant  room  it  a  small  wooden  building 
for  making  occasional  observations  in  any  direction,  where 
only  the  use  of  a  telescope,  and  an  accurate  knowledge  of 
the  time,  are  required.  It  is  furnished  with  sliding  shut- 
ters on  the  roof  and  sides,  to  view  any  point  of  the  hemi- 
sphere, from  the  prime  vertical  down  to  the  southern  ho- 
rison.  It  contains  some  excellent  telescopes, particularly 
a  forty-inch  achromatic,  with  a  triple  object-glsss,  and  a 
five-feetachromalic,  both  by  Dollond;  with  a  six-Tcet  re- 
flector, by  Dr.  Herschel, 

To  the  Qorth  of  the  observatory  and  east  of  the  house  are 
two  small  buildings,  covered  with  hemispherical  sliding 
domes,  in  each  of  which  is  an  equatorial  sector,  by  Sisson, 
and  a  cluck,  by  Arnold.  These  are  chiefly  used  for  ob- 
serving comets. 

or  the  dwelling- house)  the  lower  apartments  are  occu- 
pied by  the  astronomer-royal,  and  over  thero  is  a  large 
octagonal  room,  which  contains  a  great  variety  of  astrono- 
mical instruments,  with  a  library^  consisting  chiefly  of 
■cientific  and  scarce  rforks.  On  the  top  of  the  house  is  an 
excellent  camera  obscura,  which  could  not  be  better  placed 
for  the  exhibition  of  interesting  objects. 

la  Flamsteed's  time  a  well  was  sunk  in  the  south-east 
.  comer  of,whdt  is  now  the  garden,  behind  the  observatory, 
for  the  purpose  of  seeingthe  stars  in  the  day-tiinr,  an'd  ob- 
■ervins  the  earth's  annual  parallax.  It  was  a.  hundred 
feet  deep,  with  stone  stairs  down  to  the  bottom  :  but  it  has 
been  long  arched  over,  as  the  improvements  in  the  tele- 
scope have  resdeted  it  iMDecessary  for  astrononucal  pur- 
poiei. 
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The  observations  made  at  the  Royal  Observatoiy  art 
universally  allowed  to  possess  an  unrivalled  degree  of  ac- 
curacy, M.  Delambre,  in  a  paper  Composed  iiy  him  on 
the  life  and  labours  of  Dr.  Maskelyne,  and  read  beforehe 
National  Institute,  Jan.  4,  1813,  makes  the  following  re- 
mark. "  He  (Dr.  Maskelyne)  has  given  a  catalogue  of 
stars,  not  numerous,  but  so  accurate,  as  to-have  served, 
almost  solely  for  the  last  30  years,  as  the  foundation  otall  - 
astronomical  researches.  In  short,  it  may  be  said  of  the 
four  volumes  of  Ohservationj  which  he  has  published,  that 
if,  by  a  great  revolution,  the  sciences  should-bc  lost,  and 
thftt  this  collection  only  were  saved,  there  would  be  found 
in  it  suflicient  materials  to  construct  almost  an  entire  edi- 
fice of  modem  astronomy ;  which  cannot  be  said  of  any 
other  collection."  , 

The  following  are  the  names  of  the  astronomers  Who' 
have  officiated  here  in  succession,  with  the  times  of  their 
services  respectively:  Flamsteed,  43  years;  Halley,  25 
years;  Bradley,  20 years;  Bliss,  2  years;  and  Maskelyne, 
*6  years.  Maskelyne  has  been  succeeded  by  John  Poiid, 
Esq.  F.R.a.  who  wa^  appointed  astronomer-royal  in  Febru- 
ary 1812. 

Dr.  Hertehel't  Obtaralory  at  Slough,  near  Windsor, 
though  not  a  fixed  one,  will  ever  claim  a  distinguished 
place  in  the  history  of  astronomical  in>titutions.  It  dilferi 
from  all  other  observatories  in  plan  and  apparatus;  and  it 
exceeds  all  others  in  the  number  of  ils  discoveries. 

In  describing  this  observatory,  it  should,  be  premised, 
that'Dr.  Herschel's  labours  derive  a  peculiar  character 
and  interest  from  the  circumstance,  that  his  discoveries  are 
the  result  of  his  own  inventions.  Fur  to  his  profound 
knowk-dgo  of  astronomy  he  unites  that  of  optics,  both  in 
theory  and  practice,  by  which  he  has  been  enabled  to  cast 
and  polish  mirrors  for  reflecting  telescopes,  greatly  su- 
perior to  any  others,  not  only  in  magnifying  power,  but  in 
collecting,  or,  as  it  were,  preserving  light,  by  whieii  vision 
is  wonderfully  extended,  and  which  he  very  expressively 
dehominates  "  the  power  of  penetrating  into  space."  Tho 
telescopes,  which  are  all  ma^e  under  his  direction,  are  of 
various  sizes,  from  two  feet  in  length  up  to  forty  feet,  and 
the  apparatus  and  machinery  with  which  they  are  mounted 
are  also  of  his  invention,  and  exhibit  a  very  ingenious  dis- 
play of  mcchnnism. 

As  his  larger  telescopes  could  not  be  conveniently  ma- 
naged within  the  cover  of  a  building,  they  are  mounted  in 
the  open  air,  where  they  stand  pointing  to  the  heavens  in 
dilFerent  directions, and  makea  most  magnificent  Rnd  im- 
pressive appearance.  Thus  they  are  placed  in  what  has 
been  called  the  primitive  observatory  of  man,  "  non  sub 
tecto  se<l  sub  cobIo  in  puro  dio." 

His  largest  telescope  is  40  feet  long  and  5  in  diameter. 
It  contains  a  miiror  of  about  a  Ion  weight;  and  this  great 
instrument,  with  nearly  an  additional  ton  of  cases,  &c, 
is  managed  by  a  very  slight  force.  It  is  placed  on  a  large 
circular  frame,  which  turns  on  rollers,  and  the  top  is  sus- 
pended by  ropes  from  very  lofty  ladder-work.  Thus,  by 
a  system  of  wheels,  pinions,  racks,  and  pulleys,  the  mo- 
tions, both  horizontal  and  vertical,  are  given,  and  hence 
any  celestial  object  is  readily  found  and  commodiously 
viewed.  It  was  finished  in  1787,  and  on  the  first  trial  a 
new  satellite  of  Saturn  was  discovered  by  it,  and  a  seconit 
Boon  after.  A  very  full  4nd  accurate  account  of  his  in- 
ventions and  discoveries,  as  well  as  a  particular  description 
of  his  telescopes  and  ihiir  apparatus  (with  plates),  will 
be  found  \a  tiie  Fhilosvphical  Transactions,  to  which  k* 
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bu  been  a  roost  importat^  contribator,  having  supplied 
that  work  with  nearly  70  elaborate  and  iogenious  commu- 
nications. 

Two  of  his  telescopes,  of  smiUer  size,  are  famous  in  the 
annals  of  discovery.  The  first  is  ^  two-fiet  Newtonian 
reflector,  with  which  his  usier  Miss  Carolina  Hcrechel, 
whose  astronomical  atlainments  do  great  honour  to  ber 
sex,  discovered  six  comets;  and  the  other ib  bis  ieven-fcet 
reflector,  by  which  be  discovered  the  Georgian  planet  at 
Bath,  in  1781,  This  telescope  has,  in  consequence  of 
the  discovery,  been  made  a  constellation  in  the  heavens 
with  the  universal!  approbation  of  astronomers.  It  is 
placed  between  Gemini,  the  Lynx,  and  Auriga,  and  con- 
tains 81  stars.  In  BoHe's  atlus  it  is  engraved  with  its  ap- 
paratus, and  maiked  Telescopium  Herscbelii.  Dr.  Her- 
■chel,  though  in  his  7€th  year,  is  still  an  active  and  inde- 
fatigable observer.  He  was  born  at  Hanover,  Nov.  15, 
1738,  a  period  which  will  be  ever  memorable  in  the  history 

The  Kin/^i  private  Olvervatory  in  Richmond  gardens  is  - 
extremely  beautiful  in  structure  and  apparatus,  as  well  as 
in  situation.  It  was  built,  in  1766,  by  order  of  bis  pre- 
sent majesty  Geoi^e  3,  who,  it  is  said,  made  several  obser- 
vations here,  particularly  of  the  transit  of  Venus  in 
17^9-  It  contains  a  hne  transit  instrument,  a  zenith 
sector,  and  a  mural  arc,  with  several  good  telescopes^ 
especially  a  ten-feel  mflector  of  Dr.  Herschel's,  Here  is 
a  superb  equatorial  on  the  lop  of  the  building,  which  is 
covered  with  a  moveable  roof.  There  are  also  two  fine 
orreries,  with  an  excellent  collection  of  philosophical  in- 
struments, and  some  cases  of  minerals  and  other  natural 
curiosities.  It  was  built  under  the  direction  of  Dr.  De- 
mainbray,  and  has  been,  for  some  years,  in  the  caic  of 
Mr.  Rigaud, 

Oxford  Obaavatory  is  a  most  munificent  structure, 
and  the  instruments  perfectly  correspond  with  the  building. 
It  was  begun  in  1773,  from  very  ample  funds  bequeathed 
by  Dr.  Radciiffe,  and  the  land  on  which  it  stands  was  the  ' 
gift  of  the  dulie  of  Marlborough.  The  transit  instru- 
ment, which  is  10  feet  long,  shows  very  small  stars  in  the 
day-time.  It  is  said  to  bare  cost  150  guineas,' the  tenith 
sector  200  guineas,  and  the  two  mural  quadrants  60O 
guineas.  There  are  also  very  excellent  telescopes  and 
clocks  here,  the  former  by  Herscbel  and  Dollond,  and  the 
latter  by  Shelton.  It  was  built  under  the  direction  of  Dr. 
Hornsby,  professor  of  astronomy  in  the  university,  who 
observed  here  for  many  years,  and  he  has  been  succeeded 
by  Dr.  Robertson,  the  present  wortliy  professor  of  astro- 
nomy. The  observations  are  all  registered,  and  consist 
cbielly  of  the  right  ascensions  and  zenith  distances  of 
the  sun,  moon,  planets,  and  fixed  stars.  In  Dr.  Ilorns- 
by's  time,  the  registry  was  sometimes  broken  from  ill . 
health;  for  he  had  no  assistant  observer;  but  one  bas 
been  of  late  added  to  the  establishment,  so  that  tbe  ob- 
servations will  not,  in  future,  bo  liable  to  the  like  inter- 
rapt  ions. 

At  Cambridge  there  have  been  small  observatories  at 
Christchurch,  Trinity,  St.  John's,  Sec,  and  a  plan  is  said  to 
be  now  on  foot  for  erecting  one  upon  a  great  scale,  and 
worthy  the  scientific  fame  of  that  learned  university. 

PoTismouih  Objavatory. — At  the  Royal  Marine  Aca- 
demy, Portsmouth,  there  is  an  observatory  under  tbe  di- 
rection of  Mr.  Professor  Inman,  which  is  of  peculiar  uti- 
lity, both  in  teaching  tijc  pupils  practical  astronomy,  and 
in  finding  the  rate  of  time-keepcn  for  seamen. 
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At  Cbrial'$  Ho^al,  Mr.  Wales  (who  had  served  under 
Dr.  Maakelyne  and  Capt  Cook)  erected  a  small  observa- 
tory at  his  own  expense,  when  he  became  master  of  the 
royal  mathematical  school  there. 

The  Royal  Society  have  at  Somerset  House  a  small  ob- 
servatory, which  is  generally  superintended  by  the  secretary 
for  the  time  being. 

At  Highbury  Houte,  near  Islington,  an  observatory  was 
built  in  the  year  17S7|  by  Alexander  Aubert,  Esq,  which, 
for  perfection  of  plan  and  splendour  of  apparatus,  per- 
haps has  never  been  equalled  by  any  private  individual. 
This  gentleman,  whoso  scientific  and  liberal  pursuits  de- 
serve honourable  mention,  died  in  the  year  I806,  and  his 
grand  collection  of  instruments  was  disposed  of  by  auc- 
tion, and  of  course  dispersed.  Similar  notice  may  be 
taken  of  other  observatories  contemporary  with  that  of 
Highbury,  particularly  those  of  Count  Bruhl  at  Hare- 
field,  Sir  George  Shuckburgh  at  Shuckbttrgb,  William 
Larkins,  Esq.  at  Blackheath,  and  the  Hon.  Charles  Gre- 
ville  at  MJlford,  all  of  which  were  on  a  great  scale,  and 
have  been  discontinued  after  the  demise  of  the  owners. 
Thus  in  private  observatories,  though  the  astronomen 
may  bequeath  their  apparatus  to  their  heirs,  they  cannot 
transfer  cither  their  taste  or  their  science.  It  is  only  in 
public  establishments  that  permanence  can  be  expected, 
.  Among  the  private  observatories  of  the  present  day,  th* 
following  alphabetical  list  may  be  also  mentioned. 
Blackheath  -         Stephen  Groombridge,  Esq. 

Blenheim  -         Duke  of  Marlborough. 

Cambridge  •  Rev.  Mr.  Catton. 

Chiaclhursl  -         Rev.  Francis  Wollaston. 

Derby  -         William  Strutt,  Esq. 

East  Sheen      ,  -        Rev.  William  Pearson. 
Finsbury  Square  Dr.  Kelly. 

Godwood  -        The  Duke  of  Richmond. 

Gosport  -         Dr.  William  Bumey. 

Hackney  Wick    -         Colonel  Beaufoy. 
Hayet  -         William  Walker,  Esq. 

Highbury  Terrace        Capt.  Huddart. 
HoddesdoD  -         William  Hodgson,  Esq. 

Islington  -        Gavin  Lowe,  Esq, 

Paragon,  Southwark     James  Strode  Butt,  Esq. 
Park-lane  -        Sir  Henry  Englcfield,  Bart 

Rose  Hilt,  Sussex         John  Fuller,  Esq. 
Sherburu  -        Earl  of  Macclesfield. 

St.Ibbs,  Hitchin  -         Mr,  Professor  Lax. 
Woolwich'  •        Royal  Mil.  Acad. 

Scotch  Obtervaiories. — In  the  different  universities  of 
Scotland  professorships  of  astronomy  have  been  esla- 
blishedi  but  it  has  been  here,  as  in  most  other  universities, 
tbe  theory  of  the  science  bas  been  more  attended  to  than  the 
practice.  At  Edinburgh  and  Aberdeen  there  have  been, 
however,  observatories;  and  at  Glasgow  there  is  also  a 
small  one  belonging  to  the  college,  but  of  late  a  magnifi- 
cent one  has  been  erectrd  by  a  society  of  gentlemen,  which 
is  likely,  when  finished,  to  be  very  useful  as  well  as  ho- 
nourable to  that  coMmercial  city. , 

Irish  Obtervaiories. — In  Ireland  two  observatories  have 
been  established  on  a  great  scale,  the  one  at  Dublin,  and 
the  other  at  Armagh.  The  observatory 'belonging  to  Tri- 
nity-college, Dublin,  commonly  called  the  Dublin  obser- 
vatory, was  begun  in  the  year  176S.  It  was  founded  by 
Dr.  Francis  Andrews,  provost  of  that  college,  who  be- 
queathed a  large  income  for  this  purpose.  The  apparatus 
are,  a  transit  instrument  of  6  feet  foiyl  length,  with  a  4- 
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feet  urii,  bearing  4  inchet  tad  «  quarter  aperture,  with  Irish  Academy  by  matfaenadpal  and  ailronomical  com- 
three  difierent  magDi^ing  powers  up  to  600.     An  entire     munications. 

circleof  10  feet  diameter  on  ahoriiontal  axis  fur  measur-  From  a  new  8  feet  circle,  by  Berge,  important  results 
ing  meridiaa  altitudes.  An  equatorial  instrument,  with  are  expected,  particularly  on  parallax,  aberretion  of  light, 
circles  of  5  feet  in  diameter:  and  an  achromatic  tele-  and  refraction.  Dr.  B.  has  been  for  some  time  engaged  in 
■cope,  mounted  on  a  polar  axis,  and  carried  by  an  hello-  ■       ^    ,  -.i    .    ■       ..        •  ■     i 

■tatic  movemenL     Clocks  were  also  ordered  from  Mr. 
Arnold,  without  any  limitation  of  price. 

The  situation  chosen  for  the  observatory  is  on  elevated 
ground,  about  four  Et^lish  mites  s.  w.  of  Dublin.     The 
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plain  the  cause  of 
found  in  the  zenith  distances  of 
certain  stars  at  different  times,  which  du  not  seem  expli- 
cable by  any  cause  at  present  generally  lillowrd.  He  ha» 
found  a  difference  between  the  zenith  distances  of  a  Lyrs, 
foundation  is  a  solid  rock  of  limestone,  of  several  miles  whenin  opposition  and  conjunction,  which  may  be  explain- 
extent ;  and  the  soil  is  very  favourable,  bnng  a  calcareouj  ed  by  a  parallax  of  about  2  seconds.  The  new  transit  cir- 
■ubstance  called  limestone  gravel,  which  is  remarkable  for  cle  j  ust  erected  at  Greenwich  poisesees  advantages  for  sucb 
absorbing  the  rain,  and  thus  contributing  to  a  dry  atmo  purposes,  and  great  hopes  may  therefore  be  funned  from 
sphere.  The  plan  of  the  building  unites  at  oiice  both  the  concurrent  operations  of  those  two  instruments. 
el^ance  and  convenience.  In  the  centre  is  a  magnificent  Armagh  Obterf)iaory.-~-At  Armagh,  the  meiropoUtati 
dome  of  three  ^tories  high,  with  a  moveable  roof  for  the  oity  of  Ireland,  and  anciently  the  seat  of  a  large  nniver- 
equa tori al  instrument,  which  is  placed  on  a  pillar  of  l6  sity,  an  observatory  has  been  erected  and  endowed  in 
feet  square,  of  the  most  substantial  masonry,  and  sur-  1799,  by  the  most  reverend  Richard  lord  Eukeby,  then 
rounded  by  a  circular  wall  at  a  foot  distance,  that  supports  primate  of  Ireland.  It  is  erected  on  the  summit  of  a 
the  moveable  dome,  and  also  the  floors,  which  in  no  part  gently  rising  hill,  about  90  feet  above  the  general  level  <if 
(ouch  the  pillar:  thus,  no  motion  of  the  floor  or  wall  can  the  town.  The  tower,  which  joins  the  dwelling-house, 
be  communicated  to  the  instrument  The  aperture  for  contains  a  very  fine  equatorial  liy  Truugbton,  fixed  oa  a 
observation  in  the  dome  is  two  feet  and  a  half  wide.  large  pillar,  which  is  raised  so  high  that  the  instrumeut  in 

The  most  important  erecbon  belonging  to  this  establish-  the  dome  can  overlook  ail  the  buildings.  To  the  east  of 
tnent  is  behind  the  mun  building,  and  at  right  angles  to  the  house  is  a  range  of  buildings  fur  the  transit  room,  and 
)t,iaorder  to  obtainan  uninterrupted  view  both  northand  other  astronomical  purpui>es.  Tbeprincipiil  instruments, 
south.  This  is  the  meridian  or  transit  room,  which  con-  besides  the  equatorial  and  transit,  ari'  a  ten-feet  sextant  by 
tains  both  the  transit  instrument  and  the  circle.  It  is  37'  Troughton ;  a  ten-feet  refliciing  telctcope  by  Dr.  Uers- 
feet  long,  bySS  broad,  dnd  21  hi^.  Fine  pillars  of  Port-  chel ;  a  live-ffet  triple  obJect-gUss  achromatic  ti-lescope 
land  stone  are  erected  for  both  instruments  on  the  most  by  Dollond ;  and  also  a  fine  night  glass  on  an'  equatorial 
£rm  basis,  and  the  floor  is  so  framed  as  to  let  all  the  pil-  stand.  The  clocks  ure  by  Earnshaw  of  London,  end 
lars  rise  totally  detached  from  it.    The  clocks  are  attach-     Crossthwaite  of  Dublin. 

ed  to  pillars  of  the  gr^test  steadiness  also  :  they  were  In  this  esiablisiiment  a  liberal  income  is  allowed  to  the 
made  by  Arnold,  who  exerted  his  best  skill,  and  are  principal  astronomer,  and  a  good  salary  to  his  assistant. 
'    [1  a  masterly  manner;  the  pallets  arc  of  ruby;     It  has  been  superintended  from  the  beginning  by  the  Rev. 


and  all   the  last  holes  of  the  movement  jewelled 
suspension  springs  are  of  gold,  with  Arnold's  own  five- 
barred  pendulum,  and  cheeks  capable  of  experimental  ad- 
justment, so  as  to  make  all  vibrations  isochronal,  wfaai- 
«ver  may  be  the  excursion  of  the  pendulum. 

The  Rev.  Dr.  Usher,  (he  first  astronomy  professor,  did     years,  is  preserved.     The  right 


ntended  fror 
James  Archibald  Hamilton,  d.  d.  dean  of  tlie  cathedral 
church  of  St.  Coleman,  Cloync.  Tbe  registered  observa- 
tions here,  are  those  made  with  the  transit  instrument  and 
equatorial  ;  end  also  an  account  of  tbe  temperature  and 
eight  of  the  atmosphere.  Of  these,  a  series  of  about  18 
"■       ■  ■  pf  the  sun  and 

th  the  fixed  stars,  are  regular  and  un- 
norih  polar  distances  haie  not  been  so 
as  they  are  only  observed  by  the  priti" 
whose  pastoral  duties  must  occasionally 
ith  his  astronumical  labours. 


,  not  long  enjoy  the  pleasures  of  astronomy. 
1790,  before  the  instruments  had  been  all  supplied.  He 
was  succeeded  by  the  Rev.  Dr.  Brinkley,  who  was  reared 
under  Dr.  Maskelyne,  and  had  distinguished  himself  at 
Cambridge  by  profound  analytical  investigations,  and  who 
bas  since  greatly  enriched  the  Transactions  of  the  Royal 
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Observatory  Porlmble.     See  Etti 

OBTUSE  Angle,  one  that  it  greater  than  a  right-angle. 

OBTvaE-mgled  JHw^le,  is  a  triangle  that  has  otie  of 
its  angles  obtuse :  and  it  can  have  only  one  such. 

Obtitbe  Cone,  or  O^tvat-At^kd  Gne,  one  whose 
xngle  at  the  vertex,  by  a  secfioD  throng  the  axis,  is  ob- 
tuse. 

Obtuse  Sj^bala,  one  whose  asymptotes  form  an  ob- 
tuse angle. 

Obtus E-of^vIor  Section  ^a  Cone,  a  name  given  to  the 
hyperbola  by  the  ancient  geomettici^ns,  because  they  con- 
sidered this  section  only  in  the  obtuse  cone. 

OCCIDENT,  or  Occidevtai.,  west,  or  westward,  in 
Astronomy ;  a  planet  ig  stud  to  be  Occident,  when  it  sets 
after  the  sun, 

OcciOEKT,  in  Geography,  the  westward  quarter  of  the 
horizon,  or  that  part  of  the  horizon  where  the  ecliptic,  or 
the  sun's  place  in  it,  descends  into  the  lower  hemisphere. 

Occident  Equinoctial,  that  point  of  the  borison  whera 
the  tun  sets,  when  he  crosses  the  equinoctial,  or  enters  the 
sign  Aries  or  Libra. 

Occident  Ettival,  that  point  of  the  horizon  where  the 
■un  sets  at  his  entrance  into  the  sign  Cancer,  or  in  our 
summer  when  the  days  are  longest. 

Occidewt  Hybemal,  that  point  of  the  horizon  where 
the  sun  sets  at  miflwinter,  when  entering  the  ^gn  Capri- 
corn. 

Occidental  Horiton.    See  Horizon. 

OCCULT,  in  Geometry,  is  used  far  a  line  that  is  scarce 
perceivabb,  drawn  with  the  point  of  the  compasses,  or  a 
black-lead  pencil.  Occult  or  dry  lines  are  used  in  seve- 
ral operstiotis  -,  as  the  raising  of  plans,  designs  of  building, 
pieces  of  perspective,  &c.  They  are  to  be  eBaced  or  rub- 
bed out  when  the  work  is  fimsbed. 

OCCULTATION,  the  ohscnration  of  any  star  or  pla- 
net, by. the  interposition  of  the  body  of  the  moon,  or  any 
•thflT  planet. — The  occnltation  of  a  star  by  the  mount  if 


observed  in  a  place  whose  latitude  and  longitude  are  well 
determined,  may  be  applied  to  the  correction  of  the  lunar 
tables ;  but  if  observed  in  a  place  whose  latitude  only  it 
well  known,  it  may  be  ap[^ied  to  the  detenniniug  tba 
lonntude  of  the  place; 

vinle  t^Perpetft^  Occultation.    See  Circle. 

OCEAN,  the  vast  collection  of  salt  water,  which  en- 
compasses most  parts  of  the  earth.  By  com  potation.  It 
appeaii  that  the  ocean  takes  up  considerably  more  of  what 
we  know  of  the  terrestrial  globe,  than  the  diy  land  does. 
This  is  perhaps  easiest  known,  by  taking  a  good  map  of  the 
world,  and  with  a  pair  of  scissara  clipping  out  all  th« 
water  from  the  land,  and  weighing  the  two  parts  sepa- 
rately :  by  which  means  it  has  been  found,  that  the  water 
occupies  about  two-thirds  of  the  whole  surface  of  the 
globe. 

The  great  and  universal  ocean  is  sometimot,  byget^ia- 
phers,  dirided  into  three  parts.  As,  1st,  the  Atlantic  and 
European  ocean,  lying  between  part  of  Europe,  Africa, 
and  America;  2d,  the  Indian  ocean,  lying  between  Africa, 
the  East-Indian  islands,  and  New  Holland  ;  3d,  the  Pa- 
cific ocean,  or  great  south  sea,  which  lies  between  the 
Philippine  islands,  China,  Japan,  and  New  Holland  on 
the  west,  and  the  coast  of  Ameriea  on  tbe  east  The  ocean 
also  takes  divers  other  names,  according  to  tbe  diftrent 
countries  it  borders  on :  as  the  British  ocean,  German 
ocean,  &c.  Also  according  to  the  position  on  the  globe  ; 
as  the  northern,  southern,  eastern,  and  western  oceans. 

The  ocean,  penetrating  the  land  at  several  straits, 
loses  its  name  of  ocean,  and  assumes  that  of  se4  or  golpb; 
as  the  Mediterranean  sea,  the  Persian  gulph,  &e.  In  very 
narrow  places,  it  is  called  a  strait,  &c. 

OCTAUIRON,  orOcTAHEDKON,  one  of  the  five  re- 
gular bodies ;  contained  under  8  equal  and  equilateral 
triangles.^-It  may  be  conceived  as  consisting  of  two  qua- 
drilateral pyramids  joined  together  at  tbeir  bases. 

To  form  on  Oaaednm.    Join  together  8  equal  aod  eqw- 
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lateral  triaDgles,«s  in  fig.  1;  then  cat  tbe  lines  half  tbrpugh, 


l»«    ] 


OLD 


•od  fold  the  figare  up  by  these  cut  lines,  till  the  extreme 
edges  meet,  and*  form  the  octaedron,  as  in  figure  S.^In 
an  octaedron,  if 

A  be  the  lineai:  edge  or  ude, 
B  iti  nhole  9ur&ce, 
c  its  solidity,  or  solid  contend 
K  the  radius  of  the  circumscribed  sjAere,  and 
r  the  radius  of  the  iuscTibed  sphere :  Then 
A  =5  V6  5*  Rv'S  =  lav's  =.V|c  v'S- 
■  =  127V3  =  4rV3  =  2aV3  =  6^(0^3. 
c  =  4r*^3  =  iK'  =  ^aVS  =  tV»V^(b  v'3). 
E  z=.V3  =  i4v'2«  WWi  =v^ic- 
r  =  t^VS  =  iWS  =  WiW^)  =  ifc^J- 

See  my  Mcnsuratioo,  pa.  188,  4th edition. 

OCTAGON,  is  a  figure  of  8  sides  and  angles ;  which, 
when  these  are  all  equal,  is  also  called  a  regular  one,  or 
may  be  Inscribed  in  a  circle. 

if  the  side  of  a  regular  octagon  be  i ;  thrn 

Its  area  =  Z»'  x  (1  +  y'Z)  =  4'3«84271»*;  and  the 
radius  of  its  circumsc.  circle  =  -77- y-.  ■ 

OCTAQOK,  in  Fortification,  denotes  a  pkce  that  has  8 
■ides,  or  8  bastions. 

OCTANT,  the  8th  part  of  a  circle. 

Octant,  orOcTiLs,  means  also  an  aspect,  or  position 
of  two  planets,  when  their  places  are  distant  by  the  8th 
part  of  a  circle,  or  45  degrees. 

OCTAVE,  or  8th,  in  Music,  is  on  interval  of  8  sounds; 
every  8th  note  in  the  scale  of  the  gamut  being  the  same, 
as  far  as  the  compass  of  masic  requires. 

Tones,  or  sounds,  that  are  octaves  to  each  other,  or  at 
an  octave's  distance,  are  alike,  or  the  same  nearly  as  the 
unison.  In  this  case,  the  more  acute  of  the  two  makes  ex- 
actly two  vibrations,  while  the  deeper  or  graver  makes  but 
one ;  whence,  they  coincide  at  every  two  vibrutions  of  the 
acuter,  which,  being  more  frequent,  makes  this  concord 
more  perfect  than  any  other,  and  as  it  were  an  unison. 
Hence  also,  it  happens,  that  two  chords  or  strings,  of  the 
same  matter,  thickness,  and  tension,  but  (he  one  double 
the  length  of  the  other,  produce  the  octave. 

The  octave  containing  in  il  all  the  other  simple  con- 
cords, and  the  degrees  being  the  differences  of  these  con- 
cords ;  it  is  evident,  that  the  division  of  the  octave  com- 
prehends the  division  of  all  the  resL  By  joining  therefore 
all  the  simple  concords  to  a  common  fuodamental,  we 
have  the  following  series 

1  . i  .  t  •  i  •  ^^  i  -  i   ■  4 

Fund.  3d  I,    3d;,    4(h ,    £tb ,    6th  I,    0th;,    8ve. 

Mr.  Malcolm  observes,  that  any  wind  instrument  being 
over-blown,  the  sound  will  riae  to  en  octave,  and  no  other 
concord  ;  which  he  ascribes  to  the  perfection  of  the  octave, 
and  its  being  next  to  unison.    ' 

Descartes,  from  an  observation  of  the  like  kind,  viz, 
that  the  sound  of  a  whistle,  or  organ  pipe',  will  rise  to  an 
octave,   if  forcibly  blown,  concludes,  that  no  Mimd  it 


heard,  but  its  acute  octave  seems  some  way  lo  echo  or 
resound  in  the  ear. 

OCTILE.     See  Octajjt. 

OCTOBER,  the  Stfa  .month  of  the  year,  in  Romulus's 
calendar ;  but  the  tenth  in  that  of  Numa,  Julius  Csesar, 
&c,  after  the  addition  of  January  and  February.  This' 
month  contains  31  days;  about  the  22d  of  which,  the 
sun  enters  the  sign  Scorpio  ni. 

OCTOSTYLE,  in  Architecture,  the  face  of  a  building 
adorned  with  6  columns. 

ODD  Number,  in  Arithmetic,  is  any  number  in  the 
series  1,  3,  5,  7,  Stc-  An  odd  number,  when  divided  by 
S,  always  leaves  the  remuioJer  1;  and  hence  all  odd  num- 
bers are  said  to  be  of  the  form  2n  -t-  1 ,  and  all  odd  square 
numbers  of  the  form  8n  -«-  1,  that  is,  any  odd  square  num- 
ber, being  divided  by  8,  always  leaves  the  remainder  1 : 
^Ibusp  =  8  -t-  1,25=  S  ■  8  +  I,  49  =  6  .  8  -t-  1,  &c. 

The  difference  of  all  the  consecutive  square  numbers, 
beginning  with  unity,  forms  the  series  of  odd  numbers.-^l, 
3,  5,  7,  9,  &c,  as  appears  by  subtracting  each  preceding 
squnre  from  the  following  one,  in  the  serife  of  squares. 
Squares         1     4    9     16    25     36    *9    &c. 
Diffi?rences    1,    3,    5,      7,     9,    II,    13,  &c. 

An  odd  number  cannot  be  divided  by  an  even  number. 

Every  prime  number  except  2  u  an  odd  number. 

Any  power  of  an  odd  number  isan  odd  number. 

If  an  odd  number  divide  an  even  number,  it  will  also 
divide  half  that  even  number. 

Every  odd  number  prime  to  10,  is  a  divisor  of  any  re- 
petend  digit.     See  Number. 

ODDLY-ODD.  A  number  is  said  to  be  oddly-odd, 
when  an  add  number  meHsurt-s  it  by  an  odd  number.  So 
15  is  a  number  oddly-odd,  because  (he  odd  number  3 
mrasures  it  by  (lie  odd  number  5. 

OFFING,  or  OFfiti,  in  Navigation,  that  part  of  (ho 
sea  which  is  at  a  considerable  dlbtancc  from  shore  ;  where 
there  is  dei-p  wadr,  and  no  need  of  a  pilot  to  conduct  tho 
sbip  into  port.  '  , 

OFFSETS,  in  Surveying,  arc  the  perpendiculars le( fell, 
and  measund  from  the  stadon  lines,  to  the  corners  or 
bends  in  ihe  hedge,  fence,  or  boundary  of  any  ground. 

.  OrfatT-Slaf,  a  sknder  rod  or  staff,  of  10  links,  or 
other  convenient  length.  lis  use  is  for  measuring  the  off- 
setts,  and  other  short  lines  and  distances.  ' 

OFFWARD,  in  Navigation,  the  same  with  From  tha 
shore,  &c. 

OGF.E,  or  OG,  an  ornamental  moulding  in  the  shape 
of  an  S ;  consisting  of  two  memben,  the  one  concave,  and 
the  otht^r  convex. 

OLBERS,  is  a  name  given  by  some  astronomers  to  a 
new  planrt  discovered  by  Dr.  Olbers  at  Bremen,  on  the 
S8(h  of  March  1802.  It  is  thus  named  in  honour  of  this 
indefatigable  lutronomer,  who  has  since,  viz,  on  the  S9th 
of  March  1807,  discovered  a  second  new  planet,  to  which 
he  has  given  the  name  of  Vesta  ;  the  first  having  also  re- 
ceived the  appellation  of  Pallas.  The  former  of  these 
might  be  otherwise  named  Others',  and  the  latter  Olbers*. 
The  elements  of  each  may  be  found  under  their  respective 
names.     See  Pallas  and  Vesta. 

OLDENBURG^  (Henry),  who  wrote  his  name  some- 
limes  Grubendol,  transposing  the  letters,  was  a  luamed 
German  gentleman,  and  born  in  the  duchy  of  Bremen  in 
the  Lower  Saxony,  about  the  year  \626,  being  descended 
from  thecounts  of  Aldenburg  in  Westphalia;  whence  bis  ■ 
name.    During  the  long  English  parliament  in  the  timt 


,  Google 


OL  Y 


[     I3S     ] 


O  P  A 


of  Charles  the  lit,  he  came  to  England  as  consul  for  bis  The  fint  olympiad  began  the  3938A  year  of  the  Jalian 

countrymen  ;  in  which  capacity  he  remained  at  London  [leriod,   Ebe  3208th  of  the  creation,  77o  yean  bcfuie  the 

in  Cromwell's  administration.     But  being  discharged  of  birlhof  Chriit,  or  24  years  before  the  founiiation  of  Rome, 

that  employment,  he  was  engaged  as  tutor  to  lord  Henry  And   the  compulation   by  the«&  ended    with  the  404th 

Obryan,  an  Irish  nobleman,  whom  he  attended  to  ihe  uni-  olympiad,  being  the  440th  year  of  the  present  vulgar 

versity  of  Oxford  ;  and  in  I656  be  entered  himself  a  stu-  Christian  era. 

dent  in  that  university,  chitfly  to  have  the  benefit  of  con-  OMBROMETER,  a  name  given  by  Mr.  Roger  Picker> 

suiting  the  Bodleian  library.    He  was  afterwards  appointed  '  ing  (Pfailos.  Trans.  No.  473,)  to  what  is  more  commonly, 

tutor  to  lord  William  Cavendish,  and  became  intimately  though  less  properly,  called  a  pluviameter  or  rain-gage, 

icquaintcd  with  Milton  the  pott.     During  his  residence  at    See  Pluv 


Oxford,  he  became  also  acquainted  with  the  members  of 
that  society  there,  which  gave  birth  to  the  Royal  Society  ; 
and  on  the  establishing  of  this  latter,  he  was  electee!  a 
member  of  it :  and  when  the  Society  found  it  necessary 
to  have  two  secretaries,  he  was  chosen  assistant  to  Dr. 
Wilktns.    He  applied  himself  with  extraordinary  diligence 


OMPHALOPTER,  or  Ompimloptic,  in  Optics,  a 
;Iasi  that  is  convex  on  both  sides,  popularly  called  a  con- 

OPACITV,  a  quality  of  bodies  which  renders  them 
ipaVe,  or  the  contrary  of  transparency. 

The  Cartesians  make  opacity  to  consist  in  this,  that 
t«  the  duties  ot"  this  ofiice,  and  began  the  publication  of  ^e  pores  of  the  body  are  not  all  straight,  or  directly 
the  Philosophical  Transactions  with  No.  1,  in  1664.  In  before  each  oth«r ;  or  rather  not  pervious  every  way. 
order  to  discharge  this  task  with  more  credit  to  himself  This  doctrine  however  is  deficient:  for  though,  to  have 
BDd  the  Society,  he  held  a  correspondence  with  more  than  a  body  transparent,  its  pores  must  be  straight,  or  rather 
seventy  learned  persons,  and  others,  on  a  great  variety  of  open  every  way  ;  yet  it  is  inconceivable  how  it  should 
subjects,  in  different  parts  of  the  world.  This  fatig tie  happen,  that  not  only  glass  and  diamonds,  blit  even  water, 
would  have  been  insupportable,  had  he  not,  as  he  told  Dr,  whose  parts  are  so  very  moveable,  should  have  all  their 
Lister,  managed  it  so  as  to  make  one  letter  answer  another; 
and  that,  lobe  always  fresh,  he  never  read  a  letter  before 
he  was  ready  immediaicty  to  answer  it :  so  that  the  multi- 
tude of  his  letters  did  not  embarrass  him,  nor  ever  lie  upon 
hishands.  Among  others,  he  was  a  constant  correspondent 
of  Mr.  Robert  Boyle,  and  he  translated  many  of  that  in- 
genious gentleman's  works  into  Latin. 

About  tht  year  1674  he  was  drawn  intoadisputc  with 
Mr.  Houki-,  who  complained,  that  the  secretary  had  not 
"  '  n  justice,  in  the  History  of  the  Trar 


pores  open  and  pervious  every  way  ;  while  the  finest  paper, 
or  the  thinnest  gold  leaf,  should  exclude  the  light,  for 
want  of  such  pores.  So  that  another  cause  of  opacity 
must  be  sought  for. 

Now  all  bodies  have  vastly  more  pores  or  vacuities  thaiv 
are  necessary  for  an  itiSnite  number  of  rays  to  pass  freely 
through  them  in  right  lines,  without  striking  on  any  of  the 
parts  themselves.  For  since  water  is  19  times  lighter  or 
rarer  than  gold  ;  and  yet  gold  itself  is  so  very  rare,  that 
magnetic  effluvia  pass  freely  through  it,  without  any  op- 
respect  to  the  invention  of  the  spiral  spring  for  pocket  position ;  and  tjuicksilver  is  readily  received  within  its 
watches ;  the  contest  was  carried  on  with  some  warmth  on  pores,  and  even  water  itself  by  compression  ;  it  must  have 
both  sides,  but  was  at  lengtli  terminated  to  the  h<;nour  of  much  more  pores  than  solid  parts  :  consequently  water 
Mr.  Oldenburg ;  fur,  pursuant  to  an  open  representation  must  have  at  least  40  times  as  much  vacuity  as  solidity, 
of  the  afTair  to  the  Royal  Society,  the  council  thought  fit  The  cause  therefore,  why  some  bodies  are  opake,  does 
to  declare,  iu  behalf  of  their  secretary,  that  they  knew  not  consist  in  the  want  of  rectilinear  pores,  pervious  every 
nothing  of  Mr.  Hueke  having  printed  a  book   entitled     way;  but  either  in  the  unequal  density  of  the  parts. 


Lampas,  &c  ;  but  that  the  publisher  of  the  Transactions 
'  bad  conducIe,d  himself  faithfully  and  honestly  in  managing 
the  intelligence  of  the  Royal  Society,  and  that  he  had  given 
DO  just  cause  for  such  reflections. 

Mr,  Oldenburg  continued  to  publish  the  Traiuaclioni 
as  before,  to  No.  136,  June35,  l677;  after  which  the 
publicatiun  was  discontinued   till  the  Ja^luary  following; 


magnitude  of  the  pores ;  and  to  their  being  either 
empty,  or  filled  with  a  different  matter ;  by  means  of 
which,  tlie  rays  of  light,  in  their  passage,  are  arrested  by 
innumerable  refractions  and  refiectwns,  till  at  length  falling 
on  some  solid  part,  they  become  quite  extinct,  and  are 
utterly  absorbed. 
Hence  cork,  paper,  wood,  &c,areopake;  whileglass, 
when  they  were  again  resumed  by  his  successor  in  the  se-  diamonds,  &c,  are  pellucid.  For  in  the.confiues  or  joining 
cretary's  office,  Mr.  Nehemiah  Grew,  who  carried  them  on  of  pans  aliko  in  density,  such  as  those  of  glass,  water, 
till  theendof  February  167S.  Mr.  Oldenburg  died  at  diamonds,  &c,amongthemselve9,norefractionor  reflection 
bis  hotise  at  Charlton,  between  Greenwich  and  Woolwich,  t&kes  place,  because  of  the  equal  attraction  every  way  ; 
in  Kenb,  August  1^7,  and  was  interred  there,  being  near  '  so  that  such  of  the  rays  of  light  as  enter  the  first  surface, 
S3  years  of  Age.  pass  straight  through  the  body,  excepting  those  that  are 

He  published,  besides  what  has  been  already  mentioned,  lost  and  absorbed,  by  striking  on  solid  parts:  but  in  the 
30  tracts,  chiefly  on  theological  and  political  subjects;  bordering  of  parts  of  unequal  density,  such  as  those  of 
in  which  he  principally  aimed  at  reconciling  differences,  wood  and  water,  both  with  regard  to  themselves,  and  with 
and  promoting  peace  and  unanimity.  regard  to  the  air  or  empty  space  in  their  larger  pores,  the 

OLYMPIAD,  in  Chronology,  a  revolution  or  period  of    attraction  being  unequal,  the  reflections  and  refractions 


4yean,  by  which  the  Greeks  reckoned  their  time;  so  called 
from  the  olympic  games,  which  were  celebrated  every  4th 
year,  during  5  days,  near  the  summer  solstice,  on  the  banks 
of  tbe  river  Alpheus,  nearOlympia,  atownof  Elis.  As  each 
olympiad  consisted  of  4  years,  these  were  called  the  Ist, 
3d,  3d,and  4th  year  of  each  olympiad;  the  first  year  com- 
mflnciDg  with  the  nearest  new  moon  to  the,iunimersolsiicc. 


11  he  very  great;  and  thus  the  rays  will  not  be  able  1< 
pass  through  such  bodies,  being  continually  driven  about, 
till^hey  becom* extinct. 

That  this  interruption  or  discontinuity  of  parts  is  the 
chief  cause  of  opacity.  Sir  Isaac  Newton  argues,  appears 
from  hence;  that  a]l  opake  bodies  immediately  bcgii)  to 
be  transparent,  when  their  porea  became  filjed  with  a  lut- 
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«tance  of  nearly  equal  density  with  their  parts.  Thus, 
paper  dipped  iu  water  or  oil,  some  stones  sti^ped  in  waitT, 
linen  cluth  dipped  in  oil  or  vinegar.  Sec,  become  more 
transparent  than  befure. 

OF  \K  1^,  not  tninaiucenl,  nor  transparent,  or  not  admit- 
ting a  fiec  jiH^sa;e  to  ibe  rays  of.  light. 

OI'EN  FU^t.  in  I'oriilictition,  is  that  pan  of  the  flank 
which  is  covered  b)  ihe  urilloii  or  shoulder. 

OPENING  qf  the  Trenchet,  is  the  first  breakinR  of 
ground  by  thi;  besiegers,  in  order  to  carry  on  their  ap- 
proRchus  toWHfds  a  place. 

OPERA-Gfiui,  ill  0|iiics,  is  go  called  from  its  use  in 
play-liouses,  and  sometidies  a  Diaj^onal  Perspective,  from 
its  construction,  uhich  is  att  follu^s.  abcd  (Hg.  5,  pl-SI) 
represents  a  tube  about  4  inches  long;  in  each  side  of  which 
there  is  a  hole  t.t  and  dh,  exactly  against  the  middle  of  a 
plane  mirror  IK,  which  reflects  tbe  rays  falling  upon  it  to 
the  convex  glass  lh  ;  through  which  they  are  refracted  to 
the  concave  eyc-glais  no,  whence  they  emerge  parallel  to 
the  eye  at  the  hole  ri,  in  the  end  of  the  tube.  Let  pa«  be 
an  object  to  be  viewed,  from  which  proceed  the  rays  Pc, 
ab,  and  gi  :  these  rays,  being  reflected  by  the  plane  mir- 
ror IK,  will  show  the  object  in  the  direction  cp,  ba,  dq,  in 
tbcfimage^^,  equal  lo  the  object  pq,  and  as  far  behind 
the  mirror  as  the  Object  is  before  it :  the  mirror  being 
placed  so  as  to  make  an  angle  of  45  degracs  with  the  sides 
of  the  tube.  And  as,  in  viewing  near  objects,  it  is  not 
necesDary  to  magnify  them,  the  focal  distances  of  both  the 
glasses  may  be  nearly  equal ;  or  if  that  of  lh  be  3  inches, 
and  that  of  no  one  inch,  the  distance  between  them  will 
be  but  2  inches,  and  the  object  will  be  tnagnificd  3  times, 
being  sufRcient  for  the  purposes  to  which  this  glass  is  ap- 
plied. 

When  theobject  is  very  Rcar,as  xv,  it  is  viewed  through 
a  hole  xy,  at  the  other  end  of  the  tube  as,  without  an 
eyeglass;  the  upper  part  of  the  mirror  being  polished  for 
that  purpose,  as  well  as  the  under.  The  tube  unscrews 
near  the  object<-glass  lh,  for  taking  out  and  cleansing  the 
glasses  and  mirror.  The  position  of  the  object  will  be 
erect  through  the  concave  eye-glass. 

The  peculiar  artifice  of  this  glass  is  to  view  a  person 
St  a  small  distance,  so  that  no  one  shall  know  who  is  ob- 
served ;  for  the  instrument  points  to  a  diRereut  object  from 
that  whidi  is  viewed  ;  and  as  there  is  a  hole  on  each  side, 
it  is  impossible  to  know  on  which  hand  the  abject  is  si- 
tuated, which  you  are  viewing. 

OPHIUCUS,  a  constellation  of  the  northern  hemi- 
sphere; called  also  Serpentarius. 

OPPOSITE  Angia,  or  Vertical  Angles, 
are  thoie  opposite  to  each  other,  made  by 
two  inteitecting  lines ;  as  a  and  b,  or  c 
— The  oppositeangles  are  equal  to  each  other. 

Ofpohitb  Conc$,  denote  two  similar  cones 
vertically  opposite,  having  the  same  common 
vertex  and  axifi,  and  the  same  sides  pro- 
duced ;  as  the  cones  a  and  B. 

Oppositb  Seciioru,  or  Hyperbolat,  are 
those  made  by  cutting  the  opposite  cones 
by  the  same  plane ;  as  the  hyperbolas  c 
and  D. — These  are  always  equal  and  simi- 
lar, and  have  the  same  transverse  axis  ef, 
as  also  the  same  conjugate  axis. 

OPPOSITION^,  is  that  aspect  or  situa- 
tion of  two  planets  or  stars,  when  they  are 
diametrically  opposite  to    each   ouier; 


being  160%  or  a  semi-circle  apart ;  and  marked  thus  S  • 
-^I'hc  mbon  is  in  opposition  to  the  sun  when  she  is  at  the 
full. 

OPTIC,  or  Optical,  something  that  relates  to  vision, 
or  the  sen-e  of  seeing,  or  thr  science  of  optics. 

Optic  Ai^lt.     See  Angle. 

Optic  AxU.     See  Axis. 

Optic  C/tamhcr.     See  Caheua  Obtcura. 

Optic  Glaues,  are  gla.sses  ground  cither  concave  or 
convex  ;  so  as  either  to  collect  or  disperse  tiie  rajs  of 
light  i  by  t«hich  means  vision  is  improved,  and  the  eye 
strengthened,  preserved,  &c- — Among  these,  the  principal 
are  spectacles,  reading  glasses,  telescopcn,  microscopes, 
magic  lanterns,  &c. 

Optic  Inequality,  in  Astronomy,  is  an  appareni  irregu- 
larity in  the  motions  of  very  diitant  bodies ;  so  called,  be- 
cause it  is  not  really  in  the  moving  bodies,  but  aribing  from 
the  situation  of  the  observer's  eye.  For  if  the  eye  were 
in  the  centre,  it  would  always  see  the  motions  as  they 
really  are. 

The  optic  inequality  may  be  thus 
illustrated.  Suppose  a  body  revolving 
with  a  real  uniform  motion,  in  the 
periphery  of  a  circle  abd  &c  ;  and 
suppose  the  eye  in  the  plane  of  the 
same  circle,  hut  at  a  distance  from  it, 
viewing  the  motion  of  the  body  from 
o.  Now  when  the  body  goes  from  A 
to  Bi  its  apparent  motion  is  measured 
by  the  aogtc  aob  or  the  arch  or  line 
HL,  which  it  will  appear  to  describe. 
But  while  it  moves  through  the  arch  bd  in  an  equal  lime, 
its  apparent  motion  will  be  determined  by  the  angle  boi>, 
or  the  arch  or  line  lu,  which  is  less  than  the,former  ih. 
But  it  spends  the  same  time  in  describing  d£,  as  it  does  in 
AB  or  BD ;  during  all  which  time  of  describing  de  it  ap- 
pears stationary  in  the  point  M.  When  it  really  describes 
EFOiQ,  it  will  appear  to  pass  over  hlhkk  ;  so  that  it  will 
seem  to  have  gone  retrograde.  And  lastly,  from  q  to  p  it 
will  again  appear  stationary  in  the  point  K. 

Optic  Nenet,  the  second  pair  of  nerves,  springing  from 
the  crura  of  the  medulla  oblongata,  and  passing  thence 
to  the  eye.  These  are  covered  with  two  coats,  which  the^ 
take  from  the  dura  and  pia  mater;  and  which,  by  their 
expansions,  form  the  two  membranes  of  the  eye,  called 
the  uvea  and  cornea.  And  the  retina,  which  is  a  third 
membrane,  and  the  immediate  organ  of  sight,  is  only  an 
expansion  of  the  fibrous,  or  inner,  and  meduU&ry  part  of 
these  nerves. 

Optic  Pmeil.     See  Pbncil  <tfRay». 

Optic  Pyramid,  in  Perspective,  is  the  pyramid  abco, 
vhose  base  is  the  visible  object  abc,  and  the  vertex  is  in 
the  eye  at  o  i    being  formed  by  rays  drawn  from  the 
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seferal  points  of  ibe  perimeter  (o  the  eye.    Hence  may  mon  phenomena  of  rerniction. '  We  find  many  qucsliont 

oppe&T  what  is  meant  by  optic  triangle.  concerning  lucb  opticaj  appi-arancca  in  Aristotle.     This 

Optic  Place,  of  a  «tar,  &c,  is  that  point  or  part  of  its  author  wb:i  aUo  sensible,  that  it  is  the  reSectiun  of  light 

orbit,  which  is  determined  by  our  liight,  when  the  star  ia  from  the  atmosphere  which  prevents  total  darkness  alter 

seen  there.     This  is  either  true  or  appnn-nt ;  true  when  the  tun  sets,  and  in  places  whert;  he  does  not  shine  in  the 

(he  observer's  eye  is  supposed  to  be  at  the  centre  of  the  day-lime.     Ha  was  also  <i(  opinion,  that  rainbows,  balos, 

motion  J  or  apparent,  when  his  eye  is  at  the  circumference  and  mock  suns,  were  all  occasioned  by  the  reflection  of 

of  the  earth.     See  also  Place.  the  sunbeams  in  different  circumstances,  by  which  an  im- 

Optic 'Zayt,  particularly  means  those  by  which  an  perfect  imuge  of  his  body  was  produced,  the  colour  only 

optic  pyramid,  or  optic  triangle,  is  tenninated.     As  oa,  being  exhibited,  and  not  his  proper  tiguie. 
on,  oc,  &CC.  The  ancients  were  not  only  acquainted  with  the  more 

OPTICIAN,  a  person  skilled  in  optics.  ordinary  appearances  of  refraction,  but  knew  also  the  pro- 

OPTICS,  the  science  of  vision  ;  including  Catoptrics,  duction  ol  colours  by  refracted  light.     Seneca  says,  that 

and  Dioptrics ;  and  even  Perspective ;  as  also  the  whole  when  the  light  of  the  sun  shines  through  an  angular  piece 


doctrine  of  light  and  colours,  and  all  the  phi 
visible  objects. 

Optics,  in  its  more  extensive  acceptation,  is  a  mixed 
mathematicalscience;  which  explains  the  manner  in  which 
vision  is  performed  in  the  eye;  treats  of  sight  in  general ; 
gives  the  reasons  of  the  several  modifications  or  alterations, 
which  (he  rays  .of  light  undergo  in  the  eye;  and  shows 
why  objects  appear  sometimes  greater,  sometimes  smaller, 
aometimcs  more  distinct,  sometimes  more  confus^,  some- 
limes  nearer  and  sometimes  more  remote.  -  In  this  ex- 
tensive signilication  it  is  considered  by  Newlon,  in  his  ex- 
cellent witrk  on  this  science.  Indeed  optics  makes  a  con- 
siderable branch  ol'iia[ur:il  philo-iophy ;  both  as  it  explains 
the  laws  of  nature,  uccurding.to  which  vision  is  perform- 
it  accounts  for  a  variety  of  physical  pheito- 
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ill  the  colours  of  the  rainbow. 
wever,  he  says,  are  false,  such  as  are  seen  in  a 
:ck  when  it  changes  its  position^  and  of  (be 
same  nature  he  says  is  a  speculum,  which,  without  having 
any  colour  of  its  own,  assumes  that  of  any  othur  body, 
it  appears  also,  that  the  ancients  were  not  unacquainted 
with  the  magnifying  power  of  glats  globes  filled  with 
water,  (bough  it  docs  not  appear  (hut  tbey  knew  any  thing 
of  the  reason  of  this  power  :  and  it  is  supposed  that  the 
ancient  engravers  made  u&e  of  a  glass  globe  filled  with 
water  to  magnify  their  figures,  that  they  might  work  to 
more  advantage. 

Ptolemy,  about  the  middle  of  the  second  century,  wrote 
a  considerable  treatise  on  optics.  The  work  is  lost ;  but 
from  ihe  accounts  given  of  it  by  others,  it  appears  that 
he  there  treated  of  astronomical  refractions.  The  first 
astronomers  were  not  aware  that  the  intervals  between 
stars  appear  less  when  near  the  horizon  than  in  the  meri- 
dian; and  on  this  account  they  must  have  been  much 
he  ancients;  embarrassed  in  their  observations ;  but  it  is  evident  that 
to  them,  for  among     Ptolemy  whs  aware  of  this  circumstance  by  the  cauiioD 


The  principal  auikori  and  discneritt  m  OpHa,  are  the 
following: — Euclid  seems   to   be  the  earliest  author  on 
optics  that  we  have.     He  composed  a  treatise  on  opti 
and  catoptrics;  dinptrici  beingli 
though   it  was  not  entirely  unki 

the  phenomena,  at  the  beginning  of  that  work,  Euclid  which  he  gives  to  allow  something  for  it,  whenever  re- 
remarks  the  effect  of  bringing  an  object  into  view,  by  re-  course  is  had  to  ancient  observations.  This  philosopher 
fraction,  in  ttie  bottoMi  of  a  vessel,  by  pouring  water  Into  also  advances  a  very  sensible  hypothesis  to  account  for 
it,  which  could  not  be  seen  over  ibe  edge  of  tlie  vessel,  the  remarkably  great  apparent  site  of  the  sun  and  moon 
e  the  water  was  poured  in ;  and  other  authors  speak     when  seen  near  the  horiion.     The  mind,  be  sfys,  judge* 


of  the  then  known  effects  of  glass  globes  &c,  both  as  bun 
■ng  glasses,  and  as  (o  bodies  seen  through  them.  Euclid's 
work  however  is  chiefly  on  catoptrics,  or  reflected  rays; 
in  which  he  shows,  in  31  propositions,  the  chief  properties 
<]f  them,  both  in  plane,  convex,  and  concave  surfaces,  in 
Jiis  usual  geometrical  n 

ceming  the  equality  of  the  angles  of  incidence  and  re- 
flection, which  ha  demonstrates ;  and,  in  the  laM  propo- ' 
sition,  showing  the  effect  of  a  concave  speculum,  as  a 
burning  glass,  when  exposed  to  the  rays  of  the  sun.  The 
effects  of  burning  glasses,  both  by  refraction  and  reflec- 
tion, are  noticed  by  several  others  of  the  ancients  ;  arul 
it  is  probahlo  that  the  Romans  had  a  method  of  lighting 
their  sacred  fire  by  some  such  means.  Aristophanes,  in 
one  of  his  comedies,  introduces  a  person  as  making  use  of 
aglobe  filled  with  water  to  cancel  a  Irand  that  was  against 
bim,  by  thus  melting  the  wax  of  the  seal.  And  if  we  give 
but  a  small  degree  of  credit  to  what  some  ancient  his- 
torians are  said  to  have  written  concerning  the  explmis 
of  Archimedes,  we  shall  be  induced  to  tliinlc  that  be  con- 
structed some  very  powerftil  burning  mirrors.  It  is  s*id 
that  this  eminent  geometrician  wrote  a  treatise  on  the  sub- 
ject of  them,  though  it  be  not  now  extant;  as  also  con- 
cerning the  appearance  of  a  ring  or  circle  under  water, 
and  therefore  could  not  'h<ve  been  ignorant  of  the  cum- 


of  the  size  of  objects  by-  means  of  a  preconceived  idea  of 
their  distance  from  us:  and  this  distance  is  fancied  to  b« 
greater  when  a  number  of  objects  are  interposed  hetweeu 
the  eye  and  the  body  we  are  viewing  :  which  is  the  case 
when  we  see  the  heavenly  bodies  near  the  hoiison.  In  hit 
;  beginning  with  that  con-  Almagest,  however,  lie  ascribes  this  appoarancc  to  a  re- 
fraction of  the  rays  by  vapours,  which  actually  enlai^c 
the  angle  under  which  the  luminaries  appear;  just  as  the 
angle  is  enlarged  by  which  an  object  is  seen  from  under 
water. 

Alhaiun,  an  Arabian  writer,  n-as  the  next  author  of  any 
celebrity,  and  wrote  ab<mt  the  year  1100.  Alhazen 
made  many  experiments  on  refraction,  at  the  surface  be- 
tween air  and  water,  air  and  glass,  and  water  and  glass; 
and  hence  he  deduced  several  pr»)perties  of  atmospherical 
refraction  ;  such  as  "  tha(  it  increases  the  altitudes  of  all 
objects  in  the  heavens;"  and  he  iiist  advanced  that  the 
stars  are  sometjmes  seen  above  the  horizon  by  means  of 
refraction,  when  they  are  rially  below  it;  which  obser- 
vation was  conrirhicti  by  -Vitello,  Walther,  and  especially 
by  the  obscrvationi  of  Tycbo  Brahe.  Alhacen  observed, 
that  refraction  contracts  the  diameters  and  distances  of 
the  heavenly  bodies,  and  that  it  is  (he  cause  of  the  twink- 
ling of  tho  stars.  This  refractive  power  lie  ascribed,  not 
to  the  vapours  contained  in  the  air,  but  to  its  difieccst 
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degren  of  trant|>arency.  And  it  was  fail  opinion,  thnt 
so  lur  from  vapour  being  (be  cause  of  (he  heavenly 
bodK'i  appearing  larger  iit-ar  the  horizon,  that  it  would 
make  tbem  appear  less;  observing  that  two  stars  appear 
nearer  together  in  the-horison,  than  near  the  meriilinn. 
This  phenomenon  he  ranks  amnn^  optical  deceptiuns.  We 
judge  of  distance,  he  sap,  by  comparing  the  angle  under 
which  objects  appear,  with  their  supposed  distance;  to 
that  if  these  angles  be  nearly  equal,  and  the  distance  of 
ong  object  be  conceived  greater  than  that  of  the  other, 
this  wil[  be  imagined  to  be  larger.  And  he  further  oh- 
.  lerres,  that  the  sky  near  the  horizon  is  always  imagined 
to  be  farther  from  tis  than  any  other  part  of  the  concave 

In  the  writings  of  Alhazcn,  we  also  find  the  Grtt  distinct 
account  of  the  magnifying  power  of  glasses  ;  and  it  is  not 
improbable  that  his  wriiingi  on  this  head  gave  rise  to  the 
,  useful  invention  of  spectacles  :  for  he  says,  that  ifao  ob- 
ject be  applied  close  to  the  base  of  the  larger  segment  of  a 
sphere  of  glass,  it  will  appear  magnified.  He  also  ttcats 
of  the  appearance  of  an  object  through  a  globe,  and  says 
that  he  was  the  first  who  observed  the  refraction  of  rays 
into  it. 

In  1370,  Vitello,  a  native  of  Poland,  published  a  treatise 
on  optics,  containing  alt  that  was  valuable  in  Alhazen,  and 
digested  in  a  better  manner.  He  observes,  that  light  is 
always  lost  by  refraction,  which  makes  objects  appear 
lets  luminous.  He  gave  a  table  of  the  resiilu  of  bis  expe- 
riments on  the  refractive  powers  of  air,  water,  end  glass, 
corresponding  to  different  angles  of  incidence.  He  ascribes 
the  twinkling  of  the  stars  to  the  molinn  of  the  air  in  which 
the  light  is  refracted  ;  and  he  illustrates  this  hypothesis, 
by  observing  tbat  they  twinkle  still  more  when  viewed  in 
water  put  in  motion,  lie  also  shows,  that  refraction  is 
neceasary,  as  well  as  reflection,  to  form  the  rainbow  ;  be- 
cause the  body  which  the  rays  fall  upon  is  a  transparent 
substance,  at  the  surface  of  which  one  part  of  the  light  is 
always  reflected,  and  another  refracted.  And  he  makes 
some  ingenious  attempts  to  explain  refraction,  or  to  ascer- 
tain the  law  of  it.  He  also  considers  the  foci  of  glass 
spheres,  and  the  apparent  size  of  objects  seen  through 
tbem  ;  though  with  hut  little  accuracy.  To  Vitello  nay 
be  traced  the  idea  of  seeing  images  in  the  air.  He  en- 
deavours to  show,  that  it  is  possible,  by  means  of  a  cylin- 
drical convex  speculum,  to  see  the  images  of  objects  in 
the  air,  out  of  the  speculum,  when  the  objects  themselves 
cannot  be  seen. — The  Optics  of  Alhazen  and  Vitello  were 
published  at  Basil  in  1572,  by  Fred.  Risncr. 

Contemporary  with  Vitello,  was  Roger  Bacon,  a  man 
of  very  extensive  genius,  who  wrote  upon  almost  every 
branch  of  science;  though  it  is  thought  liis  improvements 
in  optics  were  not  carried  far  beyond  those  of  Albazen  and' 
Vitello.  He  even  assents  to  the  absurd  notion,  held  by 
all  pliilosopben  down  to  his  time,  (hat  visible  rays  pro- 
ceed from  the  eye,  instead  of  towards  it.  From  many 
stories  related  of  iiim  however,  it  would  seem,  that  he 
made  greater  improvements  thun  appear  in  his  writings. 
It  is  said  be  had  the  use  of  spectacles ;  ttiat  he  had  con- 
trivances, by  reflection  from  glasses,  to  see  what  was 
doing  at  a  great  distance,  as  in  an  enemy's  camp.  And 
lord  chancellor  Bacon  relates  a  story,  of  his  having  ap- 
parently walked  in  the  air  between  two  steeples,  and 
which  he  supposed  was  effected  by  i-eflection  from 
glasses,  while  he  walked  upon  (he  ground.  See  the  ar> 
tide  Bacok. 


About  1279  "»>  written  >  tn>atise  on  optics  by  PeccuD, 
archbishop  ol  Oanierbuiy. 

One  of  the  next  who  distinguished  himself  as  a  theore- 
tical optician,  was  Maurolye,  teacher  <if  ibatbemstics  at 
Messina.  In  a  treali!«  De  Luinine  et  Umbra,  published 
in  IS75,  he  demonstrates,  that  the  crystalline  humour  of 
the  eye  is  a  lens  that  collects  the  rays  uf  light  issuing  from 
the  objects,  and  throws  them  upon  the  retina,  where  the 
focus  of  each  pencil  is  situated.  From  this  principle  he 
discovered  (be  reason  why  some  people  are  short-sigbted, 
and  others  loag-tighted  ;  also  why  the  former  are  relieved 
by  concave  glasses,  and  the  others  by  convex  ones. 

Contemporary  with  Maurolye,  wasJohn  Baptista Porta, 
of  Naples.  Ke  discovered  the  camera  obscura,  which 
throws  considerable  light  on  tbe  nature  of  vision.  Ilii 
house  was  the  constant  resort  of  all  the  ingenious  persona 
at  Naples,  whom  he  formed  into  what  he  called  An  Aca- 
demy of  Secrets ;  each  member  being  obliged  to  contribute 
something  tbat  was  not  gtnerally  known,  and  might  be, 
useful.  By  this  means  he  was  furnished  with  materials 
for  his  Magia  Naturalis,  which  contains  his  account  of 
tbe  camera  obscura,  and  the  first  edition  of  which  was 
published,  as  be  informs  us,  wben  he  was  not  quite  Ij 
3rears  old.  He  also  gave  tbe  first  hint  of  the  magician- 
tern;  which  Kircher  afterwards  foTiowed  and  improved. 
His  ekpcrimcnls  with  the  camera  obscura  convinced  him, 
that  vision  is  performed  by  the  intromission  of  sometbiug 
into  the  eye,  and  not  by  visual  rays  proceeding  from  it, 
81  had  been  formerly  imagined  ;  and  he  was  the  first  who 
fully  sBtistied  himself  and  others  on  this  subject  He 
jusiiy  considered  the  eye  as  a  camera  obscura,  and  the 
pupil  the  hole  in  the  window-shutier;  but  he  was  mis- 
takeninsupposing  (hat  the  crystalline  humour  corresponds 
to  the  wall  which  receives  lie  images ;  nor  was  it  disco- 
vered till  the  year  1604,  that  this  office  is  performed  by 
the  retina.  He  made  a  variety  of  just  remarks  concerning 
vision  ;  and  particularly  explained  several  cases  in  which 
we  imagine  things  to  be  without  tbe  eye,  when  the  ap- 
pearance* are  occasioned  by  some  affection  of  (he  eye 
itself,  or  by  some  motion  within  the  eye, — He  remarked 
also  that,  in  certain  circumstances,  vision  will  be  assisted 
by  convex  or  concave  glasses ;  and  be  seems  even  to  have 
made  some  small  advances  towards  the  discovery  of  te- 

Other  lieatiies  on  optics,  with  various  and  gradual  im> 
provcmen(s,  were  afterwards  successively  published  by 
several  authors:  as  Aguilon,  Opticoruni  lihr.  <J,  Aniv. 
1613 :  L'Optique,  Catoplrique,  el  Dioptrique  of  Hcrigone, 
in  his  Cursus  Math.  Paris  ]637  :  the  Dioptrics  of  D«. 
cartes,  l637;  L'Optique  ct  Caloptrique  of  Mersenne, 
Paris  1651 :  Scheiner,  Optica,  ijond.l65t:  Mancjiini' 
Oioptrica  Practica,  Bologna,  166O:  Barrow,  Lcctiooes 
Optica,  London  16C>3:  .'nmes  Gregory,  Optica  Promoia 
Lond.  1663  :  Griinaldi,  Pbysico-mathesis  de  Lumine,  cJ- 
loribos,  et  Iridc,  liononia,  1665:  Scaphuaa,  Cogiiatione* 
Physico-mechnnicK  dc  Natura  Visionis,  HeidH.  I67O: 
Kircher,  Ars  Magjia  Lucia  et  Umbra,  Rome  1671;- Chfr 
ruhin,  DioptriqueOculuire.  Paris  1671:  Leibnitz,  Prin- 
cipe  Generale  de  I'Oplique,  Leipsic  Acts  1683 :  Newton'a 
Optics  and  Lectiones  Opticae,  4to  and  8vo,  170i  Sec 
Slolyncux,  Dioptrics,  Loud.  I652 :  Dr.  Jurin's  Theory  of 
Distinct  and  Indistinct  Vi^im. — There  is  also  a  large  and  ■ 
e;iccllent  work  on  optics,  by  Dr.  Smiihi  2  vols  4io  ;  and 
an  elaborate  history  of  the  present  state  of  discoveries  re- 
lating to  vision,  light,  and  colours,  by  Dr.  PrJmlcy,  4to 
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1772 ;  vitb  k  multitude  of  utber  authors  of  inferior  note ;  the  pl&ne  of  the  orbit  of  every  other  planet^  in  a  right  line 
besides  lesser  and  occasional  tracts  and  papenin  the  Me-  which  paues  through  the  tun,  called  ihe  lincof  the  iiodei, 
moin  of  the  several  learned  Academies  and  Societies  of  and  the  points  of  intereection  of  the  orbits  themselves  are 
Europe;    with   improvements    by  many    other   persons,     called  the  aodca. 

among  whom  are  the  respectable  names  of  Snell,  Fermat,  The  mean  seraidiameters  of  the  several  orbits,  or  the 
Kepler,  Huygeris,  Hortensius,  Boyle,  Ho^ke,  Lahire,  Low-  mean  distances  of  the  planets  from  the  sun,  with  the  ex- 
thorp,  Cassini,  Halley,  Delisle,  Kuler,  Dollond,  Clairsut,  centricJties  of  the  orbits,  their  inclination  to  tbe  ecliptic, 
Dalembert,  Zciher,  Bouguer,  BuCTon,  Nollct,  Baume;  but  and  Che  places  of  their  nodes,  are  as  in  the  following  table; 
the  particular  improvements  by  each  author  must  be  re-  where  the  ad  column  contains  the  proportions  of  scmidia- 
ferred  to  the  history  of  bis  life,  under  the  articles  of  their  meters  of  the  orbits,  the  true  seraidiameier  of  that  of  the 
names;  while  tbe  history  and  improvements  of  the  several  earth  being  <J5  millions  of  miles;  and  the  3d  column  shows 
branches  are  to  be  found  under  the  various  particular  what  part  of  the  semidiamcters  the  excentri cities  are 
articles,  as,  light,  Colours,  Rcfleetion,  Refraction,  Inflec-  equal  to. 
tion,  .Transmission,  &c.  Spectacles,  Telescope,  Micro- 
scope, &c,  &c. 

ORB,  a  spherical  shell,  hollow  sphere,  or  space  coo- 
tained  between  two  concentric  spherical  surfaci-s. — The 
ancient  astronomers  conceived  the  heavens  as  consisting 
of  several  vast  azure  transparent  orbs  or  spheres,  inclosing 
one  another,  aiiil  including  the  bodies  of  the  planets. 

The  Orbis  Magnui,  or  Great  Orb,  is  that  in  which 
the  sun  is  supposed  til  revolve;  or  rather  it  is  that  in  which 
tbe  earth  makes  its  annual  circuit. 

ORBIT,  is  the  path  of  a  planet  or  comet ;  being  the 
curve  line  described  by  its  centre,  in  its  proper  motion  in 
the  heavens.     So  the  earth's  orbit,  is  the  ecliptic,  or  the 
curve  it  describes  in  its  annual  revolution  about  the  sun, 
Tho  anciL-nt  astronomers  made  the  planets  describe  cir- 
cular orbits,  with  a  uniform  velocity.     Copernicus  him-         The  orbits  of  comets  are  also  very  excentric  ellipses, 
•elf  could  not  believe  they  should  do  otherwise;  bdng         ORDER,  in  Architecture,  a  system  of  the  several  mem- 
unablc  to  disentangle  himsdf  entirely  from  the  excen  tries     bers,  ornamenis,  and  proportions  of  columns  and  pilasters, 
and  epicycles  to  which  they  had  recourse,  to  account  for     or  a  regular  arrangement  of  the  projecting  parts  of  a  build- 
the  inequalities  in  their  motions.  ing,  especially  the  column,  so  as  to  form  one  beautiful 

But  Kepler  found,  from  observations,  that  theorbit  of  tbe     whole. 
earth,andthBtofeveryprimary  planet, isanellipsis,  having         There  are  five  orders  of  columns,  of  which  three  are 
the  sun  in  one  of  its  foci ;  and  that  they  all  move  in  these     Greek,  viz,  the  Doric,  Ionic,  and  Corinthian ;  and  two 
ellipses  by  this  law,  that  a  railius  drawn  from  the  centre     Italic,  viz,  the  Tuscan  and  Composite.     The  three  Greek 
of  the  sun  to  the  centre  of  the  planet,  always  describes     orders  represent  the  three  different  manners  of  buildin 
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equal  areas  in  equal  times ;  or,  which  is  tbe  same  Ihing, 
in  uncqu&l  times,  it  describes  areas  that  are  proportional 
10  those  times.  Aud  Newton  has  siuce  demonstrated,  from 
the  imturc  of  universal  gravitation  and  projectile  motion, 
that  the  orbits  must  of  necessity  be  ellipses,  and  the  mo- 
tions are  found  to^observe  that  taw,  both  of  tbe  primary 
and  secondary  planets  ;  excepting  in  so  far  as  their  mo- 
tions and  paths  are  disturbed  by  their  mutual  actions  on 
one  another ;  as  tbe  orbit  of  tbe  earth  by  that  of  the  moon  ; 
or  that  of  Saturn  by  the  action  of  Jupiter;  &c: 

Of  these  elliptic  orbits,  there  have  been  two  kinds  as- 
signed ;  the  first  that  of  Kepk'r  and  Newton,  which  is  tbe 
common  or  conical  ellipse;  for  which  Seth  Ward,  though 
he  himself  employs  it,  thinks  we  might  vi-ntitrc  to  substi- 
tute circular  orbits,  by  uung  two  points,  taken  at  equal  circli 
distances  from  tbe  centre,  on  one  of  the  diameters,  us  is  order  w  uncs;  ano  so  on. 
done  in  the  foci  of  the  ellipsis,  and  which  is  called  his  Cir-  Or,  tite  orders  of  tines  arc  denominated  from  the  num. 
cular  Hypothesis.  The  second  is  that  of  Cassini,  of  this  ber  of  points  in  which  they  may  be  cut  by  a  right  line, 
nature,  viz,  that  the  products  of  the  two  lines  drawn  from  Thus,  the  right  line  is  of  the  1st  order,  because  it  can  h^ 
the  two  foci,  to  any  point  in  the  circumference,  are  every;  cut  only  in  one  point  by  a  right  line ;  the  circle  and  conic 
where  equal  to  the  same  constant  quantity ;  whereas,  in  sections  are  of  the  Sd  order,  because  they  can  be  cut  in 
the  common  ellipse,  it  is  tlve  sum  of  those  two  tine;  that  two  points  by  a  right  line;  while  those  of  the  3d  order, 
is  always  a  constant  quantity.  are  such  as  can  be  cut  in  three  points  by  a  right  line ;  and 

The  orbits  of  the  planets  are  not  alt  in  the  same  plane    so  on. 
with  the  ecliptic,  which  is  the  earth's  orbit  round  the  sun,         Iris  to  be  observed,  that  the  order  of  curves  is  al  ways 
but  arc  variously  inclined  lo  it,  and  to  each  other:  but     onedegree  lower  than  the  corresponding  line;  1>ecause  the 
still  the  plane  of  the  ecliptic,  or  earth's  orbit,  intersects    1st  order,  or  right  line,  is  im  curve;  and  the  circle  and 
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the  solid,  the  delicate,  and  tbe  middling: 
Italic  ones  are  imperfect  productions  of  these. 

Ordee,  in  Astronomy.  A  planet  is  said  to  move  ac- 
cording to  the  order  of  the  sjgns,  when  it  is  direct ;  pro- 
ceeding from  Aries  to  Taurus,  thence  to  Gemini,  &c.  As, 
on  tbe  contrary,  its  moiibn  is  contrary  to  tbe  order  of  the 
signs,  when  it  is  retrograde,  or  goes  backward,  from  Pisces 
to  Aquarius,  &c. 

Ordeii,  in  the  Geometry  of  Curve  Lines,  is  denomi* 
naled  from  the  rank  or  order  of  the  equation  by  which  the 
geometrical  line  is  expressed  ;  so,  the  simple  equation,  or 
1st  power,  denotes  tbe  1st  order  of  lines,  which  is  the 
right  line ;  the  quadratic  equation,  Or  2d  power,  deSnes 
the  Sd  order  of  lines,  which  are  the  conic  sections  and 
the  cubic  equation,  or  3d  power,  defines  the  3d 
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\  convinced  that  there  could  not  be 
between  it  and  any  neighbouring 
incensed,  or  pretended 
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conic  tections,  which  are  the' 3d  order  of  lines,  are  only  the  maohine,  and  ii 
the  1st  order  of  cnrvea;  &c.  Sec  CtrnTES  and  Lines,  any  cominunicalid 
Also  Newton's  Enumeratio  Lineariim  Tertii  Ordinig.  room.     Orffyrcus 

'  ORDINATES,  in  the  Geometry  of  Curve  Lines,  are  to  be  so,  that  be  broke  the  machine  in  pieces,  auii  wrote 
right  lines  drawn  parallel  to  each  other,  and  cutting  the  on  the  wall,  that  rt  was  tbe  impertinent  curiosity  of  pro- 
curve  in  a  certain  number  of  points.  fcssar  Gravesande  which  made  him  take  this  sti'p.  The 
The  parallel  ordinatcB  are  usually  all  cat  by  tome  other  prince  of  Hc^se,  who  had  seen  the  interiui'  parts  of  this 
line,  which  is  called  the  absciss,  and  commonly  the  or-  '  '  '  .  .  .  ^ 
dinates  are  perpendicular  to  the  absdssal  line.  When 
this  line  is  a  diameter  of  the  curve,  the  property  of  (he 
ordinalesis  then  the  raost  remarkable ; 'for,  in  the  curves 
of  the  first  kind,  or  the  conic  sections  and  circle,  the  ordi- 
nate! are  all  bisected  by  the  diameter,  making  the  part  on 
one  side  of  it  equal  to  the  part  on  the  other ;  and  in  the 

curvet  of  the  Sd  order,  which  may  be  cut  by  an  ordinate     of  them  on  a  plane,  by 
in  three  points,   then    the  three  parts  of  the  ordinate,     roonly  by  a  continued 


wheel,  but  sworn  to  secrecy,  being  asked  by  Gravesande, 
whether,  after  it  had  been  in  motion  for  some  time,  there 
was  any  change  observable  in  it,  and  whether  il  contained 
any  pieces  that  indicHled  fraud  or  deception,  answered 
both  question*  in  the  negative,  and  declared  that  the  ma- 
chine was  of  a  very  simple  construction. 

ORGANiCAL  Dexriptim  qf  Curve),  is  the  description 
''  '  '  f  instfumctits,  and  com- 

The  most  simple  con- 
lying  between  these  three  intersections  of  the  curve  and  siruction  of  this  kind,  is  that  of  a  circle  by  means  of  a 
the  intersection  with  the  diameter,  have  the  part  on  one  pair  of  compasses.  The  next  is  that  of  an  ellipse  by 
side  the  diameter  equal  to  both  the  two  parts  on  the  other  means  of  a  thread  and  two  pins  in  the  foci,  or  the  ellipse 
side  of  it.  And  so  for  curves  of  any  order,  whatever  the  and  hyperbola,  by  means  of  the  ellipiiciil  and  hyperbolic 
number  of  intersections  may  be,  the  sum  of  the  parts  of  compasses.  A  great  variety  of  descriptions' of  this  sort 
any  ordinate,  on  one  side  of  the  diameter,  being  in  all  are  to  be  found  in  Schooten  De  Organica  Conic.  Sect  in 
cases  equal  to  the  sura  of  the  parts  on  the  other  side  Piano  Descriptionc;  in  Newton's  Arilhmetica  Universalis, 
of  it.  '  De  Cur  varum  Deicriptione  Orgnnica ;  Maclaurin's  Geo- 

The  use  of  ordinates  in  a  curve,  and  their  abscisses,  is     metria  Organica;    Bracken  ridge's   Descriptio    Linearunt 
to  define  or  express  the  nature  of  the  curVc,  hy  means  of    Curvam'm  ;  &c. 

the  general  relation  or  equation  between  them;  and  the  OKGU^5,ocOaoAiia,  in  Fortification, long  and  thick 
greatestnutnber  of  factors,  or  the  dimensions  of  the  highest  pieces  of  wood,  shod  with  pointed  iron,  and  hung  each  by 
term,  iu  such  equation,  is  always  the  sanic  as  the  order  of  a  separate  rope  over  the  gate-way  of  a  town,  ready  on  any 
the  line  ;  that  equation  being  a  quadratic,'or  its  highest  surprise  or  attempt  of  the  eneniy  to  be  let  down  to  atop  up 
term  of  two  dimensions,  in  the  linra  of  the  2d  urdo*,  being  the  gate.  The  ends  of  the  several  ropes  are  wound  about 
the  circle  and  conic  sections  ;  and  a  cubic  equation,  or  a  windlass,  so  as  to  be  let  down  all  [iigetber. 
its  highest  term  containing  3  dimeiisions,  in  the  lines  of  Oroites  Is  also  used  for  a  machine  composed  of  so- 
the  3d  order  ;  and  so  on.  veral  harquebusses  or  musket- barrels,  bound  tugether; 


n  ordinate  BC^and 
e,  4c,  given 


Thus,  J  denoting  B] 
T  its  absciss  A  B ; 
'  quantities :  then; 
the  general  equation  for  the  lines  of  the 
Jd  orderj  and  xy*  —  ey  =  ax'  ■+■  6j* 
■t-  ex  +  dii  the  equation  for  (he  lines 
of  the  3d  order;  and  so  on. 

ORDNANCE,  are  all  sorts  of  great 
guns,  used  in  war;  such  as  cannons, 
mortars,  howitzers,  &c. 

ORFFYREUS's  Wheel,  in  Mechanics,  is  a  machine  so 
colled  from  its  inventor,  which  he  asserted  to  be  a  per- 
petual motion.  This  machine,  according  to  ihc  account 
given  of  it  by  Gravesande,  in  his  (Euvres  Philosophiques, 
published  by  Allemand,  Amst,  1774.  consisted  externally  dians,  5tc, 
of  a  large  circular  wheel,  or  rather  drum,  12  feet  in  ORILLON,  in  Fortification,  a  small  rounding  of  earth, 
diameter,  and  J4  inches  deep;  being  very  light,  as  it  was  lined  with  await,  raised  on  the  shoulder  of  those  bastions 
formed  of  an  assemblage  of  deals,  having  the  intervals  be-  that  have  casemates,  to  cover  the  cannon  in  the  retired 
twecn  them  covered  with  waxed  cloth,  to  conceal  the  flank,  and  prevent  their  being  dismounted  by  iheeneniy. — 
interior  parts  of  it.  The  two  extremities  of  an  iron  axis.  There  are  otlier  sorts  of  urillons,  properly  called  epuulc- 
on  which  it  turned,  rested  on  two  supports..  On  giving  a  ments,  or  shouldering^,  which  are  almost  of  a  squaie 
slight  impulse  to  the  wheel,  in  either  direction,  its  motion    figui 

IS  gradually  accelerated  ;  so  that  after  two  or  three  r«-         " 


>  make  several  cxplosioivs  at  the  same  time.     They  ara 
used  to  defend  breaches  and  other  places  attacked. 

ORIENT,  the  east,  or  eastern  point  of  the  horizon.  . 

Orient  Equinoctial,  is  used  for  that  point  of  the  hori- 
Eon  where  the  sun  rises  when  he  is  in  the  equinoctial,  or 
when  he  enters  the  signs  Aries  and  Ljbra. 

Orient  Mithal,  is  the  point  where  the  sun  rises  in  the 
middle  of  summer,  when  the  dnys  are  longest. 

Orient //yienw/,  is  the  point  where  the  sun  rises  in  the 
middle  of  winter,  when  the  days  are  shortest. 

ORIENTAL,  situated  towards  i,hc  east  with  regard  to 
us :  in  opposition  to  occidental  or  the  west. 

lEKTAL  ^Mrmomy,  PhiltMOphy,   &C,  used  for  those 
of  the  east,  or  of  the  Arabians,  Chaldeans,  Persians,  In- 


volutions it,  acquired  so  great  a  velocity  as  to  make  25 
36  turns  in  a  minute.  This  rapid  inotion  il  actually  pre- 
served during  the  space  of  3  months,  in  a  chamber  of  the 
landgrave  of  Hesse,  the  door  of  which  was  kept  locked, 
and  aeflled  with  the  landgrave's  own  seal.  At  the  eiul  of 
that  time  it  was  stopped,  to  prevent  the  wear  of  the  ma- 
terials.    The  professor,  who  bad  been 


ORION,  a  constellation  of  the  southern  hemisphere, 
with  respect  to  the  ecliptic,  but  half  in  the  northern,  and 
half  on  the  southern' side  of  the  equinoctial,  which  runs 
across  the  middle  of  his  body,  The  rtars  in  this  constel- 
lation are,  38  in  Ptolemy's  catalogue,  42  in  Tycho's,  62  in 
Hevelius's,  and  78  in  Flamsteed's.  But  some  telescopes 
have  discovered  several  thousands  of  stars  in  this  constel- 
of  which  there  are  2  of  the  lir^t  magnitude,  g 


Aete  circumilancea,  examined  all  the  external  parts  of    4  of  the  second,  besides  a  great  many  of  the  third  and 
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fourth.     One  of  those  two  stars  of  the  first  magnitucle  is     Carobden  at  bis  request. — Me  died  at  AntAerjj,  iS9S,  at 
on  the  middle  of  the  left  foot,  and  is  called  Kegel ;  the     71  years  of  age. 


other  is  on  the  right  shoulder,  and  called  Betclguese 
the  4  of  the  second  magnitude,  one  is  on  the  left  shoulder, 
and  called  Bcllatrix,  and  the  other  three  are  in  the  belt, 
lying  nearly  in  a  right  line  and  at  equal  distances  from 
each  other,  forming  what  is  popularly  called  the  Yard- 

This  constellation  is  one  of  the  48  old   asterisms,  and 
one  of  the  most  remarkable  in  the  heavens.     It  is 
,  having  a  sword  by  his  side,  and  see 
1  with  a  club  it 


ORTHODROMICS,  in  Navigation,  is  G«at-circ!c 
sailing,  or  the  art  of  sailing  in  the  arch  of  a  great  circle, 
which  is  the  shortest  course:  for  the  arch  of  a  great  circle 
is  orthodromia,or  the  shortest  distance  between  two poioU 
or  places. 

ORTHOGONIAL,  in  Geometry,  is  the  same  as  rect- 
angular, or  right-angled. — When  the  term  refers  to  a  plans 
the     figure,  it  supposes  one  1^  or  side  to  stand  perpendicular  to 
the  other :  when  spoken  of  solids,  it  stipposes  their  ax«s  to 
tacking  ths  bull  with  a  club  in  his  right  hand,  his  left  hear-     be  perpendicular  to  the  plane  of  the  horizon. 
ing  a  shield.  ORTHOGRAPHIC,  or  OrtbugraPhical  Prt^ccUon 

No  constellation  was  so  terrible  to  the  mariners  of  the  of  the  Sphere,  is  the  projection  of  its  surface  or  of  the 
early  periods,  as  this  of  Orion.  He  is  mentioned  in  this  sphere  on  a  plane,  passing  through  the  middle  of  it,  by  an 
way  by  all  the  Gieck  and  Latin  poets,  and  even  by  their  eye  vertically  at  an  infinite  distance.  See  PkoJectioh. 
historians;  bis  rising  and  setting  being  attended  by  storms  ORTHOGRAPHY;  in  Geometry,  is  the  drawing  or  de- 
and  tempests:  and  as  the  northern  constellations  are  made  lineating  the  ^ont  plan  or  side  of  any  object,  and  of  ex- 
the  followers  of  the  Pleiades;  lo  are  the  southern  ones  made  pressing  the  heights  or  elevations  of  every  part:  being  sa 
the  attendants  of  Orion.         '  called  from  its  delineating  objects  by  perpendicular  right 

The  name  of  this  constelhuion  is  also  met  with  in  Scrip-  lines  falling  on  the  geometrical  plan ;  or  rather,  bccauss 
lure  several  times,  viz,  in  the  books  of  Job,  Amos,  and  all  the  horizontal  lines  are  here  straight  and  parallel,  and 
Isaiah,  In  Job  it  is  asked,  "  Canst  thou  bind  the  sweet  in-  not  oblique  as  in  representations  of  perspective, 
flucnccof  the  Pleiades,  or  loose  the  bands  of  Orion}"  And  Ohthdorapht,  in  Architecture,  is  the  profile  or  cle- 
Amos  says,  "  Seek  him  that  maketh  the  Seven  Stars  and  vation  of  a  building,  showing  all  the  parts  in  their  true 
Orion,  and  tumeth  the  shadow  of  death  into  morning."        proportion.     This  is  either  external  or  internal. 

OKiON'siiiver,  the  same  as  the  constellation  Eridanus.         Er'ima/ Osthooxapht,'  is  a  delineation  of  the  outer 


ORLE,  OftLET,  or  Ohlo,  in  Architecture,  a  fillet 
der  the  ovolo,  or  quarter-round  of  a  capital. — When  it  is 
at  the  top  or  bottom  of  the  shaft,  it  is  called  the  cinctme. 
— Palladio  also  uses  Orlo  for  the  plinth  of  the  bases  of  co- 
lumns and  pedestals 


face  or  front  of  a  building;  showing  the  principal  wall  with 
its  apertures,  roof,  ornaments,  and  every  thing  visible  to  on 
eye  placed  before  the  building.'    And 

/nfenufOsTBOGRAPRT,  c&Ued  also  a  Section,  is  a  de- 
lineation or  draught  of  a  building,  such  as  it  would  appear 


ORRERY,  an  astronomical  machine,  for  exhibiting  the     if  the  external  wall  were  removed, 
various  motions  and  appearances  of  the  sun  and  planets ;        Orthoobaput,  in  Fortification,  is  the  profile,  or  r^ 
e  often  called  a  Planetarium.     The  term  Orrery  ep-    piesentstion  of  a  work;  or  a  draught  so  conducted,  as  that 


plied  to  this  imtrument,  we  are  informed  by  Desagujici 
e  from  the  following  circumstance : — Mr,  Rowley,  a 


mathematical 

George  Graham,  the  original  inventor,  to  be  sent  abroad 
with  some  of  his  own  instruments,  he  copied  it,  and  after- 
wards constructed  one  for  the  earl  of  Orrery,  tiir  Richard 
Steele,  who  knew  nothing  of  Mr.  Graham's  machine,  think- 
ing to  do  justice  to  the  first  cncourager,  as  well  as  to  the 
inventor  of  such  a  curious  instrument,  called  it  an  orrery, 
and  gave  Rowley  the  praise  due  to  Mr,  Graham,  Desagu- 
liers's  Experim.  Philos.vot,  1,  pa.  430.  The  figure  of  this 
grand  orrery  is  exhibited  at  fig.  1,  pi.  34.  It  is  since  made 
in  various  other  figures. 

ORTEIL,  in  Fortification,     See  Berme. 

ORT£LtUS  (Abraham),  a  celebrated  geographer,  was 
Korn  at  Antwerp,  in  1527.  He  was  well  skilled  in  the 
languages  and  mathematics, and  acquired  such  reputation 
by  his  skill  in  geography,  that  be  was  sumamcd  the  Pto- 
lemy of  his  time.  Justus  Lipsius,  and  most  of  the  learned 
men  of  the  l6th  century,  were  our  author's  intimate 
friends.  He  passed  some  time  at  Oxford  in  the  reign  of 
Edward  the  6th;  and  he  visited  England  a  second  time 
in  1577. 

His  Theatrura  Orbis  Terrte  was  the  completest  work  of 
the  kind  that  had  ever  been  published,  and  gained  our  au- 
thor a  reputation  adequate  to  his  immense  labour  in  com- 
piliiig  it.  He  wrote  also  several  other  excellent  geographi- 
cal works;  the  principal  of  which  are,  his  Thesaurus,  and 
his  Synunyma  Geographica. — The  learned  world  is  also 


the  length,  breadth,  height,  and  thickness  of  the  scvorU 
parts  are  expressed,  such  as  they  would  appear  if  it  were 


maker,  having  got  one  from  Mr,     perpendicularly  cut  from  top  to  bottom. 

'        ■     '  -    ■        ■         ORTHooaAPar,inPer!pective, is  the  front  sideofany 

place ;  that  is,  the  side  or  plane  that  lies  parallel  to  a 
straight  line  that  may  be  imagined  to  pass  through  tha 
outward  convex  points  of  the  eyes,  continued  lo  a  conv» 
nient  length. 

ORTI VE,  or  £(Utem^mpfi(UfJ«,  in  Astronomy,  is  an  arch 
of  the  horizon  intercepted  between  the  point  where  rstor  ■ 
rises,  and  the  east  point  of  the  horizon. 

OSCILLATION,  in  Mechanics,  denotes  the  vibration, 
or  the  reciprocal  ascent  and  descent  of  «  pendulum. 

If  a  simple  pendulum  be  suspended  between  two  semi- 
cycloids,  BC,  CD,  that  have  the  diameter  CF  of  the  ge- 
nerating circle  equal  to  half  the  length  of  the  string,  so 
that  the  siring,  as  the  body  k  oscillates,  folds  about  them, 
then  will  the  body  oscil- 
late in  another  cycloid 
BKAD,similarandequBl 
to  the  former.  And  the  - 
time  of  the  oscillation 
in  any  arc  AE,  measured 
from  the  lowest  point 
A,  is  always  the  same 
constant  quantity,whe- 
ther  that  arc  be  latger 
or  smaller.  But  the  osc 
those  in   the  smalle 


illations  in  a  circle  are  unequal, 

._^ :s  being  less  than  thosa  in  tltft 

debted  to  him  for  the  Britannia,  which  was  underukcn  by    larger ;  and  so  always  less  atid  less  as  the  ares  are  smallw, 
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v^oogle 
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but  still  greater  than  the  time  of  oscillation  in  a  i^cloidal  wblch  tfae  pendulam  oscillates,  and  perpemlicuUr  to  the 

arc ;  till  tbe  circular  arc  becomes  very  small,  and  then  the  plane  in  nhich  tfae  oscillation  is  raadc. 

time  of  oscillation  in  it  is  very  nearly  equal  to  tbe  time  in  Centre  etf  Oscillatioh  ,  in  a  suspended  body,  is  a  cer- 

the  cycloid,  because  the  circle  and  cycloid  have  the  same  tain  point  in  it,  such  that  the  oscillation  of  the  twdy  will  be 

Curvature  at  the  vertex,  tbe  length  of  the  string  beiug  the  made  in  tbe  same  time  as  if  that  point  alone  were  sus- 

common  radius  of  curvature  to  tbem  both  at  that  point.  pended  at  that  distance  from  the  point  of  suspension.     Or 

The  lime  of  one  whole  oscillation  in  the  cycloid,  or  of  it  is  the  point  into  which,  if  tbe  whole  iveigbt  of  tbe  body 

an  ascent  and  descent  in  any  arch  of  it,  is  to  tbe  time  in  be  collected,  the  several  oscillations  will  be  performed  in 

which  a  heavy  body  would  fall  freely  through  cf  or  fa,  the  same  time  as  before:  the  oscillations  being  made  only 

the  diameter  of  the  generating  circle,  or  through  half  tbe  by  tbe  force  of  gravity  of  the  oscillating  body.     SeeCsM- 

length  of  the  pendulum  string,  as  the  circumference  of  a  trr  qf  OmUalitnt. 

circle  iitoiti  diameter,  that  is  as  3-14 16  to  u     So  that  if  OSCULATION,  in  Geometry,  denotes  the  contact  bc- 

t  denote  tbe  length  of  the  pendulum  CA,  and  ^  =  16^  feet  tween  any  curve  and  its  osculatory  circle,  ibut  is,  the  cir- 

=  193  inches,  the  space  through  which  a  heavy  body  falls  cle  of  the  same  curvature  with  the  given  curve,  at  the 

in  the  1st  second  of  time,  andps:  3' 1416  the  circumference  pointof  contact  or  of  osculation,  If  ACbcihe  evoluteof  the 

of  a  circle  whose  diameter  is  1:  then  by  the  laws  of  falling  involute  curve  aef,  and  the  tangent  ce  the  radius  of  cur- 

.    J-       ■.  ■      ,         ,,,       ,«        /'     ,.      .■          c  e  w  vaturc  at  the  point  E,  with  which,  and  the  centre  c,  if  tbe 

bodies,  it  u  n/g  :  •Jv  :  :  '    :  v*— ,  the  time  of  falling  .    ,            u    j        u  j     .u-      • 

•            vav»"              ^  ig  circle  BEO  be  described ;  this  circ 


ihrongh  cf  or  \l;  therefore  \:p::  ,/—  :  f  v'^>  wh'ch 
is  the  time  of  one  vibration  in  any  arch  of  the  cycloid 
which  has  the  diameter  of  its  generating  circle  equal  to  ^Z. 
Or,  by  substituting  the  known  numbers  for  p  and  9,  the 
fime  of  an  oscillation  becomes  barely  ^  ^/  or-^n  v^'  very 
nearly,  or  more  nearly  jfj/,  I  being  the  length  of  the  pen- 
dulum in  inches.  And  therefore  this  is  also  very  nearly  the 
time  of  an  oscillation  in  a  small  circular  arc,  whose  radius 
is  I  inches. 

Hence  the  times  of  tbe  oscillation  of  pendulums  of  dif- 
ferent lengths,  are  directly  in  the  subduplicale  ratio  of 
their  lengtbi,  or  as  the  square  rootsof  their  lengths-— The 
more  exact  time  of  oscillating  in  a  circular  arc,  when  this 
is  of  some  fnite  small  length,  is  -^-/l  x  (1  -t-  -")-, 
where  A  is  the  height  of  the  vibration,  or  the  versed  sine  of 
the  single  arc  of  ascent  or  descent,  to  the  radius  /. 

The  celebrated  Huygens  first  resolved  the  problem  con- 
cerning the  oscillations  of  pendulums,  in  his   book  De 
Horologio  Oscillatorio,  reducing  compouad  penduli 
simple  ones.     And  hi     '        '       '    '       '    ' 
thesis,  that  the 


I  said  lo  osculate  tbe 
curve  ARF  in  the  point  s,  which  point  e  M.  Huygens  calls 
tbe  point  of  osculation,  or  kissing  point. 

The  line  CE  is  called  the  osculatory  radius,  or  the  radius 
of  curvature;  and  tbe  circle  beg  the  osculatory  or  kissing 
circle. 

The  evolute  AC  is  the  locus  of  the  centres  of  all  the  cir> 
cles  that  osculate  the  involute  curve  it£r. 


iLATiOur  also  means  tbe  point  of  concourse  of  two 

»  of  a  curve  which  touch  each  other.     For  cx- 

octiine  is  founded  on  this  hvpo'     ample,  if  the  equation  nf  a  curve  bcji  =  ^r  +  \^i:',  it  is 

centre  of  gravity  of  several  bo-     easy  to  see  that  the  curve  has  two  brauches  touching  c 


another  at  the 

each  the  nigiis  -t-  1 

The  point  of  osi 

two  branches)  in 
branches  lermiiiBte 
the  two  branches  e: 


dies,  connected  together,  must  ascend  exactly  to  thi 
tame  height  from  which  it  fell,  whether  those  bodies  be 
united,  or  separated  from  one  another  in  ascending  again, 
provided  that  each  begin  to  ascend  with  tbe  velocity  ac- 
quired by  its  descent. 

This  supp<»ltion  was  opposed  by  several  persons,  and 
very  much  suspected  by  others.  And  those  even  who  be- 
lieved the  truth  of  it,  yet  thought  it  too  daring  to  be  ad- 
mitted without  proof  into  a  science  which  demonstrates 
every  thing. 

At  length  James  Bernoulli  demonstrated  it,  from  tbe 
nature  of  the  lever;  and  published  bis  solution  in  tbe 
Mem.Acad.  desScienc.  ofl^ris,  forthe  year  1/03.  jAfter 
his  death,  which  happened  in  1705,  his  brother  John  Ber- 
noulli gave  a  more  easy  and  simple  solution  of  the  same 
problem,  in  the  same  Memoirs  for  1714;  and  about  the 

same  time.  Dr.  Brook  Taylor  published  a  similar  solution  osculatory  circle  of  the  curve  aef  at  tbe  poii 
in  his  Methodus  Incrcmentofum:  which  gave  occasion  to  the  osculatory  radius,  or  tbe  radius  of  curvatun-. 
a  dispute  between  these  two  mathematicians,  who  accused  This  circle  is  called  osculatory,  because  that,  of  all  the 
each  other  of  having  stolen  their  solutions.  The  particu-  circles  that  can  touch  the  curve  in  the  same  point,  thaf 
lars  of  which  dispute  may  be  seen  in  the  Leipsic  Acts  for  one  touches  it  the  closest,  or  in  such  manner  that  no  other 
1716,  and  in  Bernoulli's  works,  printed  in  1743.  tangent  circle  can  be  drawn  between  it  and  the  curve;  so 

Aiii  q^Oscii.LATioN,is  a  line  parallel  to  the  horizon,     that,  in  touching  the  curve,  it  embraces  it  as  it  were,  boib 
supposed  to  pais  through  the  centre  or  fixed  point  about    touching  and  cutting  it  at  the  same  time,  being  00  one 


here  ^  ==  0,  because  tbe  roots  have 
lid  -. 

ulalion  differs  from  the  cusp  or  point 
ich  is  also  a  kind  of  point 'if  contact  of 
ibis,  that  in  this  latter  case  the  two 
,  and  pass  no  farther,  but  in  the  former 
on  both  sides  of  the  point  of  oscu- 
.'CCind  figure  above,  the  point  fi  it 
tbe  osculelioii  of  the  two  branches  abd,  sbf;  but  a, 
though  it  is  also  a  tangent  point,  is  a  cusp  or  the  point  of 
retrocession, of  AC  and  a  b,  the  branches  not  passing  beyond 
the  point  A. 

OSCULATORY  Circle,  is  the  same  as  the  circle  of  eup- 
vaturej  that  is,  the  circle  having  tbe  same  £urvalure  with 
any  curve  at  a  given  point.  See  the  foreguing  article. 
Osculation,  where  beg,  in  the  last  figure  but  one,  is  the 
andCB 
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lide  at  the  convex  part  of  the  CDrve,  ind  on  the  other  at 
ibe  concave  pan  of  it. 

In  a  circle,  all  the  osculatoiy  radU  are  equal,  bdng  the 
common  radius  of  the  circle ;  the  evolute  of  a  circle  being 
only  a  point,  which  i«  its  centre.  See  some  properties  of 
the  oscuUiofy  circle  in  MacUurin's  Algebra,  Appendix 
Ue  Lincarum  Gcometricarum  Propriet&tibus  gencralibus 
Trnctatus,  Theor.  2,  §  15, &c,  treated  in  a  pure  genmi^tri- 
cai  manner. 

OscuLATOST  I^ratola.     SeePABABOLH. 

OscuLAToRT  Point,  the  osculation,  or  point  of  contact 
between  a  curve  and  its  osculatory  circle. 

OSTEN51VE  Drtnomtraiiotu,  such  as  plainly  and  di- 
rectly demonstrate  the  truth  of  any  proposition.  In  which 
they  stand  diitinguisfacd  frnm  apagogical  ones,  or  reduc- 
tions ad  abturdum, or  ad  irapossibile,  which  prove  the  truth 
proposed  by  demonstrating  the  absurdity  or  impossibility 
of  the  contrary. 

OTACOUSTIC,  an  instrument  that  aids  or  improves 
the  sense  of  hearing.     Sec  Acocbtics. 

OVAL,  an  oblong  curvilinear  figure,  having  two  un- 
equal diameters,  and  bounded  by  a  curve  line  returning 
into  itself.  Or  a  figore  contained  by  a  single  curve  line, 
imperfectly  round,  its  length  being  greater  than  its  breadthf 
like  an  egg :  whence  its  name.  The  proper  oval,  or  egg- 
shape,  is  an  irregular  6gure,  being  narrowed  at  one  end 
than  at  ibe  other;  in  which  it  diffen  from  the  ellipse,  which 
is  the  malhi'matical  oval,  and  isequallybroadat  both  ends. 
The  common  people  confound  the  two  together :  but  geo- 
metricians call  the  ovhI  a  false  ellipse. 

The  method  of  describing  an  oval  cbiefly  used  among 
artificers,  it  by  a  cord  or  string,  as  fh/,  whose  length  i* 
equal  to  the  greater  diameter  of  the  intended  oval,  and 
which  is  fastened  by  its  extremes  to  two  points  or  pins, 
rand/,  planted  in  its  longer  diameter ;  then,  holding  it 
always  stretched  out  as  at  h,  wiih  a  pin  or  pencil  carried 
round  the  inside,  the  oval  is  described :  which  will  be  so 
much  the  longer  and  narrower  as  the  two  fixed  points  are 
farther  apart.  This  oval  so  described  is  the  true  mathe- 
matical ellipse,  the  points  f  end  /  being  the  two  foci. 
But,  in  arch  i  tact  urn  I  designs,  where  great  accuracy  is  re- 
4]uired,  the  elliptic  compasses  are  better  employed.  See 
Coupasses  ElUpticiU. 


Another  popular  way  to  describe  an  oval  of  a  given 
length  aikd  breadth,  is  thus : — Set  the  given  length  and 
breadth,  ab  and  cd,  to  bisect  each  other  perpendicularly 
atE;  with  the  centre  c,  and  radius  ae,  describe  an  arc  to 
cross  AB  in  p  end  «;  then  with  these  centres,  r  and  o, 
and  radii  ae  and  bg,  describe  two  little  arcs  hi  and  kl 
for  the  smaller  ends  uf  the  oval ;  tfnd  lastly,  with  the  cen- 
tres cand  cand  radius  en,  describe  the  arcs  hk  and  il, 
for  the  flatter  or  longer  sides  of  the  oval.  But  this,  it  is 
evident,  does  not  form  a  true  ellipse.  Sometimes  other 
points,  instead  of  c  and  d,  are  to  be  taken  by  trial,  as  cen- 
tres in  the  line  cd,  produced  if  necessary,  so  as  to  make 
the  two  last  arps  join  best  with  the  two  former  ones. 

Otal  denotes  also  certaiu  rouodisti  figures,  af  various 


and  pleasant  sbBpet,aniong  curve  lines  of  the  higher  kinds. 
These  figures  are  expressed  by  equations  of  all  dimensions 
above  the  2d,  and  more  especially  the  even  dimensions,  as 
the  4ih,  6ih,  &c.  Of  this  kind  is  the  equation  oV  ^ 
—  x*  -t-  ar*,  which  denotes  the  oval  b,  in  shape  <^  the 


section  of  a  pear  through  the  middle,  and  is  ^easily  de- 
scribed by  mt^ns  of  points.  For,  if  a  circle  be  described 
whose  diameter  Ac  is  =  a,  end  ad  be  perpendicular  and 
equal  to  Ac;  then,  taking  any  point  f  in  ac,  joining  at, 
and  drawing  FN  parallel  to  ad,  and  no  parallel  to  ac; 
and  lastly  taking  fm  =  Ko,  the  point  M  will  be  one  point 
of  the  oval  sought.— In  like  manner  the  equation 
j'  —  4/  =  —  ai*  +  ftr"  -1-  CI*  -h  dx  •*■£ 
expresses  sei'eral  very  pretty  ovaU,  among  which  the  fol- 
lowing 12  are  some  of  the  most  remarkable.  For  when 
the  equation  ci'  =  tr"  -t-  ci^  +  Jt  -»-  e  bas  four  real 
unequal  roots,  the  given  equation  denotes  the  three  fol- 
lowing qiccies,  in  fig.  1,  S,  3  : 

Fig.  1.  Fig.2.  Fig.3'. 


When  the  two  lest  roots  are  equal,  the  three  species  will 
be  expressed  as  in  fig. 4,  5,  6,  thus: 

Fig.  4.  Rg.5.  Fig.  6. 


When  the  two  less  roots  become  imaginary,  it  will  denote 
the  three  species  exhibited  in  fig.  7,&,9- 

Fig.  7.  Fig- 8.  Fig.  9. 


When  the  two  middle  roots  are  equal,  the  species  will  be 
as  appears  in  fig.  10  :  when  two  pair  of  roots  are  cqnaf, 
the  species  will  be  as  in  fig.  1 1  :  and  when  the  two  middte 
roots  become  imagluary,  the  species  will  be  as  appears  m 
fig.  IS : 

Tig.  10.  Fig.  II.  Fig.  12^ 


&e 


OUGHTRED  (William), an  eminent  EngEsh  mathe- 
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mrticiin  aud  dWinf,  was  born  at  Eton  in  Buckin^am«hire, 
1573,  and  educated  in  the  school  there;  whence  he  waa 
ekoed  to  King's-college  in  Cambridge  in  1592,  where  he 
Continued  about  12  years,  and  becaroea  fellow  ;  employ- 
ing hi*  ijcne  in  close  application  to  useful  studies,  panicu- 
larly  the  mathematical  sciences,  which  he  contributed  to^iIk 
greatly,  by  hia  example  and  exhortation,  to  bring  into  1652, 
vogue  among  lijs  acquaintances  there.  ""'    " 

About  1603  he  quitted  the  university,  -.-    .—  ,  „       ,       ^.  ,-,  .    .     m 

wnted  to  the  rectory  of  Aldbury,  near  Guildford  in  Sui-     tiae  on  Regular  t>ohds  ;  and  the  Theoreroi 
rey,  where  be  lived  along  retiredand  studious  life,  seldom     tte^ books  of  Archimedes. 
travelling  so  far  as  London  once  a  year  ;  his  recreation         "    ""--  "— '- 
being  a  divereity  of  siudies.    "  As  often,"  says  he,  "  as  I 
was  tired  with  the  labours  of  my  own  profession,  I  have 
allayed  that  tediousness  by  walking  in  ibe  pleaaant,  aod 
more  than  Elys i an  Fields  of  the  diverse  and  various  parU 
of  human  learning,  and  not  of  the  mathematics  only." 
About  the  year  l628  be  was  appointed  by  the  earl  of 
Arundel  tutor  to  his  son  lord  William  Howard,  in  the  ma- 
thematics, and  hia  Clavis  was  drawn  up  for  the  use  of  that 
young  nobleman.     He  always  held  a  correspondence  by 
letters  with  maay  of  themoat  crainentscholarsof  his  time, 
on  mathematical  subjecia  :  the  originals  of  which  were 
preserved,  and  communicated  to  the  Royal  Society,  by     the 
William  Jones,  esq.      The  chief  mathematicians  of  that     and  .  ■   ,     ,        l     •  l     , 

«  owed  much  of  their  skill  to  him  ;  and  his  house  was     wr  Charles   facarborougb  the  physician  ;  the  latter   of 


was  also  published  in  English,   with  several  additional 
tracts;  viz,  oncon  the  Resolution  of  all  kinds  of  Affected 
Equations  in  Numbers;  asecorid  on  Compound  Interest ; 
a  third  on  the  easy  Art  of  Delineating  all  manner  of  Plain 
dials;  also  a  Demonstration  of  the  Rule  of  false- 
A  3d  edition  of  the  same  work  was  printed  in 
Latin,  with  the  same  additional  tracts,  together 
others,  vit,  Un  the  Use  of  Logarithms  ;  A  De- 
id  was  pre-     clartuion  of  the  lOth  hook  of  Euclid's  Elements ;  a  trea- 
■     "  "       '       '■  '' '  .  .1     Ti    -  -  itained  in 

The  Circles  of  Proportion,  and  a  Horizontal  Instru- 
ment; inl633,4to;  published  by  his  scholar  Mr.  William 
Foster. — 3.  Description  and  Use  of  the  Double  Horizontal 
Dial;  1636,  8vo.— 4.  Trigonometria:  his  treatise  on  Tri- 
goAomctry,  in  Latin,  in  4tu,  l657  :  and  another  edition  in 
English,  together  with  Tables  of  Sinesi  Tangents,  and  Se- 

He  left  behind  him  agreatnumberof  papers  on  mathe- 
matical subjects;  and  in  most  of  his  Greek  and  Laitti 
mathematical  books,  there  were  found  note^  in  hia  own 
hand-writing,  with -an  abiidgment  of  almost  every  propo- 
and  demonstration  in  the  margin,  which  came  into 
of  the  lale  William  Jones,  esq.     These  books 
ipts  then  pasaed  into  the  hands  of  his  friend 


always  full  of  young  gentlemen  who  came  from  all  parts 
to  receive  his  instruction :  nor  was  he  without  invitations 
to  settle  in  France,  Italy,  and  Holland.  "  He  was  as  face- 
tious," says  Mr.  David  Lloyd,  "  in  Greek  and  Latin,  as 
solid  in  arithmetic,  geometry,  and  the  sphere,  of  all  mea- 
sures, music,  fltc;  exact  in  his  style  as  in  his  judgment; 
handling  his  tube  and  other  instruments  at  80  aa  steadily 
as  oibers  did  at  30 ;  owing  this,  as  be  said,  to  temperance 


hich  were  carefully  looked  over,  and  all  that  were  found 
lit  for  the  press,  printed  at  Oxford  in  1676,  in  Svo,  under 
the  title  of 

5.  Opuscuia  Mathematica  hactenus  inedita.  This  col- 
lection contains  the  following  pieces:  (1)  Inatitutioncs 
Mechanics  :  (2)  De  Variis  Corporum  Gencribus  Cfavi- 
tate  et  Magnitudrae  coniparatis :  {3)  Automata :  (4) 
Qutestiones    Diophanti  Alexandrini.   libri  tres:  (5)  Dc 


and  exercise  ;  principling^his  people  with'plain  and  solid     Triangulis  Plania  Rectangulis  :  (6)  De  Divisione  Supei 
truths,  as  he  did  the  world  with  great  and  useful  arts;     ficierumj  (7)  Musica;  Elementa  l  (8)  De  Propugnacu- 
advaneing  new  inventions  in  all  things  hot  religion,  which 
he  endeavoured  to  promote  in  its  primitive  purity,  main- 
taining that  prudence,  meekness,  and  simplicity  were  the 
great  ornaments  of  his 


lorum  Munitionibus  :  (9)  Section(;s  Angulares. 

6.  In  1660,  sir  Jonas  Moore  annexed  to  his  Arithmetic 
a  treatise  entitled,'  "  Conical  Sections ;  or,  The  several 
Sections   of  a  Cone ;  being  an  Analysis  or  Methodical 


Notwithstanding  Oughtr 
royalist,  he  was  in  danger 


..'b  great  merit,  being  a  strong     Contraction  of  the  two  first    books  of  Mydorgii 
1  16+6,  of  a  sequestration  by     whereby  the  nature  of  the  Parabola,  Hyperbola,  and 


...i  committee  for  plundering  ministers;  several  articles 
being  deuosed  and  sworn  against  him  ;  but,  on  hia  day  of 
hearing,' William  Lilly,  the  famous  astrologer,  applied  to 
sir  BulUrode  Whitlocke  and  all  hia  old  friends ;  who  ap- 
peared so  numerous  in  his  behalf,  that  though  the  chair- 
man and  many  other  presbyterian  members  were  active 
against  him,  yet  he  was  cleared  by  the  majority.  This  is 
told  us  by  Lilly  himself,  in  the  History  of  his  own  Life, 
where  he  styles  Oughcred  the  moat  famous  mathematician 
then  of  Europe. — He  died  in  I66O,  at  86  years  of  age,  and 
was  buried  at  Aldbnry.  It  is  said  he  died  of  a  sudden 
ecstasy  of  joy,  about  the  beginning  of  May,  on  hearing 
(he  news  of  the  vote  at  Westminster,  which  passed  for  the 
restoration  of  Charies  the  2d.— He  left  one  son,  whom  he 
put  apprentice  to  a  watch-maker,  and  wrote  a  book  of  in- 
structions in  that  art  for  hia  use. 

He  publiihod  several  works  In  his  life-time;  the  prin- 
cipal of  which  are  the  following : 

1.  Arithmetics  in  Numero  et  Spcciebus  Inslitutio,  in 
Svo,  1631.  This  treatise  he  intended  should  serve  as  a 
general  key  to  the  mathematics.  It  was  afterwards  re- 
printed, with  conuderable  alterations  and  additions,  >n 
l648,  under  the  title  of  A  Key  to  the  Mathematics.     It     profile  or 


El- 
lipsis, is  very  clearly  laid  down.  Translated  from  tliq  pa- 
pers of  the  learned  Wiliiam  Oughtred." 

Oughtred,  though  undoubtedly  a  very  great  mathema- 
tician, was  yet  far  from  having  the  happiest  method  of 
treating  the  subjects  he  wrote  upon.  His  style  and  man- 
ner were  very  concise,  obscure,  and  dry  ;  and  his  rules  and 
precepts  so  involved  in  symbols  and  abbreviations,  as  ren- 
dered his  mathematical  writings  very  troublesome  to  read, 
and  difficult  to  be  understood.  Beside*  the  characters 
and  abbrcviationii  before  made  uae  of  in  algebra,  he  in- 
troduced several  others ;  as 

X    to  denote  multiplication  ; 
:   for  proportion  or  similitude  of  ratios ; 

7~  for  continued  proportion; 
Z,  f  for  greater  and  ksa  ; 

OUNCE,  a  small  weight,  bein"  the  l6lh  part  of  a  pound 
avoirdupois;  and  the  12'th  part  of  a  pound  troy, — ^The 
avoirdupois  ounce  is  divided  into  16  druchms  or  drams ; 
also  the  ounce  troy  into  24  peimyweights,  and  the  penny- 


weight into  24  grains. 

OVOLG,  in  Architecture,  a  round  moulding,  whose 
■p,  in  the  Ionic  and  composite  capital,  is 


DigczecDyV^OUyie 


O  X  Y 

n  active  (ire  in  cIom  yemtU, 

eive,  under  iniertedjan, 

wliich  is  tfaui  tht 


O  X  T  ['  »*3    ] 

usually  a  qaadrant  of  a  circle  ;  v>henc«  it  is  also  popularly  bnmed  by  nature  or  art,  t 

calleil  the  quarter  round.  lo  disposed  as  to  conduct  a 

OVTW  A.^DFianJaitgAiigle,oTihe  Angle  of  the  Temoille,  the  gas  or  elastic  fluid  to  be  collected; 

is  that  comprehended  by  the  two  flanking  lines  of  defence,  product  of  a  true  conibuslion. 

OUTWORKSj'in  Fortification,  ail  those  works  made         The  two  chief  sourcev  from  which  osygen  is  derived, 

on  the  outside  of  the  ditch  of  a  fortiAed  place,  to  cover  (each  uf  them  immense  in  extent,}  are  water  and  air.     In 

and  defend  it. — Outworks,  called  also  advanced  and  de-  the  formpr  it  is  condensed  into  a  liquid  form,  and  com- 

tached  worktj  are  those  which  not  only  serve  to  cover  the  bined  with  about  a  third  of  its  weight  of  hydrogen ;  in  the 

body  of  the  place,  but  also,  to  keep  the  enemy  at  a  di-  latter  it  is  united  with  aeot,  and  forms  rather,  more  than  ■{- 

stance,  and  prevent  them  from  taking  advantage  of  the  part  of  the  atmosphere, — There  are  various  other  smaller 

cavities  and  tilevations  usually  found  in  the  places  ahout  sources  of  oxygen,  such  as  many  parts  of  the  organized  ' 

the  counterscarp  ;  which  might  serve  them  either  as  lodg-  world,  vegetable  or  animal  (independently  of  the  water 

mcnts,  or  as  rideaux,  to  facilitate  the  carrying  on  their  they  contain  so  abundantly),  mineral  acids,  and  metallic 

trenches,  and  planting  their  batteries  against  the  place,  oxyds,  &c ;  but  the  quantities  from  these  last  sources  are 

Such  are  ravelins,  tenuilles,  hornworks,  queue  d'arondes,  exceedingly  small,  in  comparison  with  the  preceding.— 

envelopes,  and  crownworks.     Of  these,  the  most  usual  are  Most  of  the  green  parts  of  vegetables,  while  living,  yieM 

ravelins,  or  halfmoons,  formed  between  the  two  bastions,  oxygen  gas  when  exposed  to  the  sun's  rays.— The  purest 

on  the  flanking  angle  of  the  counterscarp,  and  before  the  possible  oxygen  gas  is  obtained  by  a  higher  degree  of  vol- 

curtain,  to  cover  the  gates  and  bridges.  taic  electricity,  from  such  substances  as  it  is  <»pflble  of 

It  is  a  general  rule  in  all  outworks,  that  if  [here  be  se-  completely  decnmposing.     One  of  the  next  purest  oxygen 

veral  of  them,)  one  before  another,  to  cover  one  and  the  <  gases  is  obtained  by  distilling,  per  se,  the  dry  oxyKiuriat 

same  tenaille  of  a  place,  the  nearer  ones  must  gradually,  of  potash. 


mher,  command  those  which  are  larthest 
advanced  out  into  the  cnmpagne ;  that  is,  must  have  higher 
ramparts,  that  so  ihcy  may  overlook  and  fire  upon  the  be- 
siegers ^vl^cn  they  arc  masters  of  the  more  outward  works. 
The  gorges  also  of  all  outworks  should  be  plain,  and 
without  parapets  ;  lest,  when  taken,  they  should  serve  to 
secure  the  besiegers  against  the  fire  of  the  retiring  be- 
sieged ;  whence  the  gorget  of  outworks  are  only  palisa-  a  taper  is 
doed,  to  prevent  a  surprise.  ' 

ox-eye;  in  Optics.     See  Scioptic,  and  Camera 
ObKura 


The  black  oxyd  of  manganese  contains  a  greet  quBn- 
tity  of  oxygen  so  loosely  combined,  as  to  be  expelled  by  r 
moderate  red  heat;  and  this  is  the  method  usually  pur- 
sued  :  an  earthen  or  iron  retort  is  filled  with  the  black 
oxyd  of  manganese  in  powder,  and  healed  in  a  brisk  fire. 
The  first  product  of  gas  comes  over  when  the  mangaues« 
is  faintly  red,  and  consists  chiefly  of  carbonic  acid,  so  that 
mediately  extinguished.  After  this,  if  small 
samples  of  ihe  gas  be  examined  as  it  comes  over,  by  dip- 
ping a  bit  of  kindled  wood  in  it,  the  fire  will  soon  be 
found  to  burn  with  increased  fl^amc  and  brightness,  a  sign 


OXGANG,  or  Oxoate,  of  land,  is  usually  taken  for  of  the  presence  of  oxygen  ;  >oon  after  which  it  may  be 
1 5  acres ;  being  as  much  land  as  it  is  supposed  one  ox  can  collected  for  use.  If  the  manganese  be  very  good,  one 
plow  in  a  year.     In  Lincolnshire  they  still  corruptly  call     pound  of  ft  will  yield  1400  cubic  inches  of  great  purity  ; 


n  of  land. — In  Scotland,  the  term  is  used  for  a  por- 
tion of  arable  land,  containing  13  acres. 

OXYDS,  a  compound  of  oxygen  and  some  other  body, 
in  such  proportion  as  not  to  produce  an  acid. 

OXYGEN,  a  certain  simple  substance  that  enters  into 
the  composition  of  watcrand  air;  beingthat  which  gene- 
rates or  produces  acids. 

This,  one  of  the  most  characteristic  properties  of  this 
body,  was  discovered  by  Dr.  Priestley  in  1774. 


that  is,  containing  no  more  than  -^  of  carbonic  acid  or 
any  other  gas. — Manganese,  if  moistened  with  sulphuric 
acid,  will  also  give  out  much  oxygen,  on  applying  a » 
greater  heat  than  that  of  a  taper;  and  it  may  thus  be  ob- 
tained very  expeditiously,  with  the  simplest  apparatus 
possible. 

All  the  oxyds  of  mercury,  when  heated  red  hot,  are- 
decomposed,  the  metals  return  to  the  state  of  running  mer- 
cury (which  i)  driven  up  in  vapour  and  soon  condenses), 
'  rd  appears  in  the  gaseous 
form,  mixed  with  any  acid  which  may  have  existed  in  the 
oxyd. — Oxygen  gas  may  also  be  obtained  very  cheap,  and 
considerably  pure,  by  the  destructive  distillation  of  nitre 
in  a  moderate  red  heat. — The  burning  of  the  several  com- 
bustible bodies  in  oxygen  gas,  forms  a    : 


first  called  dephlogisticated  air,  and  afterwards  successively     and  the  oxygen  which 

known  by   the  names  of  eminejitly  respirable  air,  pure     '  '      .     '.i 

air,  vital  air,  as  long  as  it  was  not  known  that  this  aerial 

form  is  merely  one  of  its  states  of  combination.     As  soon 

as  this  truth  was  well  proved,  asd  clearly  explained  by 

Lavoisier,  it  appeared  necessary  to  give  it  a  new  name,  ,„      „    . 

which  might  be  applicable  to  all  the  states  in  which  it     beautiful  and  instructive  ex  peri  m 

could  exist,  as  well  that  of  gas  as  of  the  liquid  or  solid  '  '  '        '  ' 

form  ;  and  it  finally  received  the  name  of  Oxygen- 

O.iygen,  like  many  other  natural  bodies,  is  found  in 
three  stutes,  but  in  none  of  them  is  it  alone  or  insulated. 
In  the  guse.oui  form  it  is  dissolved  in  caloric;  in  the  li- 
quid and  solid  form  it  is  combined  with  difierent  sub- 
stances. As  oxygen  is  often  contained,  in  a  more  or  less 
solid  form,  in  several  natural  fossils,  which  have  under- 
gone combustion,  and  as  it  has  much  attraction  for  calo- 
ric, it  is  only  requisite  that  some  on^  of  those  fossils 
should  he  heated  more  or  less,  in  order  to  disengage  this 
principle,  and  obtain  it  in  the  form  of  gas  or  air.  Thus, 
the  chemists  expose  certain  substances,  particularly  metals 


I,  and  h 


ributcd 


than  any  thing  else  to  give  accurate  idea 
lure  of  combustion  in  general. 

The  characters  that  peculiarly  distinguish- oxygen  gas, 
arc  the  eminent  degree  in  which  it  supports  combustion 
and  respiration ;  it  being  proved  that  neither  of  these  can 
continue  without  oxygen,  and  that  it  is  solely  owing  to  U» 
presence  iliat  atmospherit  air,  and  the  other  eomponnd 
gasses,  are  fitted  for  maintaining  those  grand  processes  of 
the  material  world.  If  a  small  animal  be  immersed  in- 
o.xygen  gas,  it  will  live  much  longer  than-in  the  same  quan- 
tity of  common  air;  and  if  the  carbonic  acid,  generated 
in  the  process,  be  occasionally  removed  by  alkalies,  the 
animal  will  reintiia  in  the  gas  uninjured  for  a  much  longer 
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O  Z  A 

,  who  bring  foreJgiwn,  wereoUiged 


time.    In  tiiii,  and  id  many  oiber  respecU,  ibe  proem  of  away  all  his  icbolar                  _         _ 

ropiraliun  and  combustion   agree;    but  still  there  are  to  leave  Parit.     Tbui  he  sunk  into  a  very  melanchoj/ 

(ome  circumstances  which  render  it  probable  that  the  slate ;  uty^cr  which  however  he  received  some  relief,  and 

diluted  ttatc  of  oXygen  (such  as  it  exists  in  common  air)  amusement,  from  the  honour  of  being  admitted  this  same 

n  altogether  liiler  fur  animul  rapiratiou,  than  a  purer  year  an  elivc  of  the  Royal  Academy  ol  ticiences.     But 

oxygen.  he  never  recovered  his  wonted  health  and  spirits ;  to  thai, 

-OXYGONE,  in  Geometry,  is  acute-angled,  meaning  though  he  lingered  through  a  fen  dull  years,  with  aslrong 

a  figure  consisting  whoUyof  acute  angles,  or  such  as  are  presentimenl  of  his  approaching   diiiolulion,  he  might 

less  than  90  d^rees  each, — The  term' is  cbicHy  applied  to  rather  be  said  to  exist  than  to  live,  until  I  he  year  17l7i 

triangles,  where  the  three  angles  are  all  acute.  when  be  was  seized  with  an  apoplexy,  which  terminated 


the  same  as  dephlogi^ticated 


OXVGONIAL,  is  acute-anguli 
OXYMURIATICAciD,  ■ 
'  muriatic  acid,  or  chlorine. 

OZANAM  (James],  an  eminent  French  mathetoBti- 
cian,  was  desceudttd  from  a  family  of  Jewish 
'  ich  had  long  been 


id  toe: 

his  existence  on  the  3d  of  April,  at  77  yea 

Ocanam  possessed  a  mild  and  calm  disposition,  a  cheer- 
fnl  and  pleasant  temper,  an  inventive  genius,  and  a  gene- 
rosity almost  unpHralU'led..  After  marriage  his  conduct 
Wat  irreproachable  1  and  at  the  same  lime  that  he  was 
the  llomiiih  faith  ;  sincerely  pious,  he  had  a  great  aversion  to  disputes  about 
theology.  On  this  subject  he  used  to  say,  that  it  waa  the 
business  of  the  Sorhonne  doctors  to  discuss,  of  the  pop« 
to  decide,  'and  of  a  mathematician  to  go  straight  to  hea- 
ven in  a  perpendicular  line. — He  wrote  a  great  number  of 
useful  boolts;    ■  list  of  which  in  as  follows: 

I .  A  treatise  of  Practical  Geomelry  ;   12mo,  l684.  —2. 


and  some  of  whom  had  held  considerable  pli 
parliaments  of  Provence.  He  was  born  at  Boligncux  in 
Bretsia,in  the  year  iSiO;  and  being  a  younger  son,  though 
his  father  had  agood  estate,  it  was  thought  proper  to  edu- 
cate him  for  the  church,  thht  he  might  enjoy  some  small 
benefices  which  belonged  to  the  family,  to  serve  as  a  pro- 
vision for  him*  Accordingly  be  studied  divinity  four  Tables  of  Sines,  Tangents,  and  Secants;  with  a  treatise 
yean  ;  hut  then,  on  the  death  of  his  father,  he  devoted  Trigonometry;  8ya,iGS5. — 3.  A  treatise  of  Lines  of  the  FinI 
himself  entirely  to  the  mathematics,  to  which  he  had  al-  Urder;  oflbeConstructionof  tlquations;andofGeometric 
ways  been  strongly  attached.  Some  mathematical  books,  Lines,  dec  ;  4ta,  lfi87.— 4.  The  Use  of  the  Compasses  of 
which  fell  into  his  bands,  first  excited  hit  curiosity  ;  and  Proportion,  &c  ;  with  a  treatise  on  the  Division  uf  Lands ; 
by  his  extraordinary  geniusi  without  the  aid  of  a  master,  6vo,  I688. — 5.  An  Universal  Instrument  for  readily  re- 
'  he  made  to  great  a  progress,  that  at  the  ^  of  15  be  wrote  tolving  Geometrical  Problems  without  calculation;  ISmo, 
a  treatise  on  that  subject.  1686 — 6.  A  Mathematical  Dictionary;  Hu,  I69O. — 7. 
For  a  maintenance  he  first  went  to  Lyons  to  leach  the  A  General  Method  for  drawing  Dials,  &c,  ISmo,  1693. 
mathematics,  wbich  answered  very  well ;  but  his  generous  —8.  A  Course  of  Mathematics,  in  5  volumes,  8vo,  l6g3. 
disposition  procured  him  still  better  success  elsewhere.  — $.  A  treatise  on  Fortification,  Ancient  and  Modern; 
Among  bis  scholars  were  two  foreigners,  who  .expiessing  4to,  l6p3. — 10.  Mathematical  and  Philosophical  Recrea- 
']im,  at  being  disappointed  of  some  lions ;  2  vols  8vo,  I694 ;  and  again  with  additions  in  4 
ajourney  to  Paiis;  he  asked  them  vols,  1724. — 11.  New  Treatise  on  Trigonometry;  12mo, 


bills  of  exchange  fo      _ 

how  much  would  do,  and   being  told  50  pistole 

them  the  money  immediately,  even  without  their  note  for 

it.     On  their  arrival  at  Paris,  mentioning  this  generous 

action  to  M.  Dagiiesseau,  father  of  the  chancellor,  this 

magistrate  was  so  pleased  with  it,  that  he  engaged  them  to 

invite  Oianam  to  Paris,  with  a  promise  of  his  favour. 


1659.— 13.  Surveying  and  Measu ringtail  Sorts  of  Art 
ficers' Works;  12mo,  l6S9.— 13.  New  Elements  of  Alge- 
bra; 2  vols  8vo,  1703.— 14.  Theory  and  Practice  of  Per- 
spective; 8vo,  1711. — 15.  Treatise  of  Cosmography  and 
Geography;  8vo,  1711. — 16.  Euclid's  Elements,  by 
Dechales,  corrected   and  enlarged;    ISmo,   1799> — 17. 


The  opportunity  was  eagerly  embraced;  and  the  business     Doulanger's   Practical  Geometry   1 


of  teaching  the  mathematics  here 
considerable  income :  but  he  wanted  prudence  for  some 
time  to  make  the  best  we  of  it.  He  was  young,  band- 
tome,  and  sprightly ;  and  much  addicted  both  to  gamiiig 
and  gallantry,  which  continually  drained  his  purse.  How- 
ever,  this  expense  in  time  led  him  lo  think  of  matrimony, 
and  be  soon  after  married  a  young  woman  without  a  for- 
tune. She  made  amends  for  this  defect  however  by  her 
modesty,  virtue,  and  sweet  temper  ;  su  that  though  the 
State  of  his  purse  was  not  amended,  yet  he  had  more  real 
enjoyment  than  before,  being  indeed  completely  happy  in 
her,  as  long  as  she  lived.  He  had  twelve  children  by  this 
lady,  though  most  of  them  died  young;  and  be  Wiis  ' 
lastly  rendered  quite  unhappy  by  the  death  of  his  wife 
also,  which  happened  in  I70I.  Neither  did  this  mis- 
fortune come  single :  for  the  war  breaking  out  about  the 


of  the  Spanish 


1691. — 18.  Boulanger's  treatiseo 
end  enlarged  ;  12mo. 

Ozanam  has  also  the  following  pieces  in  the  Journal  des 
S;8vans  ;  viz,  (l)  Demonstration  of  this  theorem,  that 
neither  the  Sum  nor  the  Difference  of  two  Fourth  Poweni, 
can  be  a  Fourth  Power;  journal  of  May  1680.— (2) 
Answer  to  a  Problem  proposed  by  M.  Comiers  ;  journal 
of  Nov.  17,  168I. — (3)  Demonstration  of  a  Problem 
concerning  False  and  Imaginary  Roots  ;  journal  of  April 
2  and  9,  l6S5.— (4)  Method  of  finding  in  Numbers  the 
Cubic  and  Sursolid  Roots  of  a  Binomial,  when  it  has  one; 
journal  of  April  9,  ifigl. 

Also  in  the  Memoires  de  Trevoux,  of  December  1703, 
he  has  this  piece,  vii,  Answer  to  certain  articles  of  Ob- 
jection to  the  first  pan  of  his  Algebra.  And  lastly,  in  the 
Memoirs  of  the  Academy  of  Sciences,  of  1707,  he  has 


it  swept    Observations  on  a  Problem  of  Spherical  Trigonometry. 


,  Google 
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TJACE,  or  Geometrical  Pace,  an  uncertain  tincal  mea- 
"^  sure,  by  sume  supposed  to  be  equal  to  5  iVset,  b^  others 
4-4,  &c. 

PAGAN  (Blaise  Fran^iois  Comtc  de),  an  eminent 
French  mathumaticiun  and  engineer,  was  burn  at  Avignon 
in  Provence,  ]604;  and  -entered  nn  the  profession  of  a 
loldier  at  14'  years  of  age.  In  l€20lic  was  employed  at 
the  siege  of  Caen,  in  the  battle  of  Pant  de  C6,  with  the 
reduction  of  the  Navareins,  and  the  rest  of  B^arn;  where 
he  signalized  himself,  and  acquired  a  regulation  far  above 
his  years.  He  was  present,  in  l62],  at  the  siege  of  St. 
John  d'Angeli,  at  also  that  of  Clarac  and  Monlauban, 
where  be  lost  an  eye  by  a  musket-shot.  After  this  time, 
there  happened  neither  siege,  battle,  nor  any  other  occa- 
sion, in  which  he  did  not  signalize  himself  by  some  effort 
of  courage  and  conduct.  At  the  passage  of  the  Alps,  and 
the  barricade  of  Suza,  he  put  himself  at  the  head  of  the 
forlorn  hope,  composed  of  the  bravest  youths  among  the 
guards ;  and  undertook  to  arrive  the  first  at  the  attack,  by 
a  private  way  which  was  extremely  dangerous ;  when, 
having  gained  the  top  of  a  very  steep  mountain,  he  cried 
out  to  his  followers,  "  There  lies  the  way  to  glory !"  On 
which,  sliding  along  this  mountain,  they  came  first  to  the 
attack;  when  immediately  commencing  a  furious  onset, 
end  the  army  coming  to  their  assistance,  thty  forced  the 
barricades.  When  the  king  laid  siege  to  Nancy  in  l633, 
Pagan  attended  him,  in  drawing  the  lines  and  forts  of 
circumvellation. — In  l642  he  was  sent  to  the  service  in 
Portugal,  as  field-marshal;  and  the  same  year  he  unfor- 
tunately lost  the  sight  of  his  other  eye  by  a  distemper,  and 
thus  became  totally  blind,  ^ 

But  though  he  was  thus  prevented  from  serving  his 
country  with  his  conduct  and  courage  in  the  field,  be  re- 
sumed the  vigorous  study  of  fortification  and  the  mathe- 
matics; and  in  l645  he  gave  the  public  a  treatise  on  the 
former  subject,  which  was  esteemed  the  best  extant, — In 
l65l  he  published  his  Geometrical  Theorems,  which 
showed  an  extensive  and  critical  knowledge  of  his  subject. 
•^In  l€55  he  printed  a  Paraphrase  of  the  Account  of  the 
River  of  Amazons,  by  father  deRennes;  and,  though 
blind,  it  is  said  he  drew  the  chart  of  the  river  and  the  ad- 
jacent parts  of  the  country,  as  in  that  work. — In  l657 
he  published  The  Theory  of  the  Planeu,  cleared  from 
that  multiplicity  of  excentric  cycles  and  epicycles,' which 
the  astronomers  had  invented  to  explain  their  motions. 
This  work  distinguished  hiin  aniong  astronomers, as  much 
as  that  of  Fortification  had  among  engineers.  And  in  l65S 
he  printed  his  Astronomical  Tables,  which  are  plain  and 
succinct. 

Few  great  men  are  without  some  foible:  Pagan's  was 
that  of  a  prejudice  in  favour  of  judicial  astrology;  and 
though  he  is  more  reserved  than  most  others  on  that  head, 
yet  we  cannot  place  what  he  did  on  that  subject  among 
thosa  productions  which  do  honour  to  his  understanding. 
He  was  beloved  and  respected  by  all  persons  illustrious 
for  rank  as  well  as  science ;  and  his  house  was  the  rendez- 
vous of  all  the  polite  and  learned  both  in  city  and  court. 
— He  died  at  Paris,  universally  regretted,  Nov.  18,  l665, 
at  6 1  years  of  age. 

Vol.  II. 


Pagan  had  R  universal  genius-,  and,  having  turned  his 
attention  chiefly  to  the  art  of  war,  and  particularly  to 
tne  branch  of  fortification,  be  made  extraordinary  pro- 
gress and  improvements  in  it  He  understood  niathenia- 
tics  not  only  better  than  is  usual  for  a  gentleman  whose 
view  is  to  push  his  fiirtune  in  the  army,  but  even  to  a 
degree  superior  to  that  of  the  ordinary  masters  who  leach 
that  science.  He  had  so  particular  a  genius  for  [his  kiyd 
of  learning,  that  he  acquired  it  more  readily  by  medita- 
tion than  by  reading  authors  upon  it;  and  accordingly 
he  spent  less  time  in  such  baoks  than  he  did  in  those  of 
history  and  geography.  He  had  also  made  morality  and 
politics  his  particular  study;  so  that  he  may  be  said  to 
have  drawn  his  own  character  in  his  Homme  Heroique, 
and  to  have  been  one  of  the  completest  gentlemen  of  bis 
time.  Having  never  married,  that  brandi  of  his  family, 
which  removed  from  Naples  to  France  in  1552,  became 
extinct  in  his  person. 

PALILICUM,  the  same  as  Aldebaran,  a  fixed  star  of 
the  first  magnitude,  in  the  eye  of  Taurus,  the  Bull. 

PALISADES,  or  Palisadoes,  in  Fortification,  stakes 
or  small  piles  driven  into  the  ground,  in  various  situa- 
tions, as  some  defence  against  the  surprise  of  an  enemy. 
They  are  usually  about  6  or  7  inches  square,  and  J)  or  10 
feet  long,  driven  about  3  feet  into  the  ground,  and  6  inches 
apart  from  each  other,  being  braced  together  by  pieces 
nailed  across  them  near  the  tops ;  and  secured  by  thick 
posts  at  the  distance  of  every  4  or  5  yards. 

Palisades  are  placed  in  the  covert-way,  parallel  to 
audatSfeet  distance  from  the  parapet  orridgeof  the  glacis, 
to  secure  it  against  a  surprise.  They  are  also  used  to 
fortify  the  avenues  of  open  forts,  gorges,  half-moons,  the 
bottoms  of  ditches,  the  parapets  of  covert-ways  ;  and  in 
general  all  places  liable  to  surprise,  and  easy  of  access. 

Palisadoes  are  usually  planted  perpendicularly; 
though  some  make  an  angle  inclining  out  towarifs  the 
enemy,  that  the  ropes  cast  over  them,  to  tear  them  up, 
may  slip. 

PALLADIO  (Andrew),  a  celebrated  Italian  archi- 
tect in  the  l6th  century,  was  a  naiiveofVicenzainLom- 
bardy,  and  thedisciple  of  Trillin,  a  learned  Patrician,  or 
Roftian  nobleman  of  that  town.  Satladio  was  one  of  those 
who  laboured  particularly  to  restore  the  ancient  beauties 
of  architecture,  and  contributed  greatly  to  revive  a  true 
taste  in  that  art.  Having  learned  the  principles  of  it,  he 
■went  to  Rome;  where,  applying  himself  with  great  dili- 
gence to  study  the  ancient  monuments,  he  entered  into 
the  spirit  of  their  architects,  and  possessed  himself  of  all 
their  beautiful  ideas.  This  enabled  him  to  restore  their 
rules,  which  had  been  corrupted  by  the  barbarous  Goths. 
He  made  exact  drawings  of  the  principal  works  of  anti- 
quity which  were  to  be  met  with  at  Rome ;  to  which  he 
added  Commentaries,  which  went  through  several  impres- 
sions, with  the  figures.  This,  though  a  very  useful  work, 
is  greatly  exceeded  by  the  4  books  of  architecture  which 
he  published  in  1570.,  The  last  book  treats  of  the  Roman  • 
temples,  and  is  executed  in  such  a  manner,  as  gives  hint 
the  preference  to  all  his  predecessors  on  that  subject.  It 
was  traulated  into  French  by  Roland  Friatt,  and  into 
U 


y  Google 


PAP 


t    «8    ] 


PAP 


English  by  several  authors.  loigo  Jones  wrote  some  ex- 
cel I  I'ut  remarks  upon  it,  which  wi^re  published  in  an  editior 
of  Palladiohy  Leoni,  1742,  iu  2  volumes  folio.  Palladk 
died  in  1530. 

PALLAS,  is  the  name  given  by  Br.  Olbers  to  a  new 
planet  discovered  by  him  at  Bremen,  March'26,  ISC'!,     Suidas 
being  now  the  7th  in  order  from  thi:  sun,  and  distant  fr 
him  about  263  million  miles:  it  periurms  its  periodic 
volution  in  l662  days,  or  4  years  7  months  1 1  days  ;  I 
it  is  too  small  to  be  perceived  by  the  naked  eye,  or  e' 
-with  the  assistance  of  a  telescope  of  an  Inferior  kind, 
elements,  as  far  as  they  have  been  at  present 
are  staled   below,   but  it  is  probable  that  futi 
lions  may  show  them  to  stand  in  need  of  some  corrections. 

Ilevolution  in  its  orbit  4  years  7  months  11  days. 

Meanlongitiide  Jan.  1st,  1804      -         9*   ■  29'   53' 

Annual  mntiun        -  -        •         2       IH     11 

Aphelion 

Node 

Excentricity  -  -    ■ 

Inclination  -  -        - 

PALLETS,  in  Clock  and  Watch  Work,  are  1 
or  levers  which  are  connected  with  the  pendul 
lance,  and  receive  ihe  immediate  impulse  of  the  swing- 
wheel,  or  balance-wheel,  sj  as  to  maintain  the  vibrations 
of  the  pendulum  in  clocks,  and  of  the  balance  in  watches. 
— The  pallets  in  all  the  ordinary  constructioos  of  clocks 


larly  mentioned  by  Suidas,  who  says  he  flourished  under 
the  emperor  Thcudosi us  the  Great,  who  reigned  from  the 
year  379  to  395  of  Christ,  His  writings  indicate  him  to 
have  bein  a  consummate  maiheraatician.  Many  of  hit 
works  are  lost,  or  at  least  have  not  yet  been  discovered. 
several  of  his  works)  as  also  Vossius  ~ 


Scicniiis  Mathemaiicisu  The  principal  of  these  e 
Matberaacical  Collections,  in  8  books,  the  first  and  part 
oftlie  second  being  lost.'  He  wrote  also  a  Commentary 
on  Ptolemy's  Almagest ;  a  Universal  Chorograpby  ;  A 
Description  of  the  Rivers  of  Libya;  A  Treatise  of  Military 
eriaincd.  Engines;  Commentaries  on  Arisiarchus  of  Samos,  eon- 
observa-  ccrning  the  Magnitude  and  Distance  of  the  Sun  and  Moon ; 
_&c.  Of  Ihese,  there  have  been  published.  The  Matfacma< 
tical  Collections,  in  a  Latin  translation,  with  a  large  Com- 
mentiiry,  by  Conunandine,'  in  folio,  15SS;  and  a  second 
edition  of  the  same  in  l66o.  In  l64i,  Mersenne  exhi- 
bited a  kind  of  abridgment  of  then  in  his  Synopsis  Ma^ 
thematlca,  irt4lo:  hut  this  contains  only  such  propositions 
as  could  be  understood  without  figures.  In  1653,  Mei- 
homius  gave  some  of  the  Lemmata  of  the  7th  book,  in  hi« 
Dialogue  on  Prcportions.  In  1688,  Dr.  Wallis  printed 
the  last  12  propositions  of  the  3d  book,  at  the  end  of  his 
Aristarchus  Samius.  In  1703,  Dr.  David  Gregory  gave 
part  of  the  preface  of  (he  7ih  book,  in  the  Prolegomena 
to  his  Euclid.  In  1706,  Dr.  Hallcy  gave  that  Preface  en- 
tire, in  the  beginning  of  his  Apollonius.  And  lastly,  the 
e  formed  on  the  verge  or  a.iis  of  the, pen-     reverend  and  learned  Dr.  Trail  (,in  an  appendix  to  his  Ac- 

dulum  or  balance,  and  are  of  various  lengths  and  shapes,     count  of  the  Life  and  Writings  of  Rob.  Simson,  u.  d.) 

according  to  the  construction  of  the  piece,  or  the  fanty  of    has  added  a  critical  account  of  the  Mathematical  Collec- 

'(he  artist.  tions  of  this  author. 

PALLtFIC.\T(0*J,  or  PiUNG,  in  Architecture,  denotes         As  the  contents  trf  the  principal  n 

the  piling  of  the  ground-work,  or  the  strengthening  it  with     tical  Collections,  are  exceedingly  ci 
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piles,  or  timber  driven  into  the  ground ;  which  is  practised 
when  buildings  ere  ejected  on  a  moist  or  marshy  soil. 

PALLISADES.     See  Palisades. 

PALM,  an  ancient  long-measure,  taken  from  the  extent 
of  the  band. — The  Roman  palm  was  of  two  kinds:  the 
great  palm,  taken  from  the  length  of  the  hand. 


the  Mathema- 
and  no  account 
of  them  having  ever  appeared  in  English  when  this  was 
written,  I  shall  here  give  a  very  brief  analysis  of  those 
books,  extracted  from  my  notes  on  this  author. 

Of  the  Third  Book— The  subjects  of  the  third  book  con- 
sist chiefly  of  three  principal  problems;  for  the  solution  ' 
L  great  many  other  problems  are  resolved,  and 


r  span,  and  contained  12  fingers,  digits,  or  ilngera  theorems  demonstrated.  The  first  of  these  three  pro- 
breadths,  or  9  Homan  inches,  equal  to  about  8}  English  blems  is.  To  find  Two  Mean  Proportionals  between  two 
inches.     The  small  palm,  taken  from  the  breadth  of  the     given  lines — The  2d  problem  is.  To  find,  what  are  called. 


hand,  contained4digits  or  fingers,  equal  to  about  3  Engli< 
inches. — The  Greek  palm,  or  doron,  was  also  of  two  kinds. 
The  small  contained  4  fingers,  equal  to  little  more  than  3 
•inches.  The  great  palm  contained  5  fingers.  The  Greek 
■double  palm,  called  dichas,  contained  also  in  proportion. 
The  modern  palm  is  different  in  different  places  where 
ills  used.    It  contains, 

At  Rome  -  -  -        -        8    3^ 

At  Naples,  according-to  Riccioli,  -        8     0 

Ditto,  according  to  others,  -        -        8    7. 

At  Genoa  -  -  ---99 

At  Morocco  and  Fez  -        -         7     2 

'        Languedoc,  and  lotae  other  parts  of  France,  9    p 
The  English  prim  is        -  -        -         3     0 

.  PALM-SUNDAY,  the  last  Sunday  in  lent,  or  the  sun- 
iday  nsxt  before  easter  day.  So  called,  from  the  primitive 
-days,  on  account  of  a  pious  ceremony  then  in  use,  of  bear- 
ing palnM,  in  memory  of  the  triumphant  entry  of  Jesus 


three  Medietates  in  a  semicircle;  where,  by  a  Medie- 
tas is  meant  a  set  of  three  lines  in  continued  proportion, 
whether  arithmetical,  or  geometrical,  or  harmonical;  so 
that  to  find  three  medietates,  is  to  find  an  arithmetical, 
a  geometrical,  and  an  harmonical  set  of  threeitecmseach. 
And  the  third  problem  is,  From  some  points  in  the  base 
of  a  triangle,  to  draw  two  lines  to  meet  in  a  point  within 
the  triangle,  so  that  iheir  sum  shall  be  greater  than  the 
sum  of  the  other  two  sides  that  are  without  them.  A  great 
many  curious  properties  are  premised  to  each  of  these 
problems ;  then  their  solutions  arc  given  according  to  the 
methods  of  several  ancient  mathematicians,  with  an  histo- 
rical account  of  them,  and  his  own  demonstrations,;  and 
lastly,  their  applications  to  various  matters  of  great  im- 
portance. In  his  historical  anecdotes,  many  curious  things 
are  preserved  concerning  mathematicians  tbat  were  ancient 
even  in  his  time,  which  we  should  ,otherwise  have  known 
nothing  at  all  about. 

In  order  to  the  solution  of  the  first  of  the  three  pro- 


■Cfarist  into  Jerusalem^  8  days  before,  the  feast  of  the  pass-  blems  above  mentioned,  he  begins  by  premising  four  _ 

over,  neral  theorems  concerning  proportions.     Then  follows  a 

PAPPUS,  a  very  eminent  Greek  mathematician  of  Alex-  disserution  on  the  nature  and  division  of  problems  by  the 

.andciatowatds  the  latter juut  of  the  4th  century,  j)articu-  anciema,- iuto  PJaoe,  Solid,  andUnear,  with  examfilet 
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5,  7,  dec,  tinei  tin 
I,  according  to  the 


«f  t^em,  tofcm  {ran  the  writiagi  of  Eimtntlienai,  Philo,    culan  ao,  b6,  cc,  &c,  will  ba  l, 

and  Hero;    A  solulion  ii  then  given  to  the  problem  cod-    radii  of  the  circles  a,  »,  c,  d,  tec 

cemiDg  two  mean  proportioiiab,  bj*  four  different  ways, 

namely,  according  to  Eiatostbenet,    Nicomedes,  Hero, 

Aod  aKer  a  way  of  bis  own,  in  whicb  be  not  only  doubles 

the  cube,  but  bIhi  fijidi  another  cube  in  any  proportion 

Hrhatever  to  a  given  cube.  , 

For  the  solution  of  the  wcond  ptoblem,  be  lays  dpwn 
very  cunous  definitions  and  properties  of  MedietaLeS  of  all 
kinds,  and  shows  how  to  find  all  in  a  great  variety  of  cas^-s, 
t>olh  as  to  what  the  ancienls  had  done  in  them,  and  what 
was  done  by  others  whom  he  calls  the  modems.  Medietas 
■eenis  to  have  been  a  general  term  invented  to  express 
threelines,  havingeitheranarithmetical,  or  a  geometrical, 
or  an  hannonical  relation  ;  for  the  words  proportion  (or  «nes  of  odd  numbers  j  the  former  proceeding  by  the 
Tado),  and  analogy  {or  similar  proportions),  are  restricted     of  even  numbers. 


to  a  geometrical  relation  only.     But  he'shows  how  all  the 
medietates  may  be  expressed  by  analogies. 

The  solution  of  the  3d  problem  leads  Pappus  (o  the  con- 
uderauon  of  a  number  of  admirable  and  seemingly  para- 
doxical problems,  cosceniing  the  inflecting  of  lines  to  a 
point  within  triangles,  quadrangles,  and  other  figures,  the 
■um  of  which  shall  exceed  [be  suln  of  the  surrounding  ex- 
terior Unei. 

Finally,  a  namberofotberpToblemsareadded,  concern- 
ing theinscriptionof  all  the  regular  bodies  within  asphere. 
The  whole  being  effected  ins  very  general  and  piircly 
thematical  way  ;  making  all  together  58  propositions, 
44  problems  and  14  theorems. 


Pappus  next  treats  of  the  Helix,  or  Spiral,  proposed  by 
Conon,  and  resolved  by  Archimedes,  demonstrating  its 
principal  properties :  in  the  demonstralion  of  some  of 
which,  he  makes  use  of  ihc  same  principles  at  Cavallerius 
did  lately,  adding  together  an  infinite  number  of  infinitely 
short  parallelograms  and  cylindersi  which  he  imagines  a . 
triangle  and  cone  to  be  composed  of. — He  next  treats  of 
the  properties  of  the  Conchoid,  which  Nicomedes  invented 
for  doubling  the  cube  ;  applying  it  to  tbe  solution  of  cer- 
tain problems  concerning  Inclinations,  with  the  finding 
of  two  mean  proportionals,  and  cubes  in  any  proportion 
via,  whatever. — Then  of  the  rcrfts/uivi^ouo-a,  or  Quadratrix, 
•o  called  from  its  use  in  squaring  tbe  circle,  for  which 


>flie4ih  Book  Iff  Pappia.—\a  the  4th  book  are  fint  purpose  it  was  invented  and  employed  by  Dinostratus, 

premised  a  number  of  theorems  relating  to  triangles,  pa-  Nicomedes,  and  others  ;  the  use  of  which  however  he  dis- 

rallclograms,  circles,  with  lines  in  and  about  circles,  and  approves,   as  it  requires  postulates  equally  hard   to  be 

the  tangeneiet  of  various  circles:  all  preparatory  to  this  granted,  as  the  problem  itself  to  be  demonstrated  by  it. 

curious  and  general  problem,  viz,  relmive  to  an  infinite  —Next  he  treats  of  Spirals,  described  on  planes,  and  on 

series  of  circles  inscribed  in  the  space,  called  apCiXov,  the  convex  surfaces  of  various  bodies.— From  another  prw 

Arbelon,  conttined  between  the  circumferences  of  two  bkm,  concerning  Inclinations,  he  shows,  how  to  trisect 

circles  touching  inwardly.    Where  it  is  shown,  that  if  the  a  g'ven  angle  ;  to  describe  an  hyperbola,  to  two  given 

infinite  series  of  circles  be  inscribed  in  the  manner  of  this  asymptotes,  and  passing  through  a  given  point ;  to  divide 

first  figaie,  where  three  semicircles  are  described  on  the  »  S'^o  »":  »'  *"K'e  in  any  given 


lines  YE,  ra,  qe,  and  the  perpendiculars  as, 


equal  lengths  from  unequal  circles ;  to  take  arcs  and  angles 
i;i  any  proportion,  and  arcs  equal  to  right  lines  ;  with  pa> 
rabolic  and  hyperbolic  loci,  which  last  is  one  of  the  in* 
clinations  of  Archimedes. 

Of  the  Sih  Book  qfPappui. — ^This  book  opens  with  re- 
flections on  the  different  natures  of  men  an<l  bnites,  the 
former  acting  by  reason  and  demonstration,  the  latter  by 
instinct^  yet  some  of  them  with  a  certain  portion  of  reason 
or  foresight,  as  bees,  in  the  curious  structure  of  their  cells, 
which  he  observes  are  of  such  a  form  as  to  complete  the 
space  quite  around  a  point,  and  yet  require  the  least  ma- 
terials to  build  them,  tocontainthesame  quantity  of  honey. 
He  shows  that  the  triangle,  square,  and  hexagon,  are  the 
&e,  let  fsll  from  the  centres  of  the  series  of  inscribed  cir-  only  regular  polygons  capable  of  filling  the  whole  space 
cles;  thm  the  property  of  these  perpendiculars  is  this,  round  a  point ;  and  remarks  that  the  bees  have  chosen  the 
viz,  that  tbe  Grstperpendicular  as  is. equal  to  the  diameter  fittest  of  these;  proving  afterwards,  in  the  propositions, 
or  double  the  radius  of  the  circle  a  ;  the  second  perpen-  -  that  of  all  regular  figures  of  the  same  perimeter,  that  is  of 
dicular  si  equal  to  dotible  the  diameter  or  4  times  the  the  largest  capacity  which  has  the  greatest  number  of  sides 
radius  of  the  second  circle  b  ;  the  third  perpendicular  cc  or  angles,  and  consequently  that  &e  circle  is  tbe  most  ca- 
equal  to  3  times  the  diameter  or  6  times  the  radius  of  the     pacious  of  all  figures  whatever. 

third  circle  c;  and  so  on,  the  series  of  perpendiculars  being  And  thus  he  finishes  this  curious  book  on  Isoperimetri- 
to  the  series  of  the  diameters,  as  1,  2,  3,  4,  &c,  to  1,  cal  figures,  both  plane  and  solid;  in  which  many  curious 
or  to  the  series  of  radii,  as  S,  4,  6,  8,  8tc,  to  1.        and  important  properties  are  strictly  demonstrated,  both 

But  if  the  several  small  circles  be  inscribed  in  the  man-  of  planes,  and  solids,  some  of  them  being  old  in  bis  tim^ 
nerof  this  second  fipure,  the  first  circle  of  the  series  touch-  and  many  new  ones  of  his  own.  In  bet,  it  srcms  he  has 
ing  the  part  of  the  line  qk  ;  then  the  series  of  peidendi>    here  brought  U^lher  into  this  book,  all  the  properties  r». 
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luiog  to  itoperimetrieal  figam  then  known,  and  thrir  dif-  till  we  arrirQ  Bt  the  {^ven  power.    Tn  thii  proponlion,  as 

lereot  degree*  of  capacity.     In  the  lait  theorem  of  the  well  aslnKreral  other  places,  be  referetoioniebouki  that 

book,  he  hai  a  dissertation  to  show,  that  ihere  can  be  no  arenowloit;  at  ArcbimedM  od  the  Balance,  and  the  Me- 

more  reeular  bodies  besides  the  live  Plutonic  ones,  or,  that  chanics  of  Hero  and  of  Philo.     Then,  from  prop.  11  to 

only  the  regular  rriangles,  squares,  and  pentagons,  will  prop.  19,  he  treats  on  various  miscellaneous  tubjects,  as, 

form  regular  solid  angles.  the  organical  cnnstruction  of  solid  problems;  (be  dimiDu- 

Ofihe  6ih  Book  t^  Papfm». — In  this  book  he  treats  of  tion  of  an  architectural  column  ;  to  descritM  an  elli[»e 
certainsphericalprvperties,  which  had  been  cither  neglect-  through  five  given  points ;  to  find  the  axis  of  an  ellipse 
cd,  or  improperly  and  imperfectly  treated  by  some  cele-  organically  ;  to  find  also  organically,  the  inclination  of  one 
brated  authors  before  his  time, — Such  are  some  things  in  plane  to  another,  the  nearest  point  of  a  sphere  to  a  plane, 
the  3d  bookof  Theodosius's  Spherics,  and  in  bis  book  on  the  points  in  a  spherical  surface  cut  by  lines  joining  cenatn 
Days  and  Nights,  as  also  some  in  Euclid's  Phenomena,  points,  and  to  inscribe  seven  hexagons  in  a  given  circle. 
For  the  sake  of  these.  Pappus  premises  and  intermixes  Prop.  20,  21,  28,  23,  leach  how  to  constmct  and  adapt 
many  curious  geometrical  properties,  especially  of  circlet  the  Tympani,  or  wheels  of  the  gloasocomum,  to  one  ano- 
of  the  sphere,  and  spherical  triangles.  He  adverts  to  some  ther,  showing  the  proportions  of  their  diameters,  the  num- 
curious  cases  of  variable  quantities  ;  showing  how  some  ber  of  iheir  teeth,  die.  And  prop.  34  shows  how  to  con- 
increase  and  dccreHse  both  ways  to  infinity  ;  while  others  struct  the  spiral  threads  of  a  screw, 
proceed  only  one  way  by  increase  or  decrease,  to  infinity.  He  comes  then  to  the  five  mechanical  powers,  by  which 
aod  the  other  way  to  a  certain  magnitude*,  and  others  a  given  weight  is  moved  by  a  given  power.  He  here  pro- 
again  both  ways  to  a  certain  mBguitude,giving  a  maximum  poses  briefly  to  show  what  baa  been  said  of  these  powers 
and  minimum.-— He  re  are  also  some  curious  properties  by  Hero  and  Philo,  adding  also  some  things  of  his  own, 
concerning  the  perspective  of  the  circles  of  the  sphere.  Their  names  are,  the  axis-in-peritrochio,  the  lever,  pulley, 
and  of  other  lines.  Also  the  locus  is  determined  of  all  wedge,  and  screw  ;  and  he  observes,  those  authors  showed 
the  points  from  whence  a  circle  may  be  viewed,  so  as  to  bow  they  are  all  reduced  to  one  principle,  though  their 
appear  an  ellipse,  whose  centre  is  a  given  point  within  the  figures  be  very  differeoL  He  then  treats  of  each  of  these 
circle ;  which  locus  is  shown  to  be  a  tcmidicle  passing  powers  separately,  giving  their  figures  and  properties,  their 
thrwugh  that  point.  construction  and  uses. 

<^tkt  7cA  Book  {^  PappKt.—\ik  the  introduction  to  this  He  next  describes  the  manner  of  drawing  very  heavy 

book,  he  describes  vet;  particularly  the  nature  of  the  ma-  weights  along  the  ground,  by  the  machine  termed  Chclone, 

theroatical  composition  and  resolution  of  [be  ancients,  which  is  a  kind  of  sledge  placed  upon  two  loose  rollers, 

distinguishing  the  particular  process  and  uses  of  them,  in  and  drawn  forward  by  any  power  whatever,  a  third  roller 

the  demonstration  of  theorems  and  solution  of  problems,  being  always  laid  under  the  fore  part  of  the  chelone,  as  one 

He  then  enumerates  all  the  analytical  books  of  the  an-  of  the  other  two  is  quitted  and  left  behind  by  the  motion 

cients,  or  those  proceeding  by  resolution,  which  he  does  in  of  the  machine.     Inlkcl,  this  is  the  same  machine  as  haa 

the  following  order,  viz,  1st,  Euclid's  Data,  in  one  book  : .  always  been  employed  on  many  occasions,  in  moving  very 

3d,  ApoUonius's  Section  of  a  Ratio,  2  books  :  3d,  his  great  weights  to  moderate  distances. 
Sectioiiof  a  Space,  2books:  4th,  his  Tangencies,  S  books:         Finally,  Pappus  describes  the  manner  of  raising  great 

5th,  Euclid's  Forisms,  3  books:  6ih,  Apollonius'slnclina-  weights  to  any  proposed  height  by  the  combination  of  me- 

tions,  2  books:  7th,  his  Plane  Loci,  2  books:  8th,  his  chanicpowen,aa,bycraneBandothermachiDes;illustrating 

Conict)  8  books :  9th,  Arlstmus's  Solid  Loci,  5  books :  this,  and  the  former  parts,  by  drawings  of  the  machines 

10th,  Euclid's  Loci  in  Superficies,  3  books;  and  11th,  that  are  described. 

Eratosthenes's  Medietates,  2  books.     So  that  all  the  books         PARABOLA,  in  Geometry,  a  figure  arising  from  the 

are  31,  the  arguments  or  contents  of  which  be  exhibits,  section  of  a  cone,  when  cut  by  a  plane  parallel  to  one  of 

with  the  number  of  the  loci,  determinations,  and  cases,  its  sides,  as  the  senlion  ase  parallel  to  the  side  vb  of  the 


Sectioni,  where  some  general properiiea 


lultitude  of  lemmas  and  propositions  laid     cone.     SeeCoHic 
down  and  demonstrated  ;  tba  whole  making  338  proposi-    are  ^veo. 
tions,  of  the  most  curioud  geometrical  principles  and  pro- 
perties, relating  to  those  books. 

€(f  ihe  8lh  Book  Iff  Pappiu^— The  8th  book  is  altogether 
on  Mechanics.  It  opens  with  a  general  oration  on  the  sub- 
ject of  mechanics ;  defining  the  science,  enumerating  the 
difierent  kinds  and  branches  of  it,  and  giving  an  account 
of  the  chief  autbors  and  writings  on  it.  After  an  account 
of  the  centre  of  gravity,  on  which  the  science  of  mechanics 
so  greatly  depends,  he  shows,  in  the  first  proposition,  that 
such  a  point  really  exists  in  all  bodies.  Some  of  the  fol- 
lowing propositions  are  also  concerning  the  properties  of  Some  other  ProperHa  qf  the  Parabola. — 1.  From  the 
the  centre  of  gravity.  He  next  comes  to  the  indiDed  same  point  of  a  cone  only  one  parabola  can  be  drawn ; 
plane,  and  in  prop.  9,  shows  what  power  will  draw  agiven  all  the  other  sections  between  the  parabola  and  the  paral- 
wdghi  up  a  given  inclined  plane,  wheti  the  power  is  given  lei  side  of  the  cone  being  ellipses,  and  all  without  them 
which  can  draw  the  weight  along  a  horizontal  plane.  In  hyperbolas.  The  parabola  has  but  one  focus,  through 
the  ioth  prop,  concerning  the  moving  a  given  weight  with  which  the  axis  AC  passes ;  all  the  other  diameten  being 
a  ^ven  power,  he  treats  of  what  the  ancients  called  a  parallel  to  this,  and  also  infinite  in  length. 
Olossocomum,  which  ia  nothing  more  than  a  series  of  2.  Theparamcier  of  the  axis  is  a  third  proportional 
nheeU-aad-axJeS)  in  any  proportions,  turning  each  other,    to  any  absciss  and  its  ordinate:  vii,  ac  :  cd  : :  cd:j> 
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PAH 

the  paTAm«ter. 

AC,  and  y  the  ordinate  cd,  it  will  \»x-.y: 


t     Mfl    3 


P  A  B 


And  therefore  if  s  denote  any  abacigg        The  game  properties  too  that  have  bees  Bhowo  of  the 

.  y^  axis  and  JtR  abscisses  and  ordinates,  &c,  are  true  ofthoseof 

'  atiy  other  diameter.  All  which,  besides  many  other  curioni 

the  parameter;  or,  by  mulliplyiog  extremes  and  means  projierties  of  the  parnbola,  may  be  seen  demonstrated  in 

px  =  J*,  which  is  the  equation  of  the  parabola.  my  Treatise  on  Conic  Sections,  and  in  the  Course  of  Ma- 

3.  The  focus  F  is  the  point  in  the  axis  where  the  double  thematics. 
ordinate  GH  is  equal  to  the  parameter.     Therefore,  in  the         ji.  To  Corutrvel  c 

equation  of  the  curve  pi  =  Jf^takingp  =  2j(,  it  becomes  produced  lake  ag  = 
Syi  =  y^,  or  2x  =  y,  thai  is  2af  =  fh,  or  af  =  \sa. 


or  the  focal  distance  from  a  vertex   af  is  equal  (o  half  the 
ordinate  there,  or  =^  jp,  one-fourth  of  the  parameter. 

4r.  The  abscisses  of  a  parabola  are  to  one  another,  as 
the  squares  of  their  corresponding  ordinates.     This   is 


Parabola  by  PoiMt. — In  the  axis 
AF  (last  Ug.  above)  the  focal  di- 
stance, and  draw  a  number  of  lines  sb,  ze,  &c,  perpendi- 
cular to  the  axis  ad  ;  then  with  the  distances  gd,  ao,  &c, 
as  radii,  and  the  centre  r,  describe  arcs  crossing  the  paral- 
lel ordinates  in  £,  e,  &c.  Then  with  a  steady  hand,  or  by 
the  side  of  a  slip  of  bent  whale-bole,  draw  the  curve 


of  the  curve  pi  =y,     through  all  the  pornis  K,  E,  E,  &c. 


evident  from  the  general  equatio 
where,  p  bei  ng  constant,  i  is  as  y*. 

5.  The  line  ¥e  ( fig.  9  abovej  drawn  from  the  focus  to     the  rule  o 
any  point  of  the  curve,  is  equal  to  the  sum  of  the  focal     below)  wi 
dtstance  and  the  absciss  of  the  ordinate  to  that  point ;  that     \^  ,;  j^g 
is  FB  IB  7A  -I-  AD  =  GD,  taking  ao  =  af  =  fp.  *  Or 
BP  is  always  =  KO,  drawn  parallel  to  dg,  tt>  meet  the  per- 
pendicular 00,  called  the  directrix. 

6.  If  a  line  tbc  cut  the  curve  of  a  parabola  in  two 
points,  and  the  axis  produced  in  t,  and  bh  and  ci  be  or- 
dinate* at  those  two  points ;  then  la  AT  a  mean  propoi- 
tional  between  the  abscisses  ak  and  At,  or  at*  =  ah.ai. 
— And  if  TS  touch  the  curve  in  I,  then  is  at  =  ad 
the  mean  between  ah  and  ai. 

7.  If  FE  be  drawn  from  the  focus  to  the  point  of  C 
tact  of  the  tangent  T£,  and  £K  perpendicular, to  the  same 
tangent;  then  is  ft  =  fb  =  fk  ;  and  the  subnormal  dk 
equal  to  the  constant  quantity  2af  or  \p. 

8.  The  diameter  bl  being  ptirallel  t^  the  axis  ak,  the 
perpendicular  EK,  to  the  curve  or  tangent  at  b,  bisects  the 
an^e  LBF.  And  therefore  all  rays  of  light  lb,  mn,  &e, 
coming  parallel  to  the  axis,  will  be  reflected  into  the  point , 
9,  which  is  therefore  called  the  focus,  or  burning  point ;  for 
the  angle  of  incidence  LBK  is  =  the  angle  of  reflection  BBf, 

9.  If  IBB  (next  6g.  below)  be  any  line,  parallel  to  the  ^3,  -j^q  jfg/a,  Tangattt  to  the  Parabola.— M  the  point  of 
axis,  limited  by  the  tangent  TC  and  ordinate  CKL  to  the  contact  c  be  given  :  (lastlig.above)  draw  die  ordinatecB) 
point  «f  contact;  then  shall  i£  :  zb  :  :  ck  :  xX.     And     ^^^  produce  the  axis  till  at  be  =  ab;  then  join  tc,  which 


BC  be  laid  upon  a  plane,  (first  fig. 
odo,  in  such  manner  that  one  of 
he  edge  of  that  rule ;  and  if  the 
thread  fmo  equal  in  length  to  do,  the  other  side  of  the 
square,  have  one  end  fixed  in  the  extremity  of  the  rule  at 
>,  and  the  other  end  in  some  point  t :  then  Slide  the  side 
of  the  square  D»  along  the  rule  b^,  and  at  the  same  time 
keep  the  thread  continually  tight  by  means  of  the  pin  M, 
witb-its  part  mo  <\ok  to  the  side  of  the  square  do  ;  so 
shall  the  curve  amx,  which  the  pin  describes  by  this  mo- 
tion, l«e  one  part  of  a  parabola. — And  if  the  square  be 
turned  over,  and  moved  on  the  other  side  of  the  fixed  point 
F,  the  other  part  of  the  same  parabola  amz  will  be  de- 
scribed. 


/ 


m.^ 


the  same  thing  ht^s  true  when  CL  is  also  in  soy  oblique     will  be  the  Ungent. 


positit 


10.  The  external  parts  of  theparallels  ie,  ta,  on,  pl, 
&c,  are  always  proportional  to  the  squares  of  their  inter- 
cepted parts  of  the  tangent ;  that  is, 
the  external  parts  i£  ,     ta  ,     ok  ,     7L  . 
'  ate  proportional  to  ci',      ct*,     co',      cp", 
of  to  the  squares  Ck',     cd*,     cm',      ci,*. 
A  property  from  which  is  immediately  derived  the  com-     to  half  the  paramaler,  .. 

'     r     ■■     -        ■      ■.  draw  the  ordinate  IE :  also  draw  ah  to  make  with  ai  the 


14.  Or  if  the  point  be  given  in  the  axis  produced ; 
take  AB  3  AT,  and  draw  the  ordinate  bc,  which  will 
give  c  the  point  of  contact ;  to  which  draw  the  line  tc  a> 
before. 

15.  If  d  be  any  other  point,  neither  in  the  curve  nor 
in  the  axis  produced,  through  which  the  tangent  is  to 
pass:  draw  deg  perpendicular  to  the  axis,  and  take  dH 
a  mean  proportional  between  de  and  Do,  and  draw  hc 
parallel  to  the  axis;  so  shall  c  be  the  point  of  contact, 
through  which  and  the  given  point  d  the  tangent  dct  is  to 
be  drawn. 

16.  When  the  tangent  is  to  make  a  given  angle  with  the 
ordinate  at  the  point  of  contact :  take  the  absciss  ai  equal 

double  the  focal  distance^and 


man  theory  of  projectiles. 

-   And  as  this  property  is  common  to  every  position  of    angleHAiequal 
the  t""g'™.  if  tl'^  ''"P'*  I"'  TA,  OB,  &c,  be  appended  to     '"  *'-  "•'"  ""'' 
the  points  i,  x,  o,  &c,  of  the  tangent,  and  moveable  abont 
them,  and  of  such  lengths  as  that  their  extremities  x,  a, 
»,  &"c,  &c,  be  in  the  curve  of  a  parabola  in  any  one  posi- 
tion of  the  tangent;  then  making  the  tangent  revolve 
abont  the  point  c,  the  extremities  e,  a,  V,  ftc,  will  always 
form  the  curve  of  some  parabola,  in  every  position  of  the    apace 
langent. 


the  given  angle  j  then  draw  nc  parallel 
iotheaEis,and  it  will  cut  the  curve  in  c  the  point  of  con- 
tact, where  a  line  drawn  to  make  the  given  angle  with  CB 
will  be  the  tangent  required. 

17.  lb  find  the  yfiea  ofn  Parabola.     Multiply  the  base 
-o  by  the  perpendicular  height  A^,  and  |  of  ibe  product 

ill  be  the  area  of  the  space  a  ioa  ;  because  the  parabolic 
ace  is  5  of  its  circumscribing  parallelogram. 

18.  To  find  the  Length  qf  the  Cmve  ac,  commencing  »t 
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Alt  vertex.— 'Het  y  a  the  ondinAte  bo,  p  =  tha  parametar,   ' 
^  =  ^,  and  «  =  ^^(1  ■*■  5*) ;  then  shall  ip  x  {^i  -t-  hyp. 
log,  of  5  +  i)  be  the  length  of  ihc  curve  AC. 

See  various  other  rules  for  the  areas,  and  lengths  of  dis 
curve.  Sic,  in  my  Treatise  on  Mensuration,  sec  6,  pa.  271, 
Ice,  4lh  editioo. 

Parabolas  qf  the  Higher  Kindi,  are  algebraic  curvec, 
defined  by  the  general  equation  a'^  '  x  =^i  that  is, 
cither  «'t=J^,  or  fl*j  =y»,  oro**  =:j(»,  &c. 

Some  call  these  by  the  name  of  paraboloids :  and  in 
particular,  if  a*x  =:^,  >t  ■>  called  a  cubical  paraboloid; 
if  a^x  ^  y*,  it  is  a  biquadratical  paraboloid,  or  a  sursolid 
paraboloid.  In  respect  of  tbese,  the  parabola  of  the  first 
kind,  above  explained,  is  called  the  Apollonian,  or  qua- 
dratic  parabola. 


Kg.!. 


Fig.S 


The 
point,! 


1  ii  also  a  bell-fonn  parabola,  with  a  conjugata 

infinitely  small  oval,  at  the  head  (fi^  l}i  being 

>  when  the  eqtiatioa  0  ^  ox^  -f-  bx*  •*-  ex  -*■  d  has 

I  equal ;  the  most  simple  equation  of  which 


Those  curves  are  also  to  be  referred  to  parabolas,  that  the  c 

are  expressed  by  the  general  equation  oi"  ^  '  =  jT,  where  its  two  less  n 

the  indices  of  the  quantities  on  each  side  are  equal,  as  be-  ]ipy^  =  x*  -t 

fore;  and  these  are  called  scmi-parabotas :  as  ai'=y  the  The  3d  is  a  parabola,  with  two  diverging  legs,  oroaii^ 

■emi-cubical  parabola;  or  oc^sy* the  semi-biquadraiical  one  another  Ulie  a  knot  (fig. S);  which  happens  when 

parabola ;  Sec.  the  equation  0  =  or'  -f-  bx*  ■*-  ex  -t-  dhu  itt  two  greater 

They  are  all  comprehended  under  the  more  general  n>ots  equal ;  the  more  simple  equation  being  p^  =:  x* 

equation  a'z*:=y'-t-*i  where  the  two  indices  on  one  side  ■*■  ax*. 

•re  still  equal  to  the  index  on  the  other  side  of  the  equa-  The  4lh  is  a  pure  bell-form  parabola  (fig.  3) ;  being  the 

tioa  I  nbich  include  both  the  former  kinds  of  equations,  as  case  when  0  ^  ax^  •*■  h:^  ■*■  ex  •*■  d  has  two  imaginary 

well  as  such  as  these  following  ones,  viz,  aV  say*,  or  roots ;  and  its  most  Aimple  equation  is  ;^  =  x^  -»-  a',  or 

«*x*=y,  orffir^rsy',  &c.  ^*  =  j^ -♦- a*i. 

Cbrtestm  Parabola,  is  a  curve  of  the  3d  order  ex>  The  5th  a  parabola  with  two  diverging  legs,  farming  at 

pressed  by  the  equation,  ly  s  ox* -•-  frx* -h  « -4- <I|  con-  "    '                       "           -  j.-i-i- -   -  .  --     ..     .   ■ 


taining  four  infinite  legs, 
vis,  two  hyperbolic  ones, 
KM  and  Bffi,  to  the  com- 
mon asymptote  ab,  tend- 
ing contrary  ways,  and  two 
parabolic  legs  Mtr  and  dk 
joining  them,  being  New- 
ton's 6€th  species  of  lines 
•f  the  9d  order,  and  called 
by  him  a  Trident.  It  is 
used  by  Descartes,  in  the 


their  meeting  a  cusp  or  double  point  (fig.  4)  ;  being  the 
case  when  the  equation  0  ^  ox^  -¥  bx^  -t-  ex  •*•  if  has  three 
equal  roots;  so  that^'  =x^  is  the  most  simple  equation 
of  this  curve,  which  indeed  is  the  semi-cubical,  or  Neilian 
parabola. 

If  a  solid  generated  by  the  rotation  of  a  semi-cabical 
parabola,  about  its  axis,  be  cut  by  a  plane,  each  of  thesS 
five  parabolas  will  be  exhibited  by  its  sections.  For,  when 
the  cutting  plane  is  oblique  to  the  axis,  but  falls  below  it, 
the  section  is  a  diverging  parabola,  with  an  oval  at  its 
head.  When  it  is  oblique  to  the  axis,  but  paaes  through 
the  vertex,  the  section  is  a  diverging  parabola,  having  an 


3d  book  of  his  Geometry,  for  finding  the  roots  of  equa-  infinitely  small  oval  at  its  head.     When  the  cutting  plane 

tions  of  6  dimensions,  by  means  of  its  intersections  with  a  is  oblique  to  the  axis,  it  folia  below  it,  and  at  the  same 

circle.     Its  most  simple  equation  u  xy  =  x'  -*•  g^.     And  time  touches  the  curve  surface  of  the  solid,  as  well  as  cuts 

points  through  which  it  is  to  pass  may  be  easily  found  by  it,  the  section  is  a  diverging  parabola,  with  a  nodus  or 

means  of  a  common  parabola  whose  absciss  is  ax''  -t-  6j  -^  c,  knot.   When  the  cutting  plane  falls  above  the  vertex,  either 

and  an  hyperbola  whose  absciss  is  - ;  for  y  will  be  equal  P""^'*='  "  ""'^"^^ '°  ^^^*''^  the  section  is  a  pure  di- 

''                                          X          **                  ^  verging  parabola.     And  lastly,    when  the  cutting  plane 

to  the  sum  or  difference  of  the  corresponding  ordinates  of  posses  through  the  axis,  the  section  is  the  semi-cubical  pa- 

this  parabola  and  hyperbola.  rabola  from  which  tbe  solid  was  gtneraled. 

Descartes,  in  the  place  above  mentioned,  shows  how  to  PARABOLIC  Atymplou,  ii  used  for  a  parabolic  line 

describe  this  curve  by  a  continued  motion.    And  Maclau-  approaching  to  a  curve,  so  that  they  never  meet;  yet  by 

rin  does  the  same  thing  in  a  different  way,  in  hisOrganica  producing  both  indefinitely,  their  disunce  from  each  other 

Ceometria.  becomes  less  than  any  given  line. 

iMtwjyiB^  Parabola,  is  a  name  given  by  Newton  to  a  There  may  be  as  many  different  kinds  of  these  asym- 

species  of  five  diffisrent  lines  of  the  third  order,  expressed  ptotea  as  there  are  parabolas  of  different  orders.     When  a 

by  the  equation  y*  ^  ar^  ■*- bz^  +  ex  -t-  d.         ,  curve  has  a  common  parabola  for  its  asymptote,  the  ratio 

The  first  is  a  bell-form  paral>ola,  with  an  oval  at  its  of  the  subtangent  to  tbe  absciss  approaches  continually  to 

head  (fig.  I) ;  which  h  the  case  when  tbe  equation  0  =  j^g  ^fjf,  ^f  2  to  1,  when  the  a>is  of  the  parabola  coia- 

ffliJ  +  ix*  -I-  CI  -»-  d,  has  tbree  real  and  unequ^  roots;  so  ^^^  ^j^i,  ,i,e  base;  but  this  ratio  of  the  subtangent  to  the 

that  one  0/  the  most  simple  equations  of  a  curve  of  this  ^\^i„  approaches  to  that  of  I  to  2,  when  the  axis  is  per- 

kindis^  —  x* -t.  ax' •*■  a'x.  peodicularto  the  base.     And  by  observing  the  limit  to 

which  tbe  ratio  of  the  subtangent  and  absciss  approaches, 
parabolic  asymptotes  uf  various  kinds  may  be  discovend. 
See  Maclsurin's  Fluxions,  art.  337. 
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Pababolic  CoROi'rf,  is  a  solid  generated  by  the  rotation 

of  a  parabola  about  its  axis. — This  sotid  is  equal  to  half 

its  circumscribed  cylinder;  atid' therefore  if  the  base  be 

multiplied  by  the  height,  half  the  product  uiU  be  the  bolid 

content. 

7bfaui  ih  Curve  Siaface  qfa  Paraboloid. 
Let  BAD   be  the  generating  para* 

bola,  AC  =  AT,  and  bt  a  tangent  at 

B.     Put  p  =  3-1416,  y=  BC,  T  =  AC 

^  AT,  and  (  =  BT  =  v^(4x'  +  j*) ; 

then  is  tiie  curve  sutface  ==  ^  <iy  x 

<■'  *  tt;)- 

See  various  other  rules  and  geome- 
ttical  constructions    for  the  surfaces 
parabolic  conoids, 
edition. 

PARABOtici^i-amiWoiff,  isasolid  figure  thus  named  by 
Dr.  Waltis,  from  its  genesis,  or  formation,  which  is  thus; 
Let  all  the  sq^uares  of  the  ordinaies  of  a  parabola  be  con- 
ceived to  be  so  placed,  that  ibe  axis  shall  paas  perpendi- 
.cularly  through  all  tbeir  centres ;  then  the  aggregate  of 
all  these  planes  uill  form  the  parabolic  pyramidoid. — This 
'figure  is  equal  to  half  its  circumscribed  parallelopipedon. 
iuid  therefore  the  solid  content  is  found  by  multiplying  the 
base  by  the  altitude,  and  taking  half  the  product ;  or  tltc 
one  of  these  by  half  the  other. 

Parabolic  Space,  is  the  space  or  area  included  by 
the  curve  line  and  base  or  double  ordinate  of  the  parabola. 
The  area  of  this  space,  it  has  been  shown  under  the  article 
Parabola,  is  ^  of  its  circumscribed' parallelogram  ;  which 
is  its  quadrature,  and  which  was  first  found  out  by  Archi- 
medes, though  some  say  by  Pythagoras. 

Pakabolic  ^ndle,  is  a  solid  figure  conceived  to  be 
formed  by  the  rotation  of  a  parabola  about  its  base  or 
double  ordinate. — ^This  solid  is  equal  to  -^  of  its  circum- 
scribed cylinder.  See  my  Mensuration,  prob,  15,  pa.  296, 
&c,  4ih  edition. 

PABABOLic^raf.    See  Heligoid  Porafcolo. 

pARABOLiro&u  Curva,a  name sorocti met  given  to  the 
parabolas  of  the  higher  orders. 

PARABOLOIDES,  parabolas  of  the  higher  orders.— 
The  equation  for  all  curves  of  this  kind  being  tf°  —  "i" 
s=y,  die  proportion  of  the  area  of  any  one,  to  the  com- 
plement of  it  to  the  circumscribing  parallelogram,  will  he 
as  m  to  n. 

PARACENTRIC  Motion,  denotes  the  space  by  which 
a  revolving  planet  approaches  nearer  to,  or  recedes  farther 
from,  the  sun,  or  centre  of  attraction. 

Thus,  if  a  planet  in  a  move  towards  B ;  then  is  sb— 
BA  =  iB  the  paracentric  motion  of  that  planet:  where  s 
denotes  the  place  of  the  sun. 
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the  VisCeniripcta;  and  is  expressed  by  the  line  AL'drawa 
from  the  poiiit  a,  parallel  to  the  ray  SB  (infinitely  near 
sa),  till  il  intersect  the  tangent  bl. 

PARACHUTE,  or  FaU-brcaktr,  an  instrument  in  form  " 
of  a  large  umbrella,  by  means  of  which  a  person  may 
safely  descend  to  the  ground  with  a  small  velocity,  from  a 
balloon,  or  from  any  great  height  in  the  air, — ^Tiiis  is 
elfected  by  the  great  resistance  of  the  air  against  the 
descending  machine;  which,  being  resisted  by  a  force  in- 
creasing as  the  square  of  the  velocity,  soon  comes  to  de- 
scend with  ^  uniform  motion.  And,  to  determine  what 
size  it  is  necessary  the  parachute  ought  to  have,  in  order 
that  the  velocity  may  be  at  any  given  moderate  rate,  see 
the  solution  of  prob.  1,  tract  38,  vol.  3,  of  my  Mathero>- 
tical  and  Phi  lost  iphical  Tracts. 

PARALLACTIC  Angle,  called  also  simply  Paballax, 
is  the  angle  EST  (last  fig.  above)  made  at  the  centre  of 
a  star,  &c,  by  two  lines,  drawn,  the  one  from  the  centre 
of  the  eanh  at  T,  and  the  other  from  its  surface  at  E.— 
Or,  which  amounts  to  the  same  thing,  the  parallactic 
angle  is  the  difference  of  the  two  angles  cea  and  bta, 
under  which  the  real  and  apparent  distances  from  the 
aenith  are  seen. — The  srties  of  the  parallactic  angles  elt, 
EST,  at  [he  same  or  equal  distances  DS  from  the  senith, 
are  In  the  reciprocal  ratio  of  the  distances,  tl,  and  T3, 
from  the  centre  of  the  earth. 

PARALLAX,  is  an  arch  of  the  heavens  intercepted 
between  the  true  place  of  a  star,  and  its  apparent  place. 
The  true  place  of  a  star  s,  is  that  point  of  the  heavens  B, 
in  which  it  would  be  seen  by  an  eye  placed  in  the  centra 
of  the  earth  at  T.  And  the  apparent  place,  is  that  point 
of  the  heavens  c,  where  a  star  appears  «>  an  eye  on  th« 
surface  of  the  earth  at  b.  This  difference  of  places,  is 
what  is  called  absolutely  the  parallax,  or  the  parallax  of 
altitude  ;  which  Copernicus  calls  the  commutation ;  and 
which  therefore  is  an  angle  formed  by  two  visual  rays, 
drawn,  the  one  from  the  centre,  Aa  other  from  the  cir- 
cumference of  the  earth,  and  traversing  the  body  of  tb6 
star;  being  measured  by  an  arch  of  a  great  circle  inters 
cepted  between  the  two  points  of  true  and  apparent  places, 
b  and  c. 

The  Parallax  qfAltiitide  cb  is  properly  the  difference 
between  the  true  distance  from  the  zenith  a b,  and  tho 
apparent  distance  AC.  Hence  thi  parallax  diminishes 
the  altitude  of  a  star,  or  increases  its  distance  from  the 
Kenith  ;  and  it  has  therefore  a  contrary  effect  to  the  refrac- 
tion.— The  parallax  is  greatest  in  the  horizon,  called  the 
horizontal  parallax  eft.  From  hence  it  decreases  all  the 
way  to  the  zenith  D  or  a,  where  it  is  nothing;  the  reel  and 
apparent  places  there  coinciding. 

The  horizontal  parallax  is  the  same,  whether  the  star 
be  in  the  true  or  apparent  horizon. — The  fixed  stars  have 
no  sensible  parallax,  on  ftccount  of  their  immense  distance, 
to  which  the  semidiamcter  of  the  earth  is  but  a  mere 
point:  and  therefore  lines  drawn  from  any  two  parts  of 
the  earth,  to  the  stars,  may  be  considered  as  paralleL 
Hence  also,  the  nearer  a  star  is  to  the  earth,  the  greater 
is  its  parallax  ;  and  on  the  contrary,  the  farther  it  is  off, 
the  less  is  tbo  parallax,  at  an  equal  elevation  above  the 
horizon.  So  the  star  at  s  has  a  less  parallax  than  the 
star  at  i.  Saturn  is  so  high,  that  it  is  difficult  to  observe 
in  him  any  parallax  at  all. 

'  Parallax  increases  the  right  and  oblique  ascension,  and 
diminishes  the  descension;  it  diminishes  the  northern  de- 
clioation  and  latitude  in  the  eastern  port,  and  iecAMCt 


vGoogle 


PAR 


[    iw   3 


PA  I 


thom  in  the  ne&tern  ;  but  it  increases  the  southern  d«li- 
natiun  in  the  eastern  and  wealern  [>art;  it  ditninishci  (be 
longitude  in  the  ncstem  part,  and  incri'Sses  it  in  the 
eattern.  Parallax  ihurcfo re  bat  just  opposite  effect!  to 
refraction. 

The  doctrine  of  parallaxM  is  of  the  greatest  import- 
ance in  astronomy,  for  determining  tbe  distances  of  the 
planets,  comets,  and  other  phenomena  of  the  heavens  ;  for 
the  calcutalionof  eclipses,  and  for  findingthc  longitude. 

Parallax  of  Sight 
jhcensuM  and  Dtsoat' 
am,  is  an  arch  of  tbe 
equinoctial  od,  by 
which  the  parallax  of 
altitude  increases  the 
ascension ,  ai  I  d  di  m  in  i  sh> 
et  the  desceosioti. 

Pakallax  qf  De- 
eUnMioit,  it  an  arch  of 
a  circle  of  declination 
Ml,  by  which  the  paral- 
lax of  altitude  increases 
ordiminisbei  the  declioatioD  of  a  star. 

Parallax  qf  Latitude,  is  an  arch  of  a  circle  of  lati- 
tude si,  by  which  the  parallax  of  altitude  increases  or 
diminishes  the  latitude. 

Mautruai  Parali-ax  t)fihe  Sun,  is  an  angle  formed  by 
two  right  tines;  one  drawn  from  the  earth  lo  tbe  sun, 
8od  another  from  tbe  son  to  tbe  moon,  at  either  of  their 
(jaadcatures. 

Parallax  qftke  Aiuual  Orbit  t^ihe  Earth,  is  the  dif- 
ference between  tbe  heliocentric  and  geocentric  pUce  of 
a  planet,  or  the  angle  at  any  planet,  subtended  by  the 
distance  between  the  earth  and  sun.  There  are  various 
methods  for  findine  the  parallaxes  of  the  celestial  bodies ; 
some  of  the  principal  and  easier  of  which  are  as  follow  : 

To  obtene  the  Pab^.lax  qfa  Celetlial  Body. — Observe 
when  the  body  is  in  the  same  vertical  with  a  fixed  star 
which  is  near  it,  and  in  that  position  measure  its  apparent 
distance  from  the  star.  Observe  again  when  the  body  and 
■tar  are  at  equal  altitudes  from  the  horizon ;  and  there 
measure  their  distance  again.  I'hcn  the  difference  of  these 
distances  will  be  tbe  parallax  very  nearly. 

To  obaerte  the  Mom'i  Parallax. — Observe  very  ac- 
curately tbe  moon's  meridian  altitude,  and  note  the  mo- 
ment of  tinte.  To  ibis  time,  equated,  compute  her  true 
latitude  and  longitude,  and  from  these  find  her  declina- 
tion; also  from  her  declination,  and  the  elevation  of  the 
equator,  find  her  true  meridian  altitude.  Subtract  the 
refraction  from  the  observed  altitude  :  then  the  difTcrenee 
between  the  remainder  and  tbe  true  altitude,  will  be  the 
parallax  soughL  If  the  observed  altitude  be  not  meridi- 
onal, jcduce  it  to  the  true  altitude  for  the  time  of  obser- 
vation. By  this  means,  in  1583,  Oct.  13  day  Sh.  l^  m. 
from  the  moon's  meridian  altitude  observed  at  13°  38', 
Tycho  found  her  parallax  to  be  j4  minutes. 

Toofwerre  fie  iifoDn'(PAR«LLAX  i»im£cJi]pte. — In  an 
eclipse  of  the  moon  observe  when  both  horns  are  in  the 
tame  vertical  circle,  and  at  that  moment  take  the  alii- 
Indes  of  both  horns;  then  half  their  sum  will  be  nearly 
the  apparent  altitude  of  the  moon's  centre ;  from  which 
subtract  the  refraction,  which  gives  tbe  apparent  altitude 
freed  from  refraction.  But  the  true  altitude  is  nearly 
equal  to  the  altitude  of  the  centre  of  the  shadow  at  that 
time:  now  the  altitude  of  tbe  centre  of  the  shadow  is 


known,  because  we  know  the  sun's  place  in  the  ecliptic, 
and  'his  depression  below  the  horizon,  which  is  equal  to 
the  altitude  of  the  opposite  point  of  the  ecliptic,  in  which 
the  centre  of  the  shadow  is.  Having  thus  the  true  and  ap- 
parent altitudes,  their  dilference  is  the  parallax  sought. 
Lahirc  makes  tbe  Krestest  horisontal  parallax  1°  l'  25", 
and  the  least  54'  5".  M.  le  Monnier  determined  the  mean 
parallax  of  the  moon  to  be  57'  12".  Otbci*  have  made  it 
57'  18'. 

Prom  tht  MootCt  Parallax  ebt,  and  aititude  &t  (last 
fig,  but  one)  ;  to  find  her  diita^ce  from  the  Earth. — From 
her  apparent  altitude  given,  there  is  given  her  apparent 
senith distance,  i.e.  the  angle  aes;  or  by  her  true  altitude, 
the  complement  angle  ats.  TheVefore,  since  at  the  same 
time,  tbe  parallactic  angle  s  is  known,  the  3d  or  supple- 
mental angle  tes  is  also  known.  Then,  considering  tbe 
earth's  semidiameter  te  as  1,  in  the  triangle  tbs  arc  given  < 
all  tbe  angles  and  the  side  tb,  to  find  es  tbe  moon's  -dis- 
tance from  the  sur&ce  of  the  earth,  or  ts  her  distance 
from  the  centre. 

Thus  Tycho,  by  the  observation  above  mentioned,  found 
the  moon's  distance  at  that  lime  from  the  earth,  was  63 
of  the  earth's  sem id ia meters.  According  to  Lahire's  de- 
termination, lier  distance  when  in  Ihr  perigee  is  near  56 
semi  diameters,  but  in  her  apogee  near  ()A\ ;  and  therefore 
the  mean  nearly  i9\i  or  in  round   numfaen  60  semidia- 

Uence  also,  since,  from  the  moon's  theory,  there  it 
given  the  ratio  of  her  distances  from  the  earth  in  the 
several  degrees  of  her  anomaly ;  those  distances  being 
found,  by  the  rule  of  three,  in  semidiametaraof  the  earth, 
the  parallax  is  thence  determined  to  the  several  degrees  of 
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To  obtOTc  tht  Pa&allax  qf  Man.—  1.  Su[qKMe  Man 
to  be  in  the  meridian  and  eauator  at  a  :  and  that  the  ob- 
server, under  tbe  equator  in  A,  observes  bim  culminating 
with  some  fixed  star.  2.  If  now  the  observer  were  in  the 
centre  of  the  earth,  he  would  see  Man  constantly  in  the 
same  point  of  the  heavens  with  the  star;  and  therefore, 
together  with  it,  in  tbe  plane  of  the  horiion,  or  of  the  6th 
horary :  but  slaa  Mars  here  has  some  sensible  parallax, 
and  the  fixed  star  has  none.  Mars  will  be  seen  in  the  ho- 
rizon, when  in  p,  tbe  plane  of  the  sensible  boriion ;  and 
the  star,  when  in  r,  tbe  plane  of  tbe  (rue  horixon  :  (here> 
fore  observe  the  time  between  the  transit  of  Mars  and  of 
the  star  through  the  plane  of  the  6tb  hour. — 3,  Convert 
this  time  into  minutes  of  the  equator,  af  the  rate  of  15 
degrees  to  the  hour;  by  which  means  there  will  be  ob- 
tained the  arch  fh,  to  which  the  angle  yah,  and  con- 
sequently the  angle  akd,  is  nearly  equal;  wbkh  is  the 
horizontal  parallax  of  Man. 

If  the  observer  be  not 
under  the  equator,  but  in 
a  parallel  iq,  that  differ- 
ence will  lie  a  Jess  arch 
QM.;  therefore, 
small  arches  <jM  and 
are  nearly  as   their  s 

is  equal  to  the  distance  of  ihe  place  from  the  equator, 
i.e.  to  the  elevation  of  the  pole,  or  the  latitude;  there- 
fore AD  is  to  ID,  as  radius  to  the  cosine  of  tbe  latitude; 
hence  w'e  have  this  proportion,  as  the  cosine  of  the  lati- 
tude ID  is  to  radius,  so  is  the  parallax  observed  in  i,  to 
the  parallax  \inder  the  equator. 
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'SSdm  Martud  the  fixed  itar  cannot  I>e ecmnuHliously  niontli  of  Movcnber  o.  s.  in  the  yean  9I8,  II61,  lS96t 

tibMrved  inthehomon;  let  them  be  observed  ia  the  circle  l63I,  1639,  1674,  2100.  2117;  and  at  the  descending 

of  the, Sd  hour:  and  since  the  parallax  observed  there  node  in  May  o.  b.  in  the  years  lOM,  1383,  1291,  1518, 

T«,  is  to  the  horizontal  one  pu,  ai  IB  to  ID  ;  My,  as  the  1526,    176I,  1769,   199o<   2004.     FhiloK.Tnnt.Abr. 

sine  of  the  angle  ids,  or  45°  (since  the  plane  do  is  in  the  vol.  3,  pa.  448,  Sec. 

middle  between  the  meridian   dh  and  the  true  horixon  Dr.  Halley  even  then  concluded,  that  if  the  interral  of 

Dm),  is  to  radius,  so  is  the  parallax  to  to  the  horiaontal  lime  between  the  two  interior  contacts  of  Venus  with  th« 

parallax  th.  cnn,  could  be  measured  to  the  exactnesi  of  a  second,  in 

If  Mara  be  likewise  out  of  the  plane  of  the  eqnator,  two  plaees  properly  situated,  the  sun's  parallax  might  be 

the  parallax  found   wiirbe  an  arch  of  a  parallel;  which  determined  within  its  500tb  part.     And  this  conclusion 

must  therefore  be  reduced,  as  above,  to  an  arch  of  the  was  more  fully  explained  in  a  subsequent  paper,  concerts 

equator.— Lastly,  if  Mars  be  not  stationary,  but  either  irtg  the  transit  of  Venus  in  the  year  ITSl,  in  the  Pfailos. 

direct  or  retrograde,  by  observattoHs  for  teveral  days  find  Trans.  No.  348,  or  Abr.  vol.  11,  pa.  553. 

It  what  his  motion  is  every  hour,  that  his  true  place  It  does  not  appear  that  any  of  the  preceding  trautiti 


had  been  observed;  except  that  of 
1639,  by  our  ingenious  countryman 
Mr.Horrox,  and  his  fticndMr. Crab- 
tree,  of  Manchester.  But  Mr.  Horrox 
died  on  the  3d  of  January,  1641,  at 
the  age  of  25,  just-  after  he  had. 
finished  his  treatise,  Venus  in  Sole 
I  which  he  discovers  a  mora 


from  the  centre  may  be  assigned  for  any  given  time. 

By  this  method  Cassini,  who  was  the  author  of  it,  ob- 
served the  greatest  horizontal  parallax  of  Mars  to  be  35" ; 
but  Mr.  Flamsteed  found  it  'near  30".  Cassini  observed 
also  the  parallax  of  Venus  by  the  same  met)iad. 

To  find  file  Sm's  Parallax. — ^Thc  great  distance  of 
the  sun  renders  his  parallax  too  small  to  fall  under  e 
the  nicest  immediate  observatioti.     Many  attempt*  have 

indeed  been  made,  both  by  the  ancients  and  modems,  and  accurate  knowledge  of  the  dimensions 

many  methods  invented  for  that  purpose.     The  first  was  of  the  solar  system,  than  bis  learned 

that  of  Hipparchus,  which  was  followed  by  Ptolemy,  Sec,  commentator  Hevelius. 
and  was  founded  on  the  observation  of  lunar  eclipses.         To  give  a  general  idea  of  this  ine- 

The  second  was  that  of  Aristarchus,  in  which  the  angle  tfaod  of  determining  the  faoriiontal 

subtended  by  the  semidiameter  of  tike  moon's  orbit,  seen  parallax  of  Venus,  utd  thence,  by 

from  the  sun,  was  sought  from  the  lunar  phases.     But  analogy,  the  parallax  and  distance  of 

these  both  proving  deficient,  astronomers  now  have  re*  the  sun,  and  of  all  the  planets  from 

course  to  the  parallaxes  of  the  nearer  planets.  Mars  and  him ;  let  dba  be  the.earth,  v  Venus, 

Venus.     Now  frum  the  theory  of  the  motions  pf  the  earth  and  tbk  the  eastern  limb  of  the  sun, 

and  planets,  there  is  known  at  any  time  the  proportion  of  Now,  to  an  observer  at  b,  the  point 

the  distances  of  the  sun  and  planets  frum  us;  and  the  t  of  that  limb  will  be  on  the  roeri- 

horizontal  parallaxes  being  reciprocally  proportional  to  dinn,  and  its  place  as  referred  to  the 

those  distances ;  by  knowing  the  parallax  of  a  planet,  that  heavens  will  be  at  B,  and  Venus  will 

of  the  sun  may  be  thence  found.  appear  just  within  it  at  ■•     But  to  an 

Thus  Mars,  when  opposite  to  the  sun,  is  only  half  the  observer  at  a,  at  the  same  instant, 

distance  of  the  sun  from  us,  and  therefore  his  parallax  Veniu  is  east  of  the  sun,  in  the  right 

wilt  be  twice  as  great  as  that  of  the  sun.     And  Venus,  line  aw  ;  the  point  t  of  the  sun'a 

when  in  her  inferior  conjunction  with  thesun,  is  sometimes  limb  appears  at  ein  the  heavens,  anfl 

nearer  us  than  he  is ;  and  therefore  her  parallax  is  greater  if  Venus  were  then  visible  she  would 

in  th,e  same  proportion.    Thus,  from  the  parallaxes  of  appear  at  r.    The  angle  cva  is  the 

Mars  and  Venus,  Cassini  found  the  sun's  parallax  to  be  horilontal  parallax  of  Venus  j  which 

I€f';  whence  his  distance  comes  out  22000  semidiameteis  is  equal  to  the  opposite  angle  rvE, 

of  the  earth.  measured  by  the  arc  Fa.     Ate  is  the 

But  the  most  accurate   method  of  determining  the  san's   horiiontal  parallax,  equal   to 

parallaxes  of  these  planets,  and  thence  the  parallax  of  the  the  opposite  angle  en,  measured  by 

tun,  is  that  of  observing  their  transit,    However,  Mercury,  the  arc  eE ;  and  rae  or  vac  it  Venus^ 

though  frequently  to  be  seen  on  the  sun,  is  not  fit  for  this  horitontal   parallax    from    the  tun, 

purpose;  because  lie  it  so  near  that  luminary,  that  the  which    may  be   found  by  observing  ' 

difference  of  their  parallaxes  is  always  less  than  the  lolar  how  much  later  in  absolute  tirae  her 

parallax  required.     But  the  parallax  of  Venus,  being  al-  total  ingress  on  the  sun,  is,  at  teeo 

most  4  timesasgreatas  the  solar  parallax,  will  cause  veiy  from  a,  than  at  seen  from  1,  which  Is 

sensible  differences  between  the  times  in  which  she  will  the  time  she  takes  to  move  from  v  to 

teem  to  be  passing  over  the  sua  at  different  parts  of  the  f,  in  her  orbit  aw. 
earth-    This  method  <tf  determining  the  tun's  parallax  ap-        If  Venus  were  nearer  the  earth,  at 

pearttohavebeenGrstpropoBadbyMr.JamesGregory,viz,  at  v,  her  horizontal  parallax  from 

in  his  Optica  Promota,  Schot.  pa.  130,  published  in  l663.  the  sun  would  be  the  arc  /c,  which 

With  the  viewof  engaging  the  attention  of  astronomers  measurei  the  angle  7Ae;    and   this 

to  this  method  of  determining  the  sun's  parallax,  Dr.  angle  is  greater  than  the  angle  rAe,bjr 

Halley  communicated  to  the  Royal  Society,  in  1691,  a  the  difference  of  their'  measures  rf. 

paper,  containing  an  account  of  the  several  years  in  which  Sotbat,asthedittancaofthece]ettiaI 

such  a  transitmayhappeti,computedfrom  the  tablet  which  object  from  the  esrth  is  lets,  iu  pa* 

were  then  in  use :  thoto  at  the  aicendiog  node  occur  is  tb*  ,  nUwt  it  the  greater. 
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Now  it  bu  becB  alreaily  obierved,  ttnt  tbe  horiionUl 
parallaxes  of  the  planets  are  inrenely  aa  their  distances 
from  the  earth's  centre;  and  ceiuequenily,  as  the  sun's 
distance  at  the  time  of  tbe  transit,  is  to  Venus's  distance, 
io  is  tiiB  paialiax  of  Venus  to  that  of  the  son :  and  ds  the 
Run's  mean  distance  from  the  earth's  centre,  is  to  bis  di- 
■tance  on  the  day  of  tbe  transit,  so  is  his  horisontal  paral- 
lax on  that  day,  to  his  horisgntd  parallax  it  the  time  of 
his  mean  distance  from  the  earth's  centre.  Hence  bis 
true  distance  in  semidiameten  of  the  earth  may  be  ob- 
tained by  the  following  analogy,  via,  as  the  sine  of  the  sun's 
parallax  is  to  radius,  so  is  unity  or  ike  earth's 


PAR 


Vesta's  dirtance  -  -         220,739,033 

Juno's  distance  '  -  •        349,686,461 

-pallas'  distance  -.  .         3£9,154,878 

Ceres'  distance  .  .  259,342,33« 

Jupiter's  distance  •  .        467,473,000 

Saturn's  distance  -  •         894,162,000 

Uranus'  distance  -  -      1 ,788,477,960 

Seethe  PhiIos.Tnns.  vol. 6l,  pa. 572. 

But  others,  by  taking  the  results  of  those  observatiou 
that  are  most  to  be  depended  on,  have  made  the  sun's 
parallax  at  his  mean  distance  from  the  earth  to  be  8''6045i 
ame-  and  some  make  it  only  8*'64.  According  to  ihc  former  of 
)  the  number  of  semiiliaraeters  of  the  earth  in  the  these,  the  sun's  mean  distanccfrom  theeiirth  is95, 109,736 
■na's  distance  from  the  centre;  which  number  multiplied  miles;  and  according  to  the  latter  it  is  95,834,743  miles, 
by  the'  number  of  miles  in  the  earth's  leroidiametcr,  will     On  the  whole  there  seems  reason  to  coneltide  that  tbe  sun's 

S'  re  th^  number  of  miles  in  the  sun's  distance.  Then  from     horiiontal  parallax  may  be  staled  at  S"'6,  and  bis  distance 
e  proportional  distances  of  the  planets,  determined  by     near  95  millions  of  miles.     Hence,  the  folliiwing  hoiizon- 
tfae  theory  of  grarity,  their  true  distances  may  be  found,     tal  parallaxes: 


And  from  their  apparent  diameters  at  these  known  di- 
•tancesr their  real  diameters  and  bulks  may  be  found. 

Mr.  Short,  with  great  labour,  deduced  the  quantity  of 
the  sun's  parallax  from  the  best  observations  that  were 
made  of  the  transit  of  Venus,  on  the  6th  of  June,  17<5l 
(for  which  see  Philoi. Trans,  vol.  51  and  52)  both  in  Bri- 
tain and  in  foreign  parts,  and  found  it  to  have  been  A''-Si 
on  tbe  day  of  the  transit,  when  the  sun  was  \-cry  nearly  at 
his  greatest  distance  from  tbe  earth ;  and  consequently  8"'6S 
when  the  sub  is  at  his  mean  distance  from  the  earth.  See 
Philos. Trans,  vol.  52,  pa.6ll,&c.  Whence, 
As  sin.  8''-65  -  -  log.     5-6S19140 

to  radius  -  -  -       lO-OOOOOOO 

So  is  1  senidiameter  -  -         00000000 

to  23833*84  semidiameters      -  •        4-37E0B60 

that  is,  33692tA  i>  tl>'  number  of  the  earth's  semidia- 
meten  contained  in  its  distance  from  the  lun ;  and  this 

jiumber  of  semidiameters  being  multiplied  by  3985,  the    a  smgle  second  of  a  degree. 
number  of  English  miles  contained  in  the  earth's  semidia-    earth's  annual  orbit, 


r  (though  later  observations  make  this  semidiameter     not  subtend  en  Rnele  of  a 
.only  595-7  miles),  there  is  obtained  95,173,137  miles     of  the  distance  of  the  fixed  si 


parallax  of  the  sun  -  0*       %'-6 

Moon's  greatest  -  -  6I     32 

Moon's  least  -  -  54       4 

Moon's  mean  -  -  57     48 

Mars's  -  -  0     25 

0/ihe  Parallax  of  the  Fixed  Slar$.    As  to  the.  fixed 
stars,  their  distance  is  so  great,  that  it  has  never  been  found 
that  they  have  any  sensible  parallax,  either  with  respect 
to  the  earth's  diameter,  or  even  with  regard  to  the  diame- 
ter of  the  earth's  annual  orbit  round  tlie  sun,  though  this 
(Kameter  is  about  I90  millions  of  miles.     For,  any  of 
those  stars  being  observed  from  opposite  tnds  of  this  dia- 
meter, or  at  the  interval  of  hnlf  a  jiar  between  the  obser- 
vations, when  the  earth  is  in  opposite  points  of  her  orbit, 
yet  still  the  star  appears  in  tLe  sam<-  place  and  situation 
in  the  heavens,  without  any  change  that  is  liensible,  or  mea- 
irable  with  the  very  best  iiisirumenla,  not  amounting  to 
:be  diameter  of  the 
of  the  fixed  stan,  does 


for  the  earth's  mean  distance  from  the  sun.     And  hence, 
from  the  analogies  under  the  article  Distahcb,  the  t 
distances  of  all  the  rest  of  the  planets  from  the  su[ 
miles,  arf  found  as  follow. 

Mercury's  distance 

Venui's  distance 

Mars's  distance 

Vesta's  distance     - 

Juno's  distance 

Pallas'  distance 

Ceres'  distance 

Jupiter's  distance 

Saturn's  distance 

Uranus'  distance 


le  second  ;  or,  in  comparison 
i,  the  extent  of  ipc  millions 


of  millions  is  but  as  a  point ! 

The  parallax  of  the  fixed  st^rs  n  a  subject  whidi  has 
engaged  the  attention  of  many  ubie  astronomers,  but  hi- 
therto their  labours  have  been  unsucccasful.  Dr.  Her- 
36,841,468  Bche],  to  whom  astronomy  is  so  much  indcbtci!  for  his  in- 
68,891,485  genious  labours  and  accurate  observations,  has  proposed, 
145,014,148  in  the  Philosophical  Transactions,  n  method  for  determin- 
S34,145,0S6  ing  the  annual  parallax  by  means  of  double  Mars,  by 
253,541,210  which  it  would  become  sensible,  and  might  be  ascertained 
263,153,691  at  least  to  a  greater  degree  of  acciiracy  than  could  be 
263,344,042  effected  by  any  other  method,  though  it  should  not  ex- 
494,990,976  ceed  the  10th  part  of  a  second.  SccStaii.  This  pro- 
907,956,130  blem  is  highly  intcresling,  as  it  seems  to  offer  the  only 
1,816,074,574  rational  data  for  determining  the  disiances  of  tbe  fixed 
In  another  paper  (Philos. Trans,  vol.  53,  pfa.  169),  Mr.  stars;  and  if  this  could  be  a^certaineil  with  any  tolerable 
Short  states  the  mean  horizontal-  parallax  of  the  sun  at  degree  of  probability,  it  coulri  not  fail  of  being  vcrygrati- 
8'''69.  And  Mr.  Horniby,  from  several  observations  of  fying  to  astronomers,  aiid  all  those  who  contemplate  with 
tbe  transit  of  June  3,  I769  (for  which  see  the  Philos.  admiration  the  magnificent  works  of  the  Deity. 
Trans,  vol. 59),  deduces  the  sun's  parallax  for  that  day  Parallax  is  also  used,  in  Ix;vtl!ing,  fur  the  angk 
equal  to  B'''65,  and  the  mean  parallax  8'''78 ;  whence  he  contained  between  the  line  of  true  kvel,  and  that  of  ap- 
makes  the  mean  distance  of  the  earth  from  the  sun  to  be  parent  level.  And,  in  other  branches  of  science,  for  th« 
93,736,900  English  miles,  and  the  distances  of  the  other    difference  between  the  true  and  apparent  places. 


planets  will  be 
Mercury's  distance 
Venui's  disCauce 
Man's  distance 


PARALLEL,  in  Geometry,  is  applied" to  lines,  figure,, 
36,281,700  and  bodies,  which  arc  every-where  equidistant  from  each 
67,795,500  other ;  or  which,  though  infinitely  produced,  would  never 
148,818,000       ekbei  approach  nearer,orrecede  farther  from,  each  other;. 
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titar  distance  btiag  everywhere  meainred  by  a  peipeodi-  alwayi  at  an  equal  diitance  in  respect  to  each  otfaei,  from 

Cular  line  between  them.     Heocet  the  visual  object  to  the  eye,  from  wEuch  the  object  ii  lup- 

PAAAI.LEI.  right  lints  are  those  which,  though  infi-  posed  to  be  infinitely  distant, 
nitely  produced,  would  never  meet :  which  ia  Euclid's  dc-         Tarallel  RuUt,  is  a  mathematical  instrument,  cout 

finition  of  them. — Newton,  in  lomma  22,  book  1,  of  his  sisting  of  two  equal  rulers,  ab  and  cd,  either  of  wood  or 

Frincipia,  defines  parallels  to  be  such  lines  as  tend  to  a  metal,  connected  together  by  two  slender  cr<^  l>an  or 

point  indiiltely  diataot.- — Parallel  lines  stand  opposed  to  blades  a c  and  bd,  moveable  about  the  points  or  joints 

lines  converging,  and  diverging.  A,  B,  c,  D. — ^There  are  other  forms  of  this  instruiqent. 

Some  define  an  inclining  or  converging  line,  to  be  that  a  little   varied    from   tho  above;  some  having'tbe  two 

which  will  meet  another  at  a  finite  distance,  and  a  ^rallcl  blades  classing  in  the  middle,  and  fixed  only  at  one  end 

line,  that  which  will  only  meet  at  an  infinite  distance.  of  tbcm,  the  other  two  ends  sliding  in  grooves  along  the 

As  a  perpendicular  is  by  some  said  to  be  the  shortest  of  two  rulers;  &c. 
all  lines  thai  Ian  be  drawn  to  another;  a^  a  parallel  is  said         The  use  of  this  instrument  is  obvious.    For  the  edge  of 

to  be  the  longest.  one  of  the  rulers  being  applied  to  any  line,  the  other 

It  is  deraonslraUJ  by  geometricians,  that  two  lines,  ab  opened  to  any  extent  wilt  bo  always  parallel  to  theformar; 

and  CD,  that  are  each  parallel  to  one  and  the  same  right  and  consequently  any  parallels  to  this  may  be  drawn  by 

line  KF,  are  also  parallel  to  each  other.     And  that  if  two  the  edge  of  the  ruler,  opened  to  any  extent, 
parallel  lines  Aaand  ef  be  cutby  any  other  line  gh  ;  then         Pakallel  Sditing,  in  Navigation,  is  the  sailing  on  or 

1st,  the  alternate  angles  are  equal ;  viz  tbe  angle  a  =  £.b,  under  a  parallel  of  latitude,  or  parallel  to  the  equator.— 

and  ^c  =  Z.d.     2d,  Tho  external  angle  is  equal  to  the  Of  this  there  are  three  cases.  ' 

internal  one  on  the  same  side  of  the  cutting  line;  viz,  the         i.  Given  the  Distance  and  Difference  of  Longitude;  to 

t  £,  d,  and  the  zj'=  Z.  b.^  3d,  That  the  two  internal  find  the  Latitude. — Rule.     As  the  diff.  of  longitude  ii 


side  I 


:  taken 
^  d  = 


:ogelher,  equal  to  t 


■  i6 


to  AB  mustpassthrough  a  given  point  p:  Take  the  nearest 
distance  between  the  point  p  and  the  given  line  ab,  by 
setting  one  foot  of  the  compdsses  in  F,  and  with  the  other 
describe  an  arc  just  to  touch  the  line  in  a  ;  then  with  that 
distance  as  a  radius,  and  a  centre  B  taken  any  where  ii 
the  line,  describe  another  arc  c  ;  lastly,  through  t  draw 
a  line  re  to  touch  the  arc  c,  aod  that  will  be  the  parallel 
■ought. 


the  distance,  so  is  radius  to  the  cosine  of  the  latitude. 
.  Given  the  LaL  and  Diff.  of  Lun^tude;  tofind  the'Dis> 
tance. — Rule.  As  radius  is  to  the  cosine  of  the  lat.  so  ia 
the  ditf,  of  longitude  to  the  distance.  3.  Given  the  Lati- 
tude and  Distance ;  to  find  the  difference  of  longitude.— 
Rule.  As  the  cosine  of  laU  is  to  radiuB)  so  is  the  distaacct 
to  the  ditr.  of  longitude. 

Parallel  SpAerf,  is  that  situation  of  the  sphere  where 
the  equator  coincides  with  the  horizon,  and  the  poles  with 
the  eenilh  and  nadir. — In  this  sphere,  all  the  parallels  of 
To  <A?u.  a  Parallel  Li^.-U  the  line  to  he  parallel     J"=  ^<"'""°'  becomeparallels  of  the  horizon ;  consequently 
—  ■      ■    '  no  stars  ever  rise  or  set,  but  all  turn  round  m  circles  pa- 

rallel to  the  horizon,  as  well  as  tbc  sun  himself,  which 
when  in  the  equinoctial  wheels  round  the  horizon  the  whole 
day.  Also,  After  the  sun  rises  to  the  elevated  pole,  he 
never  sets  for  6  months  ;  and  after  his  entering  again  on 
the  other  side  of  the  line,  he  never  rises  for  6  monthi 
longer. 

This  position  of  the  sphere  can  only  happen  to  tfaoss 
who  live  at  the  poles  of  the  earth,  if  any  such  there  be. 
The  greatest  height  the  suq  can  rise  to  them,  is  23|  de- 
grees. They  have  but  one  day  and  one  night,  each  being 
half  a  year  long.     See  Sr  herb. 

Parallels,  or  Placet  of  Arrni,  in  a  Siege,  are  deep 
trenches,  15  or  IS  feet  wide,  joining  the  several  attacks 
Otherwite. — With  the  centre  p,  and  aconvenient  radius,  together ;  and  serving  to  place  the  guard  of  the  trenches 
describe  an  arc  bc,  cutting  the  given  line  in  b.  Next,  in,  to  be  at  hand  to  support  the  workmen  when  attacked, 
with  the  same  radius,  and  centre  b,  describe  another  arc  —There  are  usually  three  in  an  attack  :  the  first  is  about 
PA,  cutting  also  the  given  line  in  a.  Lastly,  take  ap  £00  yards  from  the  covert-way,  the  sec-cnd, between  3  and 
between  the  compasses,  and  apply  it  from  b  to  c ;  and  400,  and  the  ihini  near  or  on  the  glacis, — It  is  said  they 
through  p  and  c  draw  the  parallel  fc  required.  Or,  were  first  invented  or  uicd  by  Vauban. 
draw  the  hne  with  the  pnrallcl  ruler,  described  below,  by  Parallels  qf^Mtui/f,  or  Almacantars,  are  circlet 
laying  one  edge  of  the  ruler  along  ab,  and  extending  the  parallel  to  the  horizon,  conceived  to  pass  through  every 
other  to  the  given  point  or  distance.  When  the  one  line  degree  and  minute  of  the  meridian  between  the  horiion 
is  to  be  at  a  given  distance  from  the  other ;  take  that  dis-  and  zenith  ;  having  their  poles  in  the  zenith, 
tancc  between  the  compasses  as  a  radius,  and  with  two  PARALLELs,or  PARALLBLCirc'es,  called  alsoParallcli 
centres,  taken  any  where  in  the  given  line,  describe  two  of  Latitude,  and  Circles  of  Lat  are  liaser  circles  of  th« 
arcs ;  then  lay  a  ruler  juit  to  touch  the  arcs,  and  by  it  sphere,  parallel  to  the  equinoctial  or  equator, 
draw  the  parallel.  Pabai.lbls  q/'/)tfc/tnafso)i,  are  lesser  circles  parallel  to 

Paballbl  FUmei,  are  every-where  equidistant,  or  have     the  equinoctial- 
fdl  the  perpendiculars  that  arc  drawA  between  them,  every-        Varall^ls  of  iMitude,  ia  Geography,  are  lesser  cir- 
where  equal.  cl<s  parallel  to  the  ujuator.    But  in  Astronomy  they  are 

Parallel  Rm/i,    in  Optics,  are  those  wbiclt- keep    parallel  to  the  ecliptio. 
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PARAtiLELISM,  the  quaUty  of  ■  parallel,  or  that  the  inm  of  any  two  succeeding  angles,  or.  next  the  taiit* 

which  denominBtet  it  tnch.    Or  it  is  that  by  which  two  side,  is  equal  to  two  right  angles,  or  ISO  degrees,  as  ^  a 

thingi,  as  lines,  rays,  or  the  like,  become  eqaidisluit  from  -i-  £.  q  =  Z.  c  ■*■  Z.Dse^D-t-^B  =  ^B-i-  ^a 

each  other.  ^  two  right-angles. 

Parallelibh  <if  the  EartVt  Asit,  is  tbat  invariable  2.  All  parallelograms,  as  4BDC  anil  abac,  are  equal, 

situation  of  the  axis,  in  the  progress  of  the  earth  through  that  are  on  the  same  base  co,  and  between  the  same  par 

the  annual  orbit,  by  which   it  always  keeps  parallel  to  lallels  a^,  cd;  or  tbat  have  either  the  same  or  equal  basei 

itself:  so  that  if  a  line  be  drawn  parallel  to  its  axis,  while  and  altitudes  ;  and  each  is  double  a  triangle  vf  the  same 


in  any  one  position ;  the  axis,  in  all  other  positions  or  puts 
of  the  orbit,  will  always  be  parallel  to  the  same  line. 

In  consequence  of  this  parallelism,  the  axis  of  the  earth 
points  always,  as  to  sense,  to  the  same  place  or  point  in 
the  heavens,  yii,  to  the  poles.  Because,  though  really  the 
axis,  in  the  annual  motion,  describes  the  surfoce  of  a  cy- 
linder, whose  base  is  the  circle  of  the  earth's  annual  orbit, 
yet  this  wliole  circle  is  but  as  a  point  in  comparison  with 
the  distance  of  the  fixed  stars ;  and  therefore  all  t^e  sides 


r  equal  base  and  altitude. 

3.  The  areas  at  parallelograms  are  to  one  another  in  the 
compound  ratio  of  their  bases  and  altitudes.  If  their  bases 
be  equal,  the  areas  are  as  their  altitudes  ;  and  ifthe  alti- 
tudes be  equal,  the  areas  are  as  the  bases.  *And  when  the 
angles  of  the  one  parallelogram  are  equal  to  Ibuse  of 
another,  the  areas  are  as  the  rectangles  of  the  sides  about 
the  equal  angles. 

4.  In  every  parallelogram,  the  aum  of  the  squares  of 


of  the  cylinder  seem  to  tend  ta  the  same  point,  which  is  the  two  diagonals,  is  equal  to  the  sum  of  the  squares  of  all 

the  celestial  pole. — ^To  this  parallelism  is  owing  the  change  the  four  aides  of  the  figure,  via, 

and  variety  of  seasons,  with  the  inequality  of  days  and  ad*  -t-  bc*  =  ab'  -•-  bd*  -t-  dc'  ■+■  ca*.    Also  the  two 

nights.  diagonals   bisect    each   other;   so   that  ae  =  ed,  and 

Tiih  parallelbm  is  tHe  necessary  consequence  of  the  be  =  ec. 
earth's  double  motion  ;  the  one  round  the  sun,  the  other         5.  Tojind  the  Area  i^  a  Pa^aj,i.kt,<}G'&  ax. — Multiply  ' 

round  its  own  axis.    Nor  is  there  any  necessity  to  imagine  any  one  side,  as  a  base,  by  the  height,  or  perpendicular  1 

a  third  notion,  as  some  have  done,  to  account  for  this  let  fall  upon  it  from  the  opposite  side.     Or,  multiply  any 

parallelism.  two  adjacent  sides  together,  and  the  product  by  the  sin* 

Parallelism  tifRowt  of  T^i.    Theeyc  placed  at  the  of  their  contained  angle,  the  radius  being  1  :  viz, 

end  of  an  alley  bounded  by  two  rows  of  trees,  planted  in  The  area  is  =:  cd   x   at  =  ac   x  cd  x   sin.  ^  c. 
parallellines,  never  sees  them  parallel,  but  always  inclining         Ciin^toiKnli^aPARALLELoosAM.  SeeCouPLEMEMT. 

to  ea^h  other,  towards  the  farther  end.  -    Centrei^GraviiyqfaPAiiA'LJ.zi.oG^AH.    See  CentkB 


Hence  mathematicians  have  taken  occasion  to  inqui 
in  what  lines  the  trees  must  he  disposed,  to  correct  t 
effect  of  the  perspective,  and  make  the.  rows  still  appeal 


of  Gravity,  and  Centrobaric  Method. 

Parallklooram,    or  Parallelism, 
ORAPU,  also 


or  Pent A - 
notes  a  machine  used  for  the  ready  and 


parallel.     And,  to  produce  this  effect,  it  is  evident  that  exact  reduction  or  copying  of  designs,  schemes,'  plans, 

the  unequal  intervals  of  any  t«o  opposite  or  corresponding  prints,  &c.  in  any  proportion.     Sec  Pentagraph. 

trees  may  be  seen  under  equal  visual  angles.    For  this  pur-  Pakallelograu  ofForctt.     See  Forces,  Parallelo- 

pose,  M.  Fabry,  TacqUet,  and  Varignon  observe,  that  the  grmm  t^. 

TOWS  must  he  opposite  semi -hyperbolas.  See  the  Mem.  Paballblooram  t/lAe  ifjrpcr(o/a,  is  (he  parallelo- 
Acad.  Sciences,  an.  1717>  But  notwithstanding  the  inge-  -gram  formed  by  the  two  asymptotes  ofaq  hyperbola,  and 
nuity  of  their  speculations,  it  has  been  proved  by  Dalem-  the  parallels  to  them,  drawn  frnm  any  point  uf  the  curve, 
bert,  and  Bouguer,  that  to  produce  the  effect  proposed,  the  This  term  whs  first  used  by  Huygens,  at  the  end  of  bia 
treesare  to  beranged  merely  in  two  diverging  rightlines.  Dissertaiio  de  Causa  Gravitatis.     This  parallelogram,  so 

PARALLELOGRAM,  in  Geometry,  is  a  quadrilateral  formed,  is  of  an  invariable  magnitude  in  the  same  hyper- 
right-lined  figure,  whose  opposite  sides  are  parallel  to  each  bola;  and  the  rectangle  of  its  sides  Is  equal  to  the  power 
other. — A  parallelogram  may  be  conceived  as  generated  of  the  hyperbola. 

by  the  motion  of  a  right  line,  along  a  plane,  always  pa-  This  parallelogram  is  also  the  modulus  of  thi*  logariih- 

rallel  to  iiseif. — Pdrollelograms  have  several  particular  de-  mic  system  ;  and  if  it  bc  taken  as  unity  or  I ,  the  byper- 
nominations,  and  ore  of  several  species,  according  to  cer-  .  bolic  sectors  and  segments  will  correspond  to  Nnpier's  or 

(aln  particular  circumstances,  as  follow:  the  natural  logarithms;  for  which  reusun  these  huvc  been 

When  the  anglus  of  the  parallelogram. are  right  ones,  it  called  the  hyperbolic  logarithms.    If  the  parallelogram  be 

is  called  a  rectangle.— When  the  angles  are  right,  and  all  taken  =: -43439448190  &c,  these  sectors  ami  segmpnii 

its  sides  equal,  it  isasquare. — When  the  sides  are  equal,  will  represent  Driggs's  logariilims;  in  which  case  the  two 

but  the  angles  oblique  ones,  the  figure  is  a  rhombus  or  asymptotes  of  the  hyperbola  make  between  ihem  an  angla 

locenge.    And  when  both  the  sides  and  angles  are  unequal,  of  3j°  44'  35"^. 

it  is  a  rhomboides.     Every  other  quadrilateral  whose  op-  Newtonian  orAnatylic  Paralleloorau,  a  term  used 

posite  sides  are  neither  parallel  nor  equal,  is  called  a  tra-  for  an  invention  of  Sir  Isaac  Newton,  to  find  the  firsi 
peeium. 

Propertlet  of  the  Par^llslocrah.— 1.  In 
rallelogram  abdc,  the  diagonal 
divide!  the  figure  into  two  equal 
triangles,  abd,  acu.  Also  the 
opposite  angles  and  sides  are 
equal,  vie,'  the  side  ab  ^  cd,  and 
AC  =  BD,  also  the  angle'A  =  A 
>,  and  the  ^  B  a  4.  c.    And 


of  an  infinite  converging  series.  It  is  sometimes  called  th* 
Method  of  the  Parallelogram  and  Rul^r ;  because  a  ruler 
or  right  line  is  also  used  in  it  This  analytical  parallelo- 
gram it  formed  by  dividing  any  geometrical  parallelogram 
into  equal  small  squares  or  paralleloj;ratBS,  by  lines  drawn 
faorieonially  and  perpendicularly  through  the  equal  divi- 
sions of  the  sides  of  the  parallelogram.  The  small  cells, 
thus  formed,  arc  filled  with  the  dimensions  or  powers  sf 
thripecici  X  aad^,  aiid  their  products^ 


vGoogle 


PAR 

For  instance,  the  powers  of  jf) 
liiy'oT  l.Ji J'^y^3'^  &c,  being 
placed  in  the  lowest  horisontal 
ranje  of  cells;  and  the  powers  of 
I,  as  x°  =  1,  X,  t",  x'.&cin  the 
vertical  column  to  the  left;  or 
vjccveisa;  tbewpowersatid  their 
proiliicts  will  stand  as  in  this 
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Now  when  any  literal  equa- 
tion is  proposed,  involving  va- 
rious powers  of  the  two  uokno' 
to  fiiiii  (he  value  of  one  of  thete  i 

powers  of  the  other;  mark  such  of  the  ceils  as  correspond 
to  all  its,  terms,  or  that  contain  the  same  powers  and  pro- 
ilucts  of  X  and  y;  then  let  a  ruler  be  applied  to  two,  or 
perhaps  more,  of  the  parallelograms  so  marked,, of  which 
let  one  be  the  lowest  in  the  left-hand  column  at  as,  the 
other  touching  the  ruler  towards  the  right  hand  ;  and  let 
nil  thereat,  not  touching  the  ruler,  lie  above  iu     Then 

t  those  terms  of  the  equatii 


C    1*7    J  PAR 

a  PARAMETER,  ■  certain  constant  right  line  in  each  of 
the  three  conic  sections;  otherwise  called  alio  lalus  rectum. 
—  Ihis  line  is  called  parameter,  or  equal  mensurer,  be- 
cause it  measures  the  conjugate  anis  by  the  same  ratio 
which  is  between  the  two  axes  themselves;  being  indeed 
a  third  proportional  to  them  ;  viz,  a  third  proportional  to 
the  transverse  and  conjugate  axes,  in  the  HIipsc  and  hyper- 
bola; and,  which  is  the  same  thing,  a  third  proportional 
to  any  abtcisk  aud  its  ordinate  in  the  parabola.  So  if  f 
and  c  be  the  two  axes  ;n  the  ellipse  and  hypfrbola,  and  x 
and  j>  an  absciss  and  its  ordinate  in  tha  parabola ; 
then  ( :  c  : :  c  :  J>  =!  —  the  parara.  in  the  former. 


and  J 


n  the  last. 


the  cells  that  touch  the  ruler,  and  Trom  them  liiid  the  first 
termor  quantity  to  be  put  in  ihe quotient. 

Of  the  application  of  this  rule,  Newton  has  given  seve- 
ral examples  in  his  Method  of  Fluxions  and  Infinite  Scries, 
pa.  9  and  10,  but  without  demonsiratioa ;  which  has  been 
supplied  by  others.  See  Colwin's  Comment  on  that  trea- 
tise, pa.  192  et  seq.  Also  Newtoii'ii  LeUer  to  Olden- 
burg, Oct. 24, 1676.  Maclaurin'sAlgebra,  pa.351.  And 
especially  Cramer's  Analyses des  Lignes  Courbes,  pa.  liS. 

This  author  observes,  thi 

true  foundation  of  the  method 


yjp  =  ^  the  para 
The  parameter  is  equal  to  the  double  ordinate  drawn 
through  t\\e  focus  of  any  of  the  three  conic  sections. 

PARAPET,  o(  BreoslvioTk,  in  I'oriificaiiou,  is  a  defence 

or  screen,  on  the  extreme  edge  of  a  liitnpart,  or  other 

work,  serving  to  cover  the  soldiers  and  ihe  cannon  from 

represented  by     (he  enemy's  lire. — The  thickness  of  the  parapet  is  IS  or 


i  feet 


SO  feet,  commonly  lined  with  masonry ;  and  7  ' 
high,  when  the  enemy  has  no  command  above  the  battery  ; 
otherwise,  it  should  be  raised  higher,  to  cover  the  men 
while  they  load  the  guns.     There  are  certain  openings, 
called  Embrasures,  cut  in  the  parapet,  from  the  top  down- 
wards, to  within  about  2}  or  3  feet  of  the  bottom  of  it, 
for  the  cannon  to  fire  through  ;'  the  solid  pieces  of  it  be- 
tween oneembrasurcand  another,  being  called  Merlons. 
pARApeTisalsoalitile  breast-wall,  raised  on  the  brinks 
which  is  the     of  bridges,  quays,  or  high  buildings ;  to  serve  as  a  stay, 
but  imper-     and  preventpcople  from  fulling  over. 


fectty  understood,  and  not  valued  as  it  deserved,  for  a  long         PARDIBS  (law  Art  us  G. 
time.     He  thinks  it  however  more  conrenient  in  practice     inathematiciun  and  philosophe 

c  the  Analytical  Triangle  of  the  abbe  de  Gua,  which     province  of  Gascony,  in  16*36,  his  father  being  a  coun- 


),  an  ingenious  French 
as  born  at  Psu,  in  tho 


seller  of  the  parliament  of  that  city. — At  the  age  of  ifi 
he  entered  into  the  order  of  Jesuits,  and  made  so  great  a 
proficiency  in  biastudicii,  that  he  taught  polite  literature, 
^nd  composed  many  pieces  in  prose  and  verse  with  a  dis- 
tinguished df'licacy  of  thought  aud  style,  beibrc  he  was 
well  arrive<i  at  the  age  of  nianhfwd.  Propriety  and  ele- 
gance of  language  appear  to  have  been  his  6nt  pursuits; 
fi)r  which  purpose  he  studied  the  Belles  Lctlres,  and  other 
solid  figure  contained  under  si.x  parallelograms,  the  oppo-  learned  prod  net  iona.  But  afterwards  be  devoted  himscir 
sites  of  which  arc  equal  and  parallel.  Or,  it  is  a  prism  to  mathematical  and  philosophical  studies,  and  read,  with 
whose  base  is  a  parallelogmm.  due  attention,  the  most  valuable  authors,  ancieiA  and  mo- 

Propertiei  of  fAepARjiLi,i:LOPJPSDON. — All  parallelo.  dern,  in  those  sciences  :  so  that,  in  a  short  timefae  made 
pipedons,  whether  right  or  oblique,  that  have  their  bases  hipself  master  of  thePeripnteticand  Cartesian  pbilosophy, 
and  altitudes  equal,  are  equal ;  and  each  equal  to  triple  a  and  taught  Ihem  both  with  great  reputation.  Notwiih- 
pyramid  of  an  equal  base  and  altitude. — A  diagonal  plane     standing  he  embraced  Carlcaianism,  yet  he  affected  to  bo 


takes  in  no  more  than  the  diagonal  cells  lying  betwf 
and  c,  and  those  which  tie  between  them  and  b. 

Pauallelograh  rrolracior,  a  mathematical  instru- 
ment, consisting  of  u  semicircle  of  brass,  with  four  rulers 
in  form  of  a  parallelogram,  made  to  move  to  any  angle. 
One  of  rhese  rulers  is  an  index,  which  shows  on  the  Mrai- 
circle  the  quantity  of  any  inward  and  outward  angle. 

P.IRALLELOPIPED,  or  PARALLJiLOPirEDOM, 


divides  the  parallelopipedon  into  two  equal  triangula 
prisms. — See  other  properties  under  the  general  term 
Prism,  of  which  this  is  only  n  particular  species. 

To  meaiure  ihe  Surface  and  Solidity  qf  a  ParaIlb- 
LOFIFEDOM. — Find  the 
areas  of  the  three  paral- 
lelograms ad,  bs,  and 
SG,  which  add  into  one 
sum ;  and  double  that 
sum  will  be  the  whole 
surface  of  the  parallelo- 
pipedon.     Or, 

For  the  solidity;  multiply  the  bne  by  tha  altitude; 
that  is,  any  onefaceor  side  by  its  distance  from  the  oppo- 
site tide;  at  ad   N    P^OTAB   K    BR,  or  BO   X    SD. 


philosophy  himself.  In  ihis  spirit  he 
sometimes  advanced  very  bold  opinions,  which  met  wiib 
op^scri,  who  chatted  him  with  starting  absurdities:  but. 
he  was  ingenious  enoagh  to  give  his  notions  a  plausible 
turn,  so  as  to  clear  them  seemingly  from  contradictions.- 
His  reputation  procured  him  a  call  to  Paris,  as  profewoc. 
of  rhetoric  in  (ho  college  of  Lewis  the  Great.  He  also 
tatight  the  raathematicsin  that  city,  as  he  had  before  dona, 
in  other  places.  He  had  from  his  youth  a  happy  genitia. 
for  that  science,  and  made  a  gKSt  progress  iu  it ;  and  tba  1 
glory  which  bin  writings  acquired  him,  rused  the  higbpsi 
cxpoctations  from  his  future  labours ;  but  (hesa  were  ali 
blasted  by  his  early  death,  in  l673,  at  37  years  of  age*- 
falling  a  victiiato  his  leal,  he  having  caught  a  coutafpoua 
disorder  by  preaching  t«  the  prisonen  in  the  Bicetre, 


lAjOogle 


PAR 


Pardies  wrote  with  great  ncelncu  and  t4egance. 
principal  works  are  at  toltow  : 

1.  Horologiiim'TliauiQa(icum  duplex  ;  l66C,  in4to. — 
2.  Dissettatio  de  Mota  ei  Natura  Cometaram  ;  1&65, 8vo. 
— 5.  Discours  do  Mouvement  Local ;  J67t),  l2mo.— *■ 


[     1S8    ] 
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PAR 


1.  Element  de  MecaniqucetdePhytiquc,  12ma,  1700. 

2.  Rechei'chet   dc  Mathematiques    ct  de   Fbysitiue ; 
3  volt  4to,  1711. 

3.  Arichnietique  thcorico-pratique ;  in  8vo,  1714. 

4.  A  grrat  many  papers  in  the  volumes  of  ifae  ME-moin 


Elemens  de  Geomclrie;  I67O,    12nn>. — This   has   been     of  (he  A<aiicmy  of  Sciences,  from  the  year  1700  to  1714, 


1  a  variety  of 


translated  into  several  languages ;  in  English  by  Di 

ri»,  in  1711. — 5.  Discours  de  lu  Connoissance  dcs  BStes; 
.  1672,  12mo. — 6.  Lcltre  d'un  Philosophe  i  un  Cartesien 
~  deses  amis  ;  1672,  12mo.— 7.  La  Siatiqne  ou  la  Science 

des  Forces  Mouvantes;  I673,  12mo. — 8.  Description  et 

Explication  de  deux  Machines  propres  a  faive  des  Cadrant 

wee  unegrande  facility  ;  l673, 12mo. — 9.  llcmarques  du     the  sun ;  being  formed  by  the  reflection  of  hit  beaibs 

Mouvement  de  la  Lumieic, — 10.  GlobiC(£leiti«in  tabula     cloud  properly  situated. 

plana  redacli  descriptio  ;  1675,  folio. 

Part  of  his  works  were  printed  togelhcr,  at  the  Hague, 

l€91,  in  12rao ;  and  again  at  Lyons,  1725. — Pardiea  had 

a  dispute  alto  with  Sirlsaac  Newton, about  his  new  theory 

of  light  and  colours,  in  1672.     His  Letters  are  inierted  in 

the  Philosophical  Transactions  for  that  year. 

PARENT  (Anthony),  a  respectable  French  mathe- 
matician, was  born  at  Paris  in  I666.     He  showed  an  early 

propensity  to  the  raatbematics,  eagerly  perusing  such  books 

in  that  science  as  fell  in  bis  way.     His  custom  was  to  write 

remarks  in  the  margins  of  the  books  he  I'ead  ;  and  in  ibis 

way  he  had  filled  a  number  of  books  with  a  kind  of  coro- 

inentary  by  the  lime  he  was  13  yearsof  age  ;  and  not  many 

years  after  a  treatise  on  gnomonic!,andanoihEron  geometry. 
His  friends  then  sent  for  him  to  Paris  to  study  the  law  ; 

sod  in  obedienci 

&culty  ;  which 


several  papers  in  almost  every  volume,  1 
branches  in  the  mathematics. 

PARGETING,  in  Building,  is  used  for  the  plastering 
of  walls;  sometimes  for  plaster  itself. 

Parhelion,  or  Pahhelium,  denotes  a  mock-sun, 

appearing  as  a  very  bright  light  by  the  side  of 

the  reflection  of  his  beaibs  in  a  ■ 

Parhelia  usually  accompany  the  corons,  or  luminous 
circles,  and  are  placed  in  the  same  circumference,  and  at 
the  same  height.  Their  colours  resemble  those  of  the  rain- 
bow ;  the  red  and  yellow  are  on  that  side  towards  the  sun, 
and  the  blue  and  violet  on  the  other.  Though  coronae  ate 
sometimes  seen  entire,  without  any  parhelia;  and  some- 
times parhelia  without  coronas. 

The  apparent  size  of  parhelia  is  the  same  as  that  of  the 
true  i>i>n;  but  they  are  not  always  round,  nor  so  bright  as 
the  suri;  and  when  several  appear,  some  are  brighter  t^an 
othei's.  They  are  tinged  externally  with  colours  like  the 
rainbow,  and  many  of  them  have  a  long  fiery  tail  opposite 
to  the  sun,  but  paler  towards  the  extremity.  Some  par- 
helia have  been  observed  with  two  tails  and  others  with 
three.  These  tails  mostly  appear  in  a  white  horizontal 
through  a  course  in  that  -circle,  commonly  passing  through  all  the  parhelia,  and 
finished  than,  urged  by  his  would  go  through  the  centre  of  the  sun  if  it  were  entire. 
a  for  mathematics,  he  shut  himself  up  in  the  college  Sometimes  there  are  arcs  of  lesser  circles,  concentric  to 
of  Dormans,  that  no  avocation  might  take  him  from  his  this,  touching  those  coloured  circles  which  surround  the 
beloved  study  :  and,  with  an  allowance  of  less  than  200  sun:  these  are  ^bo  tinged  with  colours,  and  contain  other 
livret  a-year,'  he  lived  content  in  this  retreat,  from  which     parhelia. 

be  never  stirred  but  to  the  Royal  College,  to  hear  the  leC-  Parhelia  are  generally  situated  in  the  intersecfions  of' 
tures  of  M.  Labire  or  M.  de  Sauveur ;  adding  10  his  small  <  circles ;  but  Cassini  says,  those  which  he  saw  in  l633, 
incotae  by  teaching  Some  pupils.  M.  Parent  made  two  were  on  the  outside  of  the  coloured  circle,  though  the 
catnpaigns  with  the  marquis  d'Aligre,  by  which  he  in-  tails  were  in  the  circle  that  was  parallel  to  the  horizon, 
■tructed  himself  sufficiently  in  viewing  fortified  places;  Vt.  Aepinus  apprehends,  that  parhelia  with  elliptical 
af  which  bedrew  anuiabcr  of  plans,though  hehadnever  coronte  are  more  frequent  in  the  northern  regiomi,  and 
learned  the  art  of  drawing.  those  with  circular  ones  in  the  southern.    They  have  been 

Prom  tbit  period  he  spent  his  lime  in  a  continue  appli-  visible  for  one,  two,  three,  or  four  hours  together;  and  it 
oatioH  to  the  study  of  natural  philosophy,  and  mathcma-  is  said  that  in  North  America  they  continue  several  dayii, 
tics  iu  all  its  branches,  both  speculative  and  practical;  and  are  visible  frojn  sun-rise  to  lun-set.  When  the  par- 
to  which  be  also  added  anatomy,  botany,  and  chemistry  ;  helia  disappear,  it  sometimes  rains,  or  (here  falls  snow  in 
Itis  genius  and  indefatigable  application  overcoming  every  the  form  of  oblong  spicule.  And  Mariotte  accounts  for 
obstacle  to  these  pursuits.  the  appearance  of  parhelia  from  an  infinity  of  small  par- 

M.  de  Billetles  being  admitted  into  the  Academy  of  tides  of  ice  floating  in  the  air,  which  multiply  the  image 
Scietices  at  Parts  in  1699,  with  the  title  of  their  mecha-  of  the  sun,  either  by  refracting  or  breaking  his  rays,  and 
nician,  he  named  M.  Parent  for  his  eUve  or  disciple,  a  thus  making  him  appear  where  he  is  not ;  or  by  rt^ecting 
bnnch  of  mathematics  in  which  he  chiefly  excelled.     It     them,  iind  serving  an  mirrors. 

was  soon  discovered  in  ibis  society,  thathe  engaged  in  all  Many  philosophers  have  written  on  parhelia;  at 
Uw  different  subjects  which  were  brought  before  them;  Aristotle,  Pliny,  Scheiner,  Gnssendi,  Descartes,  Huygent, 
and  indeed  that  hebad  a  hand  in  every  thing.  In  his  pro-  Hevclius,  Lnbire,  Cassini,  Grey,  H alley,  Maraldi,  Mut- 
ductions  be  wat  charged  with  obscurity  ;  a  fault  for  which  tchcnbroek,  &c.  See  Smith's  Optics,  book  1 ,  chap.  11; 
])e  was  iodecd  justly  blamed.  Priestley's  Hist,  of  Light,  &c,  pa.6l3;  Musschenbroek's 

By  a  regulation  of  the  academy  in  17l6i  the  class  of  Introduction,  &c,  vol.2,  pa.  1038,  4to  ;  and  Dr.  Thomas 
elfcve*  was  suppressed,  as  that  distinction  seemed  to  put  too     Young't  Philosophy. 


great  an  inequality  between  the  members.  M.  Parent  was 
made  an  adjunct  or  assistant  member  for  the  class  of  geo- 
metry :  though  be  enjoyed  this  promotion  but  a  very  short 
time ;  being  cat  off  by  the  small-pox  the  taOie  year,  at  50 
yean  ot  age. 

M.  Parent,  betides  leaving  maay  piccet  in  laannscript, 
publish  the  foUowiog  works; 


PARODICAL  Degrea,  ia'Aa  equation,  a  term  that  has 
been  sometimes  used  to  denote  the  several  regular  terms, 
or  lower  powers  of  the  unknown  quantity  x,  in  an  equa- 
tion, when  the  indices  of  the  powers  ascend  or  detcend  . 
orderly  in  an  arithmetical  progrewion.  Thtii  x*  -t-  mx*  ■+■ 
nx  ssp-'u  a  cubic  equation  where  no  term  11  wanting,  but 


y  Google 


PAS  -    [    1! 

ha*ing  all  its  parodic  d^reea ;  the  indices  of  the  terms  re- 
gularly descend  iiig  tbus,  3,  3,  1|  0. 

PART,  Aliptmi,  Aliquot,  Circuior,  Proporiional,  Simi- 
lar, &c.     See  the  respective  adjectives. 

PARTICLE,  the  minute  part  of  a  body,  or  an  as- 
■cmbtage  of  several  of  the  atoms  of  which  natural  bodie* 
are  composed'.  Particle  is  sometimes  considered  as  ayno- 
'nymous  with  atom,  and  corpuscle;  and  sometimes  they 
are  distinguished.  Particles  are,  as  it  were,  the  elements  of 
bodies  ;  by  the  various  arrangement  and  texture  of  wbich, 
with  the  dtlTerence  of  the  cohesion,  &.c,  are  constituted 
the  several  kinds  of  bodies,  hard,  soft,  liquid,  dry,  heavy, 
light,  &c.  The  smallest  particles  or  corpusck-s  cohtrc 
with  the  strongest  attractions,  and  always  compose  larger 
particles  of  weaker  cohesion :  and  many  of  these,  colicring, 
'compose  still  larger  particles,  whose  vigour  is  still  weaker^; 
and  so  on  for. divers  successions,  till  tbc  progression  end 
in  the  largest  particles,  upon  which  tbe  o|>era[ions  in 
chemistry,  and  the  colours  of  natural  bodies,  depend ; 
and  which,  by  cohering,  compose  bodies  of  sensible  mag- 
nit  udc. 

-Party  Arches,  in  Architecture,  are  arches  built  be- 
tween separate  tenures,  where  the  property  is  intermixed, 
and  apartments  over  each  other  Ho  not  belong  to  the  sajue 
estate. 

pARTT  WaUn,  are  partitions  of  brick  made  between 
buildings  in  separatroccupations,  for  preventing  the  spread 
of  fire.  These  are  made  tbickiT  than  tbe  external  walls; 
and  their  ibicfcness  in  London  is  regulated  by  act  of  par- 
liament of  the  Uih  of  George  the  Third. 

PASCAL  (BLAtsi:),  a  respectable  French  mathenia- 
liciao  and  philosopher.  He  was  born  at  Clermont,  in 
Auvergne,  in  the  year  l623.  His  father,  Stephen  Pascal, 
was  president  of  (he  tourt  of  Aids  in  his  province  :  he 
was  also  a  very  learned  man,  an  able  mathematician,  and 
a  friind  of  Dcicartes.  Having  an  eilraordinary  lendei- 
ness  for  this  child,  bis  only  s'ln,  he  quitted  his  office  in  his 
province,  and  settled  at  Paris  in  lojl,  that  he  might  he 
<{uite  at. leisure  to  attend  his  sun's  eilucAiion,  which  he 
conducted  himself,  and  young  Pascal  never  had  any  other 
master. 

From  his  infancy  Blaise  gave  proofs  of  a  very  cxlnior- 
diuiiry  capacity.  He  was  extremely  inquisitive;  desiring 
■to  know  the  reason  of  every  thing ;  and  when  good  reasons 
were  not  given  him,  he  would  seek  for  belter ; '  n^r  would 
he  ever  yield  his  assent  but  on  such  as  appeared  to  him 
well  grounded.  What  is  told  of  his  manner  of- learning 
the  mathematics,  as  well  as  the  progress  he  quickly  made 
in  that  science,  scorns  almost  miraculoiis.  From  a  simplo 
mathematical  definition,  he  discovered  by  degrees,  and  by 
the  uoaided  force  of  his  mind,  that  the  three  angles  of 
every  triangle  ara  together  equal  to  two  right  angles,  as 
well  as  several  of  the  othef  theorems  of  Euclid.  At  16' 
years  of  uge  Pascal  composed  a  tract  on  tht  Conic  Sec- 
tions, which  was  considered  as,  a  prodigy  of  sagacity. 
Scarcely  had  be  attained  his  19lb  year,  when  he  invented 
the  famous  arithmetical  machine  which  bears  his  name, 
and  by  which  all  kinds  of  operations  in  numbers  tnay  be 
performed,  by  the  use  of  the  eyes  and  hands  only.  Soon 
afterwards  his  experiments  decided  tbe  opinions  of  philoso- 
phers respecting  the, weight  of  the  air.  He  invented  the 
arithmetical  triangle,  and  the  elements  of  the  arithmetic  of 
probabilities. 

All  these  laboura  ruined  the  health  of  Pascal.  Bodily 
weakness  obliged  him  to  suspeod  all  rocntsl  exertions,  and 
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to  commence  a  course  of  moderate  exercise.  One  day 
in  1634,  as  he  was  riding  to  tbe  bridge  of  Neuilly.in  & 
chariot-and-four,  the  two  foremost  horses  ran  away  close 
to  a  precipice,  where  there  was  no  parapet,  down  wbicfai 
they  rushed  into  the  Seine.  Fortunately  they  broke  tbe 
traces  by  their  6rst  effort,  and  left  the  chariot  standing oa 
the  very  brink  of  the  precipice.  I'his  accident  so 
much  disturbed  tbe  brain  of  Pascal,  that  ever  after  he 
imagined  there  was  an  abyss  on  his  left  hand.  He  after- 
wards wholly  renounced  the  world,  and  retired  to  the 
abbey  of  Port-Royal,  where  the  r^ular  life  which  he  led, 
procured  him  very  long  intervals  of  health,  during  whtcb 
be  wrote  tbe  celebrated  Provincial  Lctten,  one  of  tbe 
icost  perfect  works  in  the  French  language.  Format)y> 
years  Pascal  relinquished  all  purely  human  sciences.  SuC 
having  been  tormented  by  a  most  severe  touth-ache,wbich 
almost  wholly  deprived  him  of  rest,  he  sought  by  intenie 
application  the  means  of  mitigating,  his  pain;  and  the 
discoveries  which  be  then  made  on  the  cycloidal  curve 
are,  even  at  the  present  day,  reckoned  among  tbe  greatest 
cfTorls  of  the  human  mind.  The  first  idea  of  that  remark- 
able curve  seemed  to  have  occurred  to  Galileo,  and  se- 
veral oilier  mathematicians  had  successively  developed  ita 
properties.  Pascal,  having  attentively  considered  that 
curve,  wished  to  make  a  trial  of  the  talents  of  his  cotetn- 
pomry  geometricians.  With  this  view  he  proposed  to 
them  some  new  problems  on  the  cycloid,  promising  40 
pistoles  to  (he  ^rst  person,  and  'SO  to  the  second,  who 
should  solve  these  problems.  The  only  person  who  re- 
turned answers  to  all  tbe  problems,  and  claimed  tbe 
prices,  were  Dr.  ^yallis  and  lather  Laloubere  the  Jesuit. 
Huygene  squared  the' segment  comprehended  between  the 
vertex  of  liie  cycloid  and  that  of  the  diameter  of  the  ge- 
nerating circle^  Slusius  measured  the  arc  of  that  curv*  . 
in  a  very  elegant  manner;  and  Wren  found  its  rectifica- 
tion. But  all  these  researches  did  not  entirely  answer  the 
questions  in  thc'prograroma  circulated  by  Pascal,  under 
the  name  of  A.  Detonville.  He  affirmed  that  Wallis  and 
Laloubere  were  mistaken  in  several  particulars,  and  there- 
fore he  withheld  the  promised  rewards.  He  himself  how- 
ever gave  perfect  solutions  of  all  tbe  problems  wbich  ha 
had  proposed,  and  of  several  others,  which  were  neceksar; 
to  complete  the  theory  of  the  cycloid.  Afler  langbishing 
for  several  years  in  a  very  imbecile  state  uf  body  and 
mind,  M.  Pascal  died  at  Paris  the  ipth  of  August  L662,at 
39  years  of  age. 

Towards  tbe  cloee  of  his  life,  he  employed  himself 
wholly  in  devout  and  moral  reflections,  writing  down 
those  which  he  deemed  worthy  of  being  preserved.  The 
first  bit  of  paper  he  could  find  was  employed  for  this 
purpose ;  and  be  commonly  set  down  ooly  a  few  words  of 
each  sentence,  as  he  wrote  them  merely  for  his  own  use. 
The  scraps  of  paper  on  wbich  he  had  written  these 
thoughts,  were  found  after  his  death  filed  upon  different 
pieces  of  siring,  without  any  order  or  connetrlion ;.  and 
being  copied  exactly  as  they  were  written,  they  were  af- 
terwards arranged  and  published,  under  the  liue  of  Pen- 
s£cs,  &c,  or  Thoughts  upon  Religion  and  other  Subjects^ 
beiag  parts  of  a  work  be  had  intended  against  atbeistsand 
inRdels,  which  has  been  much  admired.  After  bis  dcatb 
appeared  also  two  other  little  tracts;  the  one  entitled, The 
Equilibrium  of  Fluids;  and  the  other.  The  Weight  of  the 
Mass  of  Air.  The  works  of  Pascal  were  collected  in  B 
volumes,  8vo,  and  published  at  the  Hague,  and  at  Paris* 
in  1779t    This  edition  of  Pascal's  works  may  be  couir- 
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dered  as  tbe  fint  published ;  at  leatl  the  greater  (wrt  of 
them  were  not  before  collected  into  one  body,  and  some 
of  them  had  remained  only  in  manuscript.  For  this  col- 
lection, the  public  were  indebted  to  the  abb£  Bossu,  and 
Pascal  was  deserving  of  such  en  editor, 

PATE,  in  Forlilicalion,  a  kind  of  platform,  like  what  is 
called  a  horse-shoe ;  not  always  rpgkilar,  but  commonly 
nval,  encompassed  only  with  a  parapet,  and  having  nothing 
to  flnnic  it.  It  is  usually  erected  in  marshy  grounds,  to 
cover  a  gate  of  a  town,  or  the  like. 

PATH  qfihe  Vertex,  a  term  frequently  used  by  Mr. 
Flamsieed,  in  his  Doctrine  of  the  Sphere,  denoting  a  cir- 
de,  described  by  any  point  of  the  earth's  surface,  as  (he 
earth  turns  round  its  axis.  This  point  is  considered  as 
vertical  to  the  earth's  centre ;  and  is  the  same  with  what 
is  called  the  vertex  or  zenith  in  the  Ptolemaic  projection. 
The  semidiameter  of  this  path  of  the  vertex,  is  aUvaj's 
equal  to  tbe  complement  of  the  latitude  of  the  point  or 
place  that  describes  it;  that  is,  to  the  place's  distance 
from  the  pole  of  the  world. 

PAVIUON,  in  Architecture,  is  a  kind  of  turret,  or 
building  usually  insulated,  and  contained  under  a  «nglc 
roof;  sometimes  square  and  soraeliinrs  in 'form  of  a 
dome:  thus  called  fioni  tbe  resemblance  of  its  roof  to  a 
tent. 

PAVO,  Ftacock,  a  new  constellation,  in  the  aouthern 
hemisphere,  added  by  tbe  modern  astronomers.  It  con- 
tains 14  Stan. 

PAUSE,  or  Rest,  in  Music,  a  character  of  silence  and 
rest ;  called  also  by  some  a  mute  Ggure ;  because  it  shows 
^at  some  part  or  penon  is  to  be  silent,  while  tbe  others 
continue  the  song. 

PECK,  a  measure  or  vessel  used  in  measuring  grain, 
pulse,  and  the  like  dry  substances.  It  contains  2  gallons, 
or  tbe  4th  part  of  a  bushel. 

PEDESTAL,  in  Architecture,  the  lowest  part  of  an 
order  of  columns ;  being  that  which  sustains  the  column, 
and  serines  it  as  a  foot  to  stand  upon.  It  is  a  square  body 
or  die,  w)th  a  cornice  and  base.  The  proportions  and 
ornaments  of  the  pedestal  are  different  in  the  different 
orders.  Vtgnola  indeed,  and  most  of  the  modems,  make 
the  pedestal,  and  its  ornnmcnts,  in  all  the  orders,  one 
third  of  the  height  of  the  column,  including  the  base  and 
capital.     But  some  deviate  from  this  rule. 

Perrault  makes  ihe  proportions  of  the  three  constituent 
parts- of  pedestals,  the  same  in  all  the  orders;  via,  the 
base  one  fourth  of  the  pedestal;  tbe  cornice  an  eighth 
part;  and  the  socle  or  plinth  of  the  base,  two  thirds  of 
tbe  base  itself.  The  height  of  the  die  is  what  remains 
of  tbe  whole  height  of  the  pedestal. 

Tbe  riucunPiDBSTAL  is  the  simplest  and  lowest  of 
all;  from  S  to  5  modules  high.  It  has  only  a  plinth  for 
its  base,  and  an  astragal  crowned  for  its  cornice. 

The  Doric  Peiiestal  is  made  4  or  3  modules  tn  height, 
by  the  moderns;  for  no  ancient  columns,  of  this  order, 
are  found  with  any  pedestal,  or  even  with  any  base. 

The  Ionic  Pedestal  is  from  5  to  7  modules  high. 

The  Corijtihian  Pebesta  l  is  the  richest  and  most  dali- 
caie  of  all,  and  is  from  4  to  7  modules  high. 

The  Componie  Pedestal  is  offior?  modules  in  height. 

jljOarePBDESTALhasits  breadth  and  height  equal. 

DouUe  Pedestal,  is  that  which  supports  two  columns, 
being  broader  than  it  is  high. 

Gm/uweii  Pedestal,  is  that  which  supports  a  row  of 
columns  without  any  break  or  interruption. 
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PEDtSTAis  tif  Suitut,  are  those  ser?ing  to  support, 
figures  or  statues. 

PEDIMENT,  in  Architecture,  a  kind  of  low  pinnacle; 
serving  to  crown  porticos,  or  finish  a  frontispiece;  and 
placed  as  an  ornament  over  gates,  doors,  window*,  niches, 
altar?,  &c;  being  usually  of  a  triangular  form,  but  some- 
times an  arch  of  a  circle.  Its  height  is  various,  but  it  is 
thought  most  beautiful  when  the  height  is  one  fitth  of  tbe 
length  of  its  base. 

PEDOMETER,  or  PoDOMETER.foot-mcasurcr.or  way- 
wiser;  a  mechanical  instrument,  in  form  of  a  watch,  and 
consisting  of  various  wheels  and  teeth  ;  which,  by  means 
of  a  chain,  or  string,  fastened  to  a  man's  foot,  or  to  the 
wheel  of  a  chariot,  advance  a  notch  each  step,  or  each, 
revolution  of  the  wheel:  by  which  it  numbers  the  paces 
or  revolutions,  and  so  the  distance  from  one  place  to  an- 
other. 

Pedometer  is  also  sometimes  used  for  the  common 
surveying  wheel,  an  instrument  chiefly  used  in  measuring 
roads;  popularly  called  the  way- wiser.     See  Fekahbu- 

LATOK. 

PEGASUS,  tbe  Horse,  a  constellation  of  the  northern  ' 
hemisphere,  figured  in  the  form  of  a  flying  horse;  being 
one  of  the  4S  tincient  constellations.  It  is  fabled,  by  the 
Greeks,  to  have  been  the  offspring  of  an  amour  between 
Neptune  and  the  Gorgon  Medusa  ;  and  to  have  been  that 
on  which  Bcllerophon  rode  when  he  overcame  the  Chime- 
ra ;  and  that  flying  from  mount  Helicon  to  heaven,  be 
there  became  a  cotjstellation;  having  thrown  his  rider  in 
the  6ight ;  and  that  the  stroke  of  his  hoof  on  the  raunnt 
opened  the  sacred  fountain  Hippocrcne. — The  stars  in  this 
constellation,  in  Ptolemy's  catalogue,  are  20,  in  Tycbo's 
19,  in  Hevelius's  38,  and  in  the  Britannic  catalogue  8p. 

PELEC0IDE8,  or  Hatchet-form,iii  Geometry,  a  figure 
in  form  of  a  hatchet.  As  the  figure 
ABCDA,  contained  under  tbe  semi- 
circle BCD  and  the, two  quadrantal 
arcs  AB  and  ad.  The  prea  of  the 
pclecoidcB  is  equal  to  the  square  AC, 
and  this  again  is  equal  to  tbe  rec- 
tangle BE.  It  is  equal  to  the  square, 
because  the  two  segments  ab  and 
AD,  which  it  wants  of  llie  square  on  the  lower  part,  are 
compensated  by  the  two  equal  segments  bC  and  CD,  by 
which  it  exceeds  on  the  upper  part.  And  the  square  is 
equal  to  the  rectangle  be,  because  the  triangle  abd, 
which  is  half  the  square,  is  also  half  the  rectangle  be  of 
tbe  same  base  and  height  with  it. 

PELL  (Dr.  John),  an  eminent  English  mathematician, 
descended  from  an  ancient  family  in  Lincolnshire,  was 
born  atSouthwick  in  Sussex,  March  I,  l6lO,  where  his 
&ther  was  minister.  He  received  his  grammar  education 
at  the  free-school  at  Stenning  in  that  county.  At  the  age 
of  13  he  was  sent  to  Trinity-college  in  Cambridge,  thougli 
at  that  time  as  good  a  scholar  as  most  masters  of  arts  in 
thttt  university;  but  though  he  was  eminently  skilled  in 
the  Greek  and  Hebrew  languages,  he  never  offeied  him- 
self a  candidate  at  the  election  of  scholars  or  fellows  of 
his  college. 

In  l6S9  he  drew  up  the  "  Description  and  Use  of  the 
Quadrant,  written  for  the  Use  of  a  Friend,"  in  two  buoksj 
the  original  manuscript  of  which  is  still  extant  among  his 
papers  in  the  Royal  Society.  Attd  the  same  year  he  held 
a  correspondence  with  Mr.  3iiggs  on  the  subject  of  loga- 
rithms. 
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In  l6S0  he  wrote,  "  Modus  aupputandi  E[)hemerides     provemeDt  in  the  philosopfaical  and  raatbematical  Si, 

Astronomicas,&c,  sdan.  l630  accommodatus ;"  and,  "  A  that  he  lost  sight  of  fiis  private  advantage.     The  truth  ii. 

Key  to  unlocii  the  nteaning  of  Johannes  Triiheroius,  in  he  was  a  belplets  mao,  e»  to  worldly  affairs,  and  hit 

his  Discourse  of  Steganography,"  which  Key  he  imparted  tenants  and  relalions  imposed  on  faim,  cozened  hint  of  the 

to  Mr.  Samuel    Hartlib  and  Mr.  Jacob  Homcds.     The  profits  of  his  parsonage,  and  kept  him  so  indigent,  that  he 

same    year  he  took  the  degree   of  master   of  arts    at  wanted  necessaries,  even  inkand  paper,  to  bis  dyingday. 

Cambridge.    And  the  year  following  he  was  incorporated  He  was  for  some  lime  confined  to  the  King's-bencli  prison 

in  the  university  of  Oxford.     Juno  ihe  7th,  he  wrote  for  debt;  but,  in  March  l683,  was  invited  by  Dr.  Whitldt 

"A  Letter  lo  Mr.  Edmund  Wingare,  on  Logarithms,"  and  to  live  in  the  college  of  physicians.     Here  he  continued 

Oct.    5,    1631,   "  Comroeniatiooes  in  Cosmc^raphiam  tiH  June  following;  when  be  was  obliged,  by  his  ill  state 

Alstcdii."  of  health,  to  remove  to  the  house  of  a  grandchild  of  hii 

March  6,  l63*,  he  flaished  his  "  Astronomical  History  in  St.  Margaret's  Church-yard,  'Westminster.      But  he 

of  Observations  of  Heavenly  Motions  and  Appearances;"  died  at  the  house  of  Mr.  Cothorne,  reader  of  the  church 

and  April  the  lOth,  his  i'  Ecliptica  Prognostica,  or  Fore-  of  St.  Giles's  in  the  Fields,  December  the  I2tb,  lfi85,  in 

knower  of  the  Eclipses,  &c." — In  163+  he  translated  the  74th  year  of  his  age,  and  whs  interred  at  the  expense 

"The  Everiasling  Tables  of  Heavenly  Motions,"  grounded  of  Dr.  Bog  by,    roaster   of  Westminster-school,   and   Mr, 

on  the  Observations  of  all  Times,and  agreeing  with  them  Sharp,  rector  of  St.  Giles's,  in  the  rector's  vault  under 

■II,  by  Philip  Lansberg,  of  Ghent  in  Flanders,    Andjune  that  church.-:-Dr.  Pell  published   some  other  things  not 

the  I2th,'  the  same  year,  be  committed  to  writing,  "  The  yot  raentionpd,  a  list  of  which  is  as  follows :    viz, 

Manner  of  deducing  his  Astronomicai    Tables  out  of  the  1.  An  Exercitation  concerning  Easter;  l64+,  in  4to. 

Tables  and  Axioms  of  Philip  Lansberg." — March  the  pth,  2.  A  Table  of  10,000  square  numbers,   &c  ;    1672, 

1635,  he  wrote  "  A  Letter  of  Remarks  on  GcUibrund's  folio. 

Mathematical  Discourse  on  the  Variation  of  the  Magnetic  3.  An  Inaugural  Oration  at  bis-entering  on  the  Profe»- 

Keedle."     And  the  3d  of  June  foUowiog,  another  on  the  sorsbip  at  Breda. 

came  subject.  4.  He  made  great  alterations  and  additions  to  Rhonius'i 

His  eminence  in  mathematical  knowledge  was  now  so  Algebm,  printed  at  London  I66B,  4to,  under  the  title  of, 

great,  that  he  was  thought  worthy  of  a  profL-ssor's  chair  An  Fntroduction  to  Algebra;  translated  out  of  the  High 

in  that  science;  and,  on  the  vacancy  of  one  at  Araster-  Dutch  into  English  by  Thomas  Branker,  much  altered 

dam  in  1639,  Sir  William  Boswetl,  the  English  resident  and  augmented   by  D.  P.  (Dr.  Pell.)     Also  a  Table  of 

with  the  States-General,  used  his  interest,  that  he  might  Odd  Kumbera,  less  than  100,000,  showing  thostt  that  are' 

succeed  in   that  professorship:  it  was  not  filled  however  incomposile,  &c,supputatedbythesanie  Thomas  Branker. 

till  1643,  when  P<^^ll  was  chosen  to  it;  and  he  read  with.  See  thin  table  under  the  article  Vkivz  Namben. 

great  applanse  public  lectures  on  Diophantus. — In  1 644  S,  His  Controversy  with  LongomontanjDs  concerning 

be  printed  at  Amsterdam,  in  two  pages  4to,  "  A  Refu-  the  Quadtsture  of  the  Circle;  Amsterdam,  16  W,  4to. 

tation  of  Longomonlanus's  Discourse,  De  Vera  Circuli  He  also  wrote  a  Demonstration  of  the  3d  and  10th 

Mensura.''  books  of  Euclid  ;  which  piece  iVat  in  us.  in  the  library  of 

In  1646,  OH  theinvitationof  the  Prince  of  Orange,  bare-  lord  Brereton  in  Cheshire:  asalso  Archimedes's  Arenariu^, 

raoved  tothenew  college  atBreda,  as  prolesaor  of matbe-  and  the  greatest  part  of  Diophanlus's  6  books  of  Arith- 

inatics,  with  a  siilaryof  1000  guilders  a  year. — His"  Idea  metic;  of  which  author  he  was  preparing  anew  edition, 

Mathescos,"  which  he  had  addressed  to  Mr.  Hartlib,  wbo  in  which  he  intended  to  have  corrected  the  translation, 

in  1639  had  tent  it  to  Descartes  and  Mersenne,  was  printed  and  made  new  illustrations.     He  designed  also  to  publish 

1650  at  London,  in  12mo,  in  English,  with  the  title  of  an  edition  of  ApoUenius,  but  laid  it  aside,  in  May  l645, 

"  Anideaof  Mathematics,"  at  the  end  of  Mr.  John  Dune's  at  the  desire  of  Golius,  who  was  engaged  in  an  edition  of 

Reformed  library- keeper.      It  is  also  printed  by  Mr.  that,  author  from  an  Arabic  manuscript  given  him   at 

Hooke,  in  his  Philosophical  Collections,  No.  5,  pa.  127;  Aleppo  1 8  years  before.     Letters  of  Dr.  Pell  loSirCbarlea 

and  is  esteemed  our  author's  principal  work.  Cavendish,  in  the  Royal  Society. 

In  1652  Pell  returned  to  England  :  and  in  1654  he  Someof  his  .manuscripts  he  U'ft  at  Brereton  in  Cheshire, 

was  sent  by  the  protector  Cromwell  agent  to  the  protes-  where  he  resided  some  years,  being  the  seat  of  William 

tant  cantons    in  Switzerland;    where   he  continued  till  lord  Brereton,  who  had  been  bis  pupil  at  Breda.     A  great 

5une  23,  l658,  when  he  set  cut  for  England,  where  he  many  others  came  into  the  hands  of  Dr.  Busby ;  which 

arrived  about  the  time  of  Cromwell's  deaih.     His  negoci-  Mr,  Hooke  was  desired  to  use  hii  endeavours  to  obtain 

ations  abroad  gave  afterwards  a  general  satisfaction,  as  it  for  the  Royal  Society.      But    they   continued    buried 

appeared  he  had  done  no  small  service  to  the  intereat  of  under  dust,  and  mixed  with  the  papers  and  painphletsof 

king  Cbnrles  the  3d,  and  of  the  church  of  England  ;  so  Dr.  Busby,  in  4  large  boxes,  till  1755  ;  when -Dr.  Birch, 

that  he  was  encouraged  to  enter  into  holy  orders  ;  and  in  secretary  to  the  Royal  Society,  procured  them  for  that 

the  year  l6€l  he  was  instituted  to  the  ractory  of  Fobbing  body,  from  the  trustees  of  Dr.  Bustiy.    The  collection 

in  Essex,  given  him  by  the  king.    Jn  December  that  year  contains  not  on^  Pelt's  mathematical  papers,  letters  to 

be  brought  into  the  upper  house  of  convocation  the  ca-  him,  and  copies  of  those  from  him.  Sec,  but  also  several 

Icndar  reformed  by  him,  assisted  by  Sancroft,  afterwards  manuscripts  of  Walter  Warner,  the  mathematician  and 

archbiihop  of  Canterbury- — In  ififs  he  was  presented  by  philosopher,  who  lived  in  the  reigns  of  James  the  First 

Sheldon,  bishop  of  London,  to  the  rectory  of  Laingdon  and  Charles  the  First. 

in  Essex ;  and,  on  the  promotion  of  that  bishop  to  the  Dr.  Pell  invented  the  method  of  ranging  the  several 

sec  of  Canterbury  soon  after,  became  one  of  his  domestic  stapt  of  an  algebraical 'calculus,  in  a  proper  order,  in 

chaplains.     He  was  then  doctor  of  divinity,  and  expected  so  many  distinct  lines,  with  the  number  affixed  to  each 

-to  be  made  a  dean ;  but  he  att^ded  so  much  to  his  im-  step,  and  a  short  detcriptioo  of  the  operation  or  procett 

VoL-U.  Y 
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ia  the  liiw.  He  tlso  invented  the  character  ^  for  diri- 
■ton,  •■  for  involution,  and  lu  for  erolution. 

He  Hss  aUo  the  fint  who  ditcovered  the  method  of 
solving  the  equation  or*  ~  ^  =:  1,  being  the  same  a>  that 
given  by  Euler  in  the  second  volume  of  hii  algebra.  This 
problem  was  proposed  by  Fermat  as  a  challenge  to  ait  the 
English  mathematicians,  though  it  is  probable  (as  he 
never  ^ve  a  solution  to  it  himself)  that  he  was  unac- 
quainted with  the  true  mode  of  operation  at  the  time  be 
proposed  it. 

PEMBERTON  (Hb]iry),'i<.  d.  &  i.r.  b.  bom  at 
London  in  1694,  was  a  learned  physician  and  m^hema- 
tician ;  as  well  as  an  expert  mechanist,  readily  perfurm- 
ing  with  his  own  hand  several  mechanical  operations. 
After  studying  graramar  at  a  school,  and  the  higher  clas- 
sics under  Mr.JobnWard,  afterwards  proi^ssor  of  rhetoric 
at  OreBbam-colIc^,  he  went  to  icyden,  to  attend  the 
lectures  of  the  celebrated  Boerhaave,  to  qualify  himself 
for  the  profession  of  medicine.  Here  also,  as  well  as  in 
England,  be  constantly  mixed,  with  bis  professional  studies, 
those  of  the  best  roatbematical  authors,  whom  hecontem- 
plated  with  great  efTect.  From  hence  he  went  to  Paris,  to 
perfect  liimself  in  the  practice  of  anatomy,  to  which  he 
readily  attained,  beingnatu rally  dextrous  in  all  nianual  ope- 
rations. 'Having  obtained  his  main  object,  he  returned  to 
London,  ennched  abo  with  other  bnnches  of  scientific 
knowledge^and  a  choice  collection  of  mathematical  books, 
koth  ancient  and  modem,  from  tbe  sale  of  the  valuable 
library  of  the  abbi  Gallois,  which  took  place  during  bis 
Uay  in  Paris.  After  his  return  he  assiduously  attended 
SL  Thomas's  Hospital,  to  acquire  the  London  practice  of 
physic,  though  he  seldom  afterwards  practised,  owing  to 
bis  delicate  state  of  health.  In  1719  he  returned  to  Ley- 
d«i,  to  take  bis  degree  of  m.d.  where  he  was  kindly  en- 
tertained by  his  friend  Dr.  Boerhaave.  After  bis  return 
to  London,'  he  became  more  intimately  acquainted  with 
Sr.  Mead,  Sir  I.  Newton,  and  other  eminent  men,  with 
whom  he  afterwards  cultivated  the  most  friendly  con- 
nexions. Hence  he  was  useful  in  assisting  Sir  I.  Newton 
in  preparing  a  new  edition  of  his  Principia,  in  writing  an 
account  of  bis  philosophical  discoveries,  id  brining  for- 
ward Mr.  Robins,  and  writing  some  pieces  prtntml  in  the 
Sd  volume  of  tliat  gentleman's  collection  of  tracts,  in  Dr. 
Head's  Treatise  on  the  Plague,  and  in  his  edition  of  Cowper 
o&  the  Muscles,  &c.  Being  chosen  professor  of  physic  in 
G  res  ham -college',  he  undertook  to  give  a  course  of  lec- 
tures on  chemistry,  which  was  improved  every  time  be 
exhibited '  it,  and  was  published  in  177h  by  his  friend 
Dr.  James  Wilson.  In  this  situation  too,  at  tbe  request 
of  the  college  of  physicians,  he  revised  and  reformed  their 
Pharmacopcsia,  in  a  new  and  mnch  improved  edition. 
After  a  long  and  laborious  life  spent  in  improving  sdence, 
and  assiidBg  its  cultivators,  Dr.  Pemberton  died  Id  1771, 
at77'ycui  of  age. 

Besides  the  doctor's  writings  above-mentioned,  he 
wrote  numerous  other  pieces;  as,  1.  Epistola  ad  Amicum 
de  Cotesii  inventis ;  demonstrating  Cotes's  celebrated  the- 
orem, and  showing  how  his  theorems  by  ratios  and  Ittga- 
rithms  may  be  done  by  the  circle  and  hyperbola.-~2.  Ob- 
servations on  Poetry,  especially  the  Epic,  occasioned  by 
Glover's  Leonidas.— 3.  A  Plan  of  a  Free  SUte.  with  a 
King  at  the  Head;  not  published.— 4.  Accounf  of  the 
Ancient  Ode;  printed  in  the  preface  to  West's  Pindar. — 
S.  On  the  Dispute  about  Fluxions,  in  the  2d  vol,  of 
Robins's  works.— -€.  On  the  Alteration,  of  the  Style  and 
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Calendar. — 7.  On  ivducing  the  W«ghti  and  Measures  to 
one  Standard. — 8.  A  Dissertation  on  Eclipses. — 9.  On 
the  Loci  Plant,  ^c.  His  numerous  communications  to 
the  Royal  Society,  on  a  variety  of  interesting  subjects, 
extend  from  the  32d  to  the  62d  vol.  of  the  Fhilos.  Trans. 

After  his  death  many  valuable  pieces  were  found  among 
his  papers,  vii.  A  short  History  of  Trigonometry,  from 
Meoelkus  to  Napier.  A  comment  on  ao  English  Trans- 
lation of  Newton's  Principia.  Demonstrations  of  the 
Spherics  and  spherical  Projections,  enough  to  composes 
treatise  on  those  subjects.  A  Dissertation  on  Archimedes's 
Screw.  Improvements  in  Guaging.  In  a  given  latitude, 
to  dnd  the  point  of  the  ecliptic  that  ascends  the  slowest. 
To  fiod  when  the  oblique  ascension  differs  most  from  the 
arch  to  which  it  belongs.  On  the  principles t)f  Mercator'a 
and  middle-latitude  sailing.  To  fiod  the  heliacal  rising 
of  a  star.  To  compute  the  moon's  parallax.  To  deter- 
mine the  course  of  a  comet  in  a  parabolic  orbit.  And 
others,  all  neatly  performed.  On  the  whole,  Dr.  Pem- 
berton appears  to  have  been  a  clear  and  industrious 
author,  but  his  writings  are  too  diffuse  and  laboured. 

PENCIL  qf  Rayi,  in  Optics,  is  a  double  cone,  or  pyra- 
mid  of  rays,  joined  together  c: 

at  the  base;  as  bgsg:  the  one  ' 
cone  having  its  vertex  in 
some  point  of  the  object  at 
a,  and  the  crystalliue  hu- 
mour, or  the  ^ass  qls  for 
its  base;  and  the  other  having  its  base  on  tbe  same  glass, 
or  crystalline,  but  its  vertex  in  the  pwnt  of  convergence, 
as  at  c. 

PENDULUM,  in  Mechanics,  any  heavy  body,  so 
suspended  as  that  it  may  swing  backwards  and  forwards, 
abwt  some  fixed  point,  by  tbe  force  of  gravity.  These 
altenate  ascents  and  descents  of  the  pendulum,  are  called 
its  oscillations,  or  vibrations;  each  complete  oscillation 
being  the  descent  from  the  highest  point  on  one  side,  down 
to  the  lowest  point  of  the  arch,  and  so  on  up  to  the  highest 
point  on  the  other  side.  The  point  round  which  tbe  pen- 
dulutn  moves,  or  vihratcs,  is  called  its  centre  of  motion, 
or  point  of  suspension ;  and  a  right  line  drawn  through  tbe 
centre  of  motion,  parallel  to  tbe  horizon,  ami  perpendicu- 
lar to  the  plaoe  in  which  tbe  pendulum  moves,  is  called  (he 
axis  of^osc illation.  There  is  also  a  certain  point  witbin 
every  pendulum,  into  which,  if  all  the  matter  that  com- 
poses the  pendulum  w.erc  collected,  or  condens9d  as  into 
a  point,  the  times  in  which  the  vibrations  would  be  per- 
formed, would  not  be  altered  by  such  condensation  ;  and 
this  point  is  called  centre  of  oscillation.  The  length  of 
the  pendulum  is  always  estimated  by  the  distance  of  this 
point  below  the  centre  of  motion  ;  being  usua^y  near  the 
bottom  of  the  pendulum,;  but  in  a  cylinder,  or  any  other 
uniform  prism  or  rod,  it  is  at  the  distance  of  one  thinl 
from  the  bottom,  or  two-thirds  from  and  below  the  centre 
of  motion. 

The  length  of  a  pendulum,  so  measured  to  its  centre  of 
oscillation,  that  it  will  perform  each  vibration  in  a  second 
of  time,  thence  called  the  seconds  pendulum,  has,  iu  the 
latitude  of  London,  been  generally  taheir  at  39,V  01  39f 
inches ;  but  by  some  very  ingenious  and  accurate  experi- 
ments, the  late  celebrated  Mr.  George  Graham  found 
the  true  length  to  be  39iwff>  inches,  or  39i  inches  very 
nearly. 

The  length  of  the  pendulum  vibcaliog  seconds  at  Paris, 
was  found  by  V«rin,  Deahays,  Dcglos,  and  Godin,  to  b« 
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440^  lines ;  by  mcsrd  440f  lines ;  «nd  by  Maimn  UOU 
lines. 

Galileo  was  the  first  who  made  um  of  a  heavy  body  an- 
nexed to  a  thread,  and  suspended  by  it,  for  measuring 
time,  in  his  experiments  and  obfervations.  But  according 
toSturraius,  it  wasRiccioli  who  first  observed  the  isochf 
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the  pendulum  will  hang  at  rest  in  it(  naturd  directiORi 
which  is  perpendicular  to  the  horison. 

Now  us  to  the  real  time  of  oscillation  in  a  clrcular.arc 
bad:  it  is  demonstrated  by  mathematicians,  that  if 
p  =  31416,  diinote  the  circumference  of  a  circle  whose 
diameter  is  I  ;  ^  =  ifir'i  feet  or   193  inches,  the  space  » 


lude  ;  and  r  =  ca  ihe  length  of  the  pendulum;  also 
<i  =  AS  the  height  of  the  arch  of  vibration ;  then  the  tine 
of  each  oscillation  in  the  arc  bad  will  be  equal  to 
Ps/~  X  into  Ihe  series  1  +  ^  +  -^i^  +  ^^^  &c, 
where  d  =  3r  is  the  diameter  of  the  arc   described,  or 


nism  of  pendulums,  and  made  use  of  tbem  in  measuring     heavy  body  falls  in  the  first  second  of  time,'  in  our  lati- 
tiroe.    After hiraiTycho,Langrene,Wendeline,Merscnne,      — -■--    ""-'  •'--  '        "^    -----  .  . 

Kircher,  and  others,  observed  the  same  thing ;  though,  it' 
is  said,  without  any  intimation  of  what  had  been  done  by 
Rtccioli.  But  it  was  the  celebrated  Huygens  who  first  de- 
monstrated the  principles  and  properties  (if  pendulums, 
and  probably  the  first  who  applied  them  lo  clocks.     He 

demonstrated,  that  if  the  centre  of  motion  were  perfectly  '""ce  ibc  length  of  the  pendulum, 
fixed  and  immoveable,  and  all  manner  of  friction,  and  re-  And  here,  when  the  arc  is  a  small  one,  as  in  the  case  of 
sislance  of  the  air,  &c,  removed,  that  a  pendulum,  once  '^e  vibrating  pendulum  of  a  clock,  all  the  terms  ftf  this 
'  set  in  motion,  would  for  ever  continue  to  vibrate  without  "enes  after  the  2d  may  be  omitted,  on  account  of  their 
any  decrease  of  motion,  and  that  all  its  vibrations  would  .  smaliness;  and  then  the  lime  of  a  whole  vibration  will  b» 
be  perfectly  isochronal,  or  performed  in  the  same  time,  uearlyequal  to  PV'~"  «  (I  +  -— )• 
thearcof  vibration  remaining  constant.     Hence  the  pen-     „      ,        ,      .      f  ■.      ■       *!  ,  ,       .",--. 

dulum  has  universally  been  considered  as  the  best  chrono-  »"  '^*t  ««  ,»"?"  °'  vibrat-on  of  a  pendulum  in  diflercnt 
meter  or  measurer  of  time.  And  as  all  pendulums  of  the  smi"  arcs  of  the  same  circle,  are  a,  8r  + a,  or  8  times 
same  length  perform  their  vibrations  in  thesame  time,  the  the  radius,  added  to  ti.e  versed  sine  of  the  semiarc. 
arc  of  vibration  being  the  same,  without  regard  to  their  And  farther,  if  d  denote  the  number  of  degrees  m  the 
different  weights,  it  his  been  suggested,  by  means  of  them,  «»"»":".  whose  vei«d  wne  is-o,  then  the  quantity  last 
to  esublish  an  universal  standaH  for  all  countries.  On  mentioned,  for  the  time  of  a  whole  vibration,  is  changed  t* 
this  principle  Mouton,  canon  ofLyons,  has  a  treatise,  De    f</—'  x  (I  -••  ).  Andthereforetfaetimesofvibiw- 

Mcnsura  posteristransraittendai  end  several  others  since,  ^  ""* 

as  Whiteburst,  &c.     See  t/7i»er*oi  Measuee.  ^'O"  m  aiBferent  small  arcs,  are  as  52524  -*-  o'.oras  the 

Perldulums  are  either  simple  or  compound,  and  each  of    ™0"'>e'  3252*  added  to  die  square  of  the  number  of  de- 

these  may.  be  considered  either  in  theory,  or  as  in  practical     P^*  •"  '•'«  «emian;  *i.     See  my  Tracts,  vol.  3,  prob.  15, 

■       ■'  '  ^  pa.338. 

3.  Let  CB  be  a  semicycloid,  baring  its  base  bc  parallel 

tothehoriion,and       £.  _  ~, 

its  vertex  t  down-       '' ^ — "■*•■ 

wards ;  and  let  cd 

be  the  other  half 

of  the  cycloid,  in 

a  similar  position 

to     the     former. 

Now    sn  pposc    a 

pendulum  string, 


mechanics  among  s 

A  Sittqile  Penduluu,  in  Theory, 
consists  of  a  single  weight,  as  a,  con- 
sidered as  a  point,  and  an  inflexible 
light  line  AC,  supposed  void  of  gravity 
or  weight,  and  suspended  from  a  fixed 
point  or  centre  c,  about  which  it 

A  Compomd  PBBDULu«,inTheory, 
is  a  pendulum  consisting. of  sevenil 

weights  moveable  about  one  common  centre  of  motion,  but  -                          — 

connected  together  so  as  to  retain  the  tame  distance  both  •<*"  the  same  length 

from  one  another,  and  from  the  centre  about  which  they  *"'"  ™  curve  of 

vibrate.  ^^"  semicycUtid  bc,  or  cD,  haviag  its  end  axad  to  c,  and 

The  Doctrine  and  Latat  qf  Pmdubim.~l.  A  pendulum  t*"*  '•"«*'  applied  all  the  way  dose  to  the  t^cloidal  cum 

raised  to  b,  throu^  the  arc  hf  the  circle  ab,  will  fall,  "c-  "^^  consequently  the  body  or  peodalom  weight  coin- 

and  rise  again,  through  an  equal  arc,  to  a  point  equally  "^'^S  ""•!»  *e  point  b.     If  now  the  body  be  let  go  from 

high,  as  d;  and  thence  will  fall  to  a,  and  againrise  too  ;  », it  wiit  descend  by  its  own  gravity,  and  in  deM:ending it 

and  thus  continue  rising  and  falling  perpetually,  supposing  *'"  wnw'»d  the  string  from  off  the  arch  bc,  as  at  the  po- 

neilher  friction  nor  resistance.     For  it  is  the  same  thing,  •'''°''  ^'*"  •  ""d  the  ball  B  will  describe  a  semicycloid 

whether  the  6ody  fall  down  the  inside  of  the  curve  bad,  BMa,  equal  and  similar  to  boc,  when  it  has  arrived  attho 

by  the  force  of  gravity,  or  be  retained  in  it  bv  the  action  '"****  P"'"*  *  >  *'*•'  wbicli,  it  wHl  continue  its  motion. 

of  the  siring;  as  they  will  both  have  the  same  effect ;  and  and  ascend,  by  another  equ»l  and  similar  semicycloid 

it  is  otherwise  known,  from  the  oblique  descents  of  bodies,  *'^°'  '°  t""*  "'»'  ^^'8^*  °'  *"*  *^'  'i^"'  ''*  ■'  *^^  """S 

that  the  body  will  descend  and  ascend  along  the  curve  in  ""^  "rapping  itself  upon  the  other  arch  ciD.     From  d  it  ■ 

the  manner  above  described.  *'"  descend  again,  and  pass  along  the  whole  cycloid  das, 

Experience  alio  confirms  this  theory,  in  any  finite  num-  to '•>«  point  b  ;  and  thus  perform  continual  successive 

bcr  of  oscillations.     But  if  "they  be  supposed  infinitely  oscillations  between  b  and  »,  in  tbo  curve  of  a  cycloid  j 

continued,  a  difference  will  arise.     For  the  resistance  of  "  ''  ^f°"  oscillated  in  the  curra  of  a  circle,  in  the  for- 

theair,  and  the  friction  and  rigidilyof  the  string  about  the  •««  case. 

centre  c,  will  lake  off  part  of  the  force  acquired  in  falling ;  "is  contrivance,  to  make  the  pendulum  oacillatc  in  tb« 

hence  it  happens  that  it  does  not  rile  precisely  to  Ihe  same  *^"rve  of  a  cycloid,   is  the  invention  of  the  celebrated 

point  from  whence  it  fell.     Thus,  the  ascent  continually  Huygens,  to  make  the  pendulum  perform  all  its  vibrations 

diminishing  the  oscillation,  this  will  be  at  last  stopped,  and  '■>  equal  times,  whether  the  arcb,  or  extent  of  the  vibra- 
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tion  be  great  or  >id*11  ;  which  ia  not  the  ca»e  in  a  circle,    who  bu  given  an  admirable  theory  on  the  subject,  in  his 
where  the  larger  arcs  Uke  a  longer  time  to  run  through     Principia,  where  he  has  extended  lo  epicycloids  the  pro- 
them,  than  the  smaller  ones  do,  as  is  well  known  both  from     periies  demonstrated  hy  Huygena  of  the  cycloids, 
theory  and  practice.  *.  As  the  cycloid  may  be  considered  as  coinciding,  it\ 

■  It  should  be  observed  however,  that  in  speaking  of  the  a,  with  anyBinallarcofacircle  describtd  from  the  cenirti 
equal  times  of  vibntions  in  cycloidal  arcs,  the  string  by  c,  passing  through  a,  where  it  k  known  the  two  curves 
which  the  body  is  suspended  ia  considered  void  of  gravity     have  the  same  radius  and  curvature  ;  therefore  the  time 

'    -        -—  "   ■        in  the  small  arc  of  such  a  circle,  will  be  nearly  equal  to 

the  time  in  the  cycloid  ;  so  that  the  times  in  very  small 
circular  arcs  arc  equal,  because  these  gmall  arcs  may  be 
considered  as  portions  of  (he  cycloid,  as  well  aa  of  the 
circle.     And  this  is  one  great  reason  why  the  pendulums 


tnd  resistance,  and  as  this  is  not  absolutely 
that  theory  and  practice  will  be  alittle  at 
bead. 

The  chief  properties  of  the  cycloidat  pendulum  then, 
as  demonstrated  by  Huygena,  are  the  following. 


1st, 


l^at  the  time  of  an' oscillation  in  all  arcs,  whether  larger  of  clocks  are  made  to  oscillate  in  as  small  ares  as  (joasible, 

or  smaller,  is  always  the  same  quantity,  vig,  whether  the  vis,  that  their  oscillations  may  be  the  nearer  to  a  conbtant 

body  begin  to  descend  from  the  point  b,  and  describe  the  equality. 

•emiarc  ba  ;  or  that  it  begins  at  h,  and  describes  the  arc  This  tnay  also  be  deduced  from  a  comparison  of  the 

HA  ;  or  that  it  sets  out  from  any  other  point ;  as  it  will  still  times  of  vibration  io  the  circle,  end  in  the  cycloid,  as  laid 

descend  to  the  lowest  point  a  in  exactly  the  same  time,  down  in  the  foregoing  articles.     It  has  there  been  shown. 

And  it  is  farther  proved,  that  the  time  of  a  whole  vibration  that  the  limes  of  vibration  in  the  circle  and  cycloid  are 

any  double  arc  bad,  or  hak,  &c,  is  in  proportion  thus,  rii,                                                               , 


to  the  time  in  which  a  heavy  body  will  fall  freely,  by  (he 

Sbrce  of  gravity,  through  a  space  equal  to  Jac,  half  the 
ength  of  the  pendulum,  as  the  circumference  of  a  cit-cle 
is  to  its  diameter.  So  that,  if  ^  =  i6ti  ^'^^^  denote  the 
■pace  a  heavy   body   falls  in  the  first  second  of  tim 

p  =  S'I4l6  the  circumference  of  a  circle  whose. diameter  latter  in  the  ratio  of  1  -c  —  to  1 ;  but  this 

J»  1,  and  r  =  AC  the  length  of  the  pendulum ;  then,  bj>  i,es  nearer  to  an  equality,  as  the  arc,  or  as  it. 

cause,  by  the  nature  of  descents  by  gravity,  ^g :  ^Jr  ,rr^  ^.^^  ^^  -^  ^^^,i^^.  l^^  /|,„gi,,^  ^^^  ^^  ,.  ^,^ 

:  :  1'  :  ^-~,  that  is-the  Ume  in  which  a  body  will  (all  ,^^,_  ^.^^^^^^  J.  ^^^  ^e  omitted,  and  then  the  times  of 

through}r,orhalfthelengthofthependulumj  therefore,  ,ibrati«D  becomeWb  the  same  quantity,  vii,;>^-l.     ' 

by  the  above  proportion,  as  1  i  p  : :  ^/^   :  /►v'-,  which  y^^^„^  ,,y  jhe  same  compnrison,  it  appears,"  thlt  the 

b  the  time  of  an  entire  oscillation  in  the  cycloid,  time  lost  in  each  second,  or  in  each  vibration  of  the  se- 

And  this  conclusion  is  confimed  by  experience.     For  conds  pendulums,  by  vibrating  in  a  circle,  instead  of  a 

««nple,  if  it  were  required  to  find  the  length  of  the  pen-  ,„ij    ;,  ^,  ov -^■,  and  consequently  the  time  lost  in 

dnlum  that  will  so  oscillate  in  one  second ;  this  will  -'                ^         *i*5*                    ^ 

,  ,  ,         ...  a  whole  day  of-24  hours,  is  io' nearly.     In  like  manner, 

which    reduced,  gives  (1,^  ^(.„„d,  id  per  day  by  vibrating  in  the  arc  of  d  de- 
grees, >s  Jtj^     Therefori'  if  the  prnilulum  keep  true  lime 


time  in  the  circle  nearly  PV'jT  "  (1  "'"g?)' 

■  time  in  the  cycloidal  arc  p^^f 
where  it  is  evident,  that  the  former  always  exceeds  the 


give   the  equaUon  pm/— 


*■  =  y-  =  TTm=-  '•"=*'^  =  ^^^ '  *'  ^^i  '"'=''"'  *■"  **'  Tn  one  of  the«,  arcs,  the  seconds  lo«  or  gained  per  day, 
length  of  the  seconds  pendulum;  which  the  best  experi-  by  vibrating  in  the  other,  will  be  j(d*  —  d^').  So,  for 
ments  show  to  be  about  3d|  inches.  example,  if  a  pendulum  measure  true  time  in  an  arc  of 

3.  Hence  also,  we  have  a  method  of  determining,  from     3  degrees,  on  each  side  of  the  luivest  point,  it  will  lose 
the  experimented  length  of  a  pendulum,  the  space  a  heavy     it|  seconds  a  day  by  vibrating  4  degrees;  and  26}  seconds 
body  will  &11  perpendicularly  through  in  a  given  time  :     a  day  by  vibrating  5  degrees  ;  and  so  on. 
■-        .  ,  f         ,.Lj        t        J."  It-         5.  The  action  of  eravity  is  less  in  those  pans  of  (he 

for,  since  pj—.  =  1,  therefore,  by  reduction,  g  =  ipV      „  .i,     i    _  .u  -it  .■  f  .i.  "^  j  i 

'^^  9%  ■'  '  o       =/•        earth  where   the  oscillanons  of  the  same  pendulum  are 

is  the  space  a  body  will  fall  through  in  the  first  seceod  of  slower,  and  greater  where  these  are  swifter;  for  the  time  of 
time,  when  r  denotes  the  length  of  the  seconds  pendulum ;  oscillation  is  reciprocally  proportional  \q -^g.  Audit 
andascoastant  experience  shows  that  this  length  is  nearly  being  found  by  experimtnl,  that  the  oscillaiiuns  of  (he 
391  inches,  in  (he  latitude  of  London,  io  this  cAse  £  or  same  pendulum  are  slower  near  (he  equa(ar,  than  in  places 
^V  becomes  \  x  3-i4l€*  x  39}=  103-07  inches  farther  from  it ;  it  follows  that  the  force  of  gravity  is  l(^s 
^  l^TT  feet, very  nearly,  for  the  spaces  body  will  fall  in  there  ;  an<^  consequently  the  parts  about  the  equator  are 
the  first  second  of  time,  in  the  latitude  of  London:  a  fact  higher  or  farther  from  the  centre,  than  the  other  parts  ; 
which  has  been  abundantly  confirmed  by  experiments  and  the  shape  of  the  earth  is  not  a  true  sphere,  but  some- 
mode  there..  And  in  the  same  manner,  Mr.  Huygens  found  what  like  an  oblaie  spheroid,  flatted  at  the  poles,  and 
'  raised  gradually  towards  the  equator.  And  hence  also  the 
times  of  the  vibration  of  the  same  pendulum,  in  different 
latitudes,  afford  a  method  of  determining  the  true  S^urs 
of  the  earth,  and  (be  proportion  between  its  axis  andtha 
equatorial  diameter. 

Thus,  M.  Ricberfound  by  an  experiment  niade  in  (he 
island  of  Cayenne,  about  4  degrees  from  the  equator,  wh  em 


the  same  space  fallen  (hrough  at  Paris,  to  be  15  French 
feet. 

The  whole  doctrine  of  pendulums,  oscillating  between 
tviro  semicycloids,  both  in  theory  and  practice,  was  deli- 
vered by  that  author,  in  bis  IJorologium  Oscillatorium,  sive 
Demonstrationes  de  Motu  Pendulorum.  And  evejy  thing 
that  regards  the  motion  of  pendulums  has  since  been  de- 


xioDstrated  in  different  ways,  and  jparticulaily  by  Newton,     a  pendulum  3  feet  8|  lines  long,  which  it  Paris  vibrated 
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: 


■ecaiids,  required  to  be  shortened  a  lioe  and  «  quarter  to 
make  U  vibrate  seconds.  And  many  otber  observations 
bave  CDn6TnMd  the  same  principle.  Sec  Newton's  Prin- 
cipia,  lib.  3,  prop.  30.  By  comparing  the  different  obser- 
vations of  the  French  astronomers,  Newton  apprehends 
tbat  2  lines  may  be  considered' as  the  length  a  seconds  pen- 
dulum ought  to  be  decreased  at  the  equator. 

From  some  observations  made  by  Mr.  Campbell,  in 
1731,  in  Black-river,  in  Jamaica,  13,°  north  latitude,  it 
is  roliected,  that  if  the  length  of  a  simple  pendulum  that 
swings  seconds  in  London,  be  S^'lSfi  English  inches,  the 
length  of  one  at  the  equator  would  be  3900,  and  at  the 
poles  39-206.     Philoi.  Trans,  nurab.  432. 

And  hence  Mr.  Emerson  has  computed  the  following 
Table,  showing  the  length  of  a  pcndulnm  that  swings  se- 
conds at  every  5th  degree  of  latitude,  as  also  the  length  of 
the  degree  of  latitude  there,  in  English  miles. 


■^■' 

L<..Ei!i(>rp»- 

Li»<hofthe 
Dignc. 

inchc. 

mils. 

u 

39-027 

68-723 

5 

39029 

68-730 

10 

39-03? 

68-750 

15 

S9*036" 

68-783 

SO 

39044 

68-830 

25 

39-057 

68-882 

30 

39070 

68-950 

35 

39-084 

69-080 

40' 

39-097 

69-097     ■ 

45 

39111 

69176 

50 

39126 

69-256 

55 

39-142 

69330 

6o 

39-158 

69-401 

65 

39-168 

69467 

70 

39-177 

69-528 

75 

39-185 

69-568 

80 

39191 

69601 

85 

39195 

69-620 

90 

39-197 

69-628 

-Capt.  John  Warren  has  lately  made  experiments  on  pen- 
dulums, at  Madras,  latitude  13°  4*  12",  for  which  ^lace 
be  concludes  the  length  of  the  seconds  pendulum  to  be 
39-02627  inches.  He  farther  deduces  the  length  at  the 
equator  to'be  33-967  or  39  nearly,  and  that  at  the  pole 
39-207 ;  hence  he  deduces  the  effect  of  gravity,  in  one  se- 
cond of  time,  to  be  at  ttie  equator  l6'0328  feet,  and  at  the 
poles  16*1233  feet ;  and  hence  also  he  deduces  the  ellip- 
ticity  of  the  earth's  figure  to  be  jij  nearly.  See  the  Asiatic 
Researches,  vuU  xi,  art,  5. 

6.  If  two  pendulums  vibrate  in  similar  arcs,  the  times 
of  vibration  are  in  the  sub-duplicate  ratio  of  their  lengths. 
And  the  lengths  of  pendulums  vibrating  in  similar  arcs, 
are  in  the  duplicate  ratio  of  the  time«  of  a  vibration  di- 
rectly;  or  in  the  reciprocal  duplicate  ratio  of  the  number 
of  oscillations  made  in  any  one  and  the  tame  time.  For, 
the  time  of  vibration  t  being  aap^ — ,  where  p  and  |[  are 
consfant  or  given,  therefore  1  it  as y^r,  and r as''.  Hence 
therefore  the  length  of  a  half-second  pendulum  will  be  Jr 
or  ~p  =3  9781  inches;  and  the  length  of  the  quarter- 
Second  pendulum  will  be^  =  H|i  =8-445 inches;  and 
■o  of  other*.  '" 
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7.  The  foregoing  laws,  &c,  of  the  motion  of  pendulums 
cannot  strictly  hold  good,  unlets  the  thread  that  tustaini 
the  ball  be  void  of  weight,  and  the  gravity  of  the  whole 
ball  iie  collected  into  a  point.  In  practice  therefore,  a 
very  fine  thread,  and  a  small  ball,  but  of  a  very  heavy 
matter,  should  be  used.  But  a  thick  thread,  and  a  bulky 
bali,  disturb  the  motion  very  much ;  for  in  that  case  the 
simple  pendulum  becomes  acompound  one;  it  being  much  . 
the  same  thing,  as  if  several  weights  were  applied  to  ihc 
same  inflexible  rod  in  several  places. 

8.  M.  Kraffl,  in  the  new  Petersburg  Memoirs,  vols  6 
and  7,  has  given  the  result  of  many  e.\perinients  on  pen- 
dulums, made  in  different  parts  of  Russia,  with  deductions 
from  them,  from  which  be  derives  this  theorem;  Ifi  be 
the  Icngihof  apend.ulum  that  swings  seconds  in  any  given 
latitude  /,  and  in  a  temperature  of  10  degrees  of  Reaumur's 
thermometer;  then  will  the  length  of  that  pendulum,  for 
that  latifudc,  be  thus  expressed,  viz, 

X  =  (439-178  -^  2321  x  sin.V)  lines  of  a  French  foot. 
And  this  expression  agrees  very  nearly,  not  only  with  all 
the  experiments  made  on  the  pendulum  in  Russia,  but  also 
with  those  of  Mr.  Graham,  and  those  of  Mr.  Lyons  in 
79°  50"  north  latitude,  where  he  found  its  length  to  be 
'441-38  lines.     See  Oblateress. 

Simj^e  Penduluu,  in  Mechanics,  an  expression  com> 
monly  used  among  artists,  to  distinguish  such  pendulums 
as  have  no  provision  for  correcting  the  effects  of  beat  and 
cold,  from  those  that  have  such  provision.  Alao  Simple 
Pendulum,  and  Detached  Pendulum,  are  terms  sometimes 
used  to  denote  such  pendulums  as  are  not  coimected  with 
any  clock,  or  clock-work. 

Compound  Pendulum,  in  Mechanic*,  is  a  pendulum 
whose  rod  is  composed  of  two  or  more  wires  or  bars  of 
metal.  These,  by  undergoing  different  degrees  of  expan- 
sion and  contraction,  when  exposed  to  the  same  heat  or 
cold,  have  the  difference  of  expansion  or  contraction  made 
to  act  in  such  manner  as  to  preserve  constantly  the  same 
distance  between  the  point  of  suspension,  and  centre  of 
oscillation,  though  exposed  to  very  different  and  various 
degrees  of  heat  or  cold.  There  arc  a  great  variety  of  con- 
structions for  this  purpose ;  but  they  may  be  all  reduced 
to  the  Gridiron,  the  Mercurial,  and  the  Lever  Pendulum. 

It  may  be  Just  observed  by  the  way,  that  the  vulgar  me- 
thod of  remedying  .the  inconvenience  arising  from  the  ex* 
tension  and  contractionof  the  rods  of  common  pendulums, 
is  by  applying  the  bob,  or  small-  ball,  with  a  screw,  at  the 
lower  end  ;  by  which  means  the  pendulum  is  at  any  time 
made  longer  or  shorter,  as  the  ball  is  screwed  downwards 
or  upwards,  and  thus  the  time  of  its  vibration  is  kept  con- 
tinually the  same. 

jtngular  Pendulum,  is  formed  of  two  pieces  or  legs. 
Tike  a  sector,  and  suspended  by  thv  angular  point.  This 
form  has  been  invented  to  diminish  the  length  of  the 
common  pendulum,  and  at  the  same  time  to  preserve,  or 
even  increase  the  time  of  vibration.  In  this  pendulum, 
the  time  of  vibration  depends  on  the. length  of  the 
legs,  and  on  the  angle  contained  between  them  con- 
jointly, the  duration  of  the  time  of  vibration  increasing 
with  the  angle.  For,  the  wider  the  opening  between  the 
two  legs,  the  higher,  it  is  evident,  the  centre  of  gravity 
ascends,  as  the  shorter  its  distance  below  the  point  of  sus- 
pension, and  consequently  the  longer  the  distance  of  the 
centre  of  oscillation,  or  the  slower  the  vibration,  since  the 
distance  of  the  latter  is  reciprocally  proportional  to  that 
of  th«  former,  by  my  Couise  of  Mathematics,  vo).  3. 
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prop.  56-     Hence,  a  pendulum  of  this  construction  may  he  received  tbe  parliamentary  reward  of  between  30  and 

be  made  to  oscillate  in  nny  given  time  uhatever ;  for  the  30  thousand  pounds.     It  consists  of  5  rods  of  steel,  and  4 

diitance  of  the  centre  of  oscillation  may  be  computed  by  of  brass,  placed  in  an  alternate  order,  the  middle  rod  bein.r 

that  prop,  a'nd  the  time  of  vibration  by  prop.  30,  or  by  the  of  steel,  by  which  the  pendulum  ball  is  suspended  ;  these 

preceding  parts  of  this  article.-^— It  may  be  easily  shown,  rods  of  brats  and  steel,  thus  placed  in  an  alternate  order 

that  in  this  kiud  of  pendulum,  the  squares  of  the  times  of  and  so  connected  with  each  other  at  their  ends    that 

vibration,  are  directly  as  the  secants  of  half  the  angles  while  the  expansion  of  the  steel  rods  has  a  tendency  to 

contained  by  the  legs,  or  reciprocally  as  the  cosines  of  the  lengthen  the  pendulum,  the  expansion  of  the  brass  rods 

same.     Hence,  if  a  pendulum   of  this  construction  vi-  acting  upwards,  tends  to  shorten  iL     And  thus,  when  the 

brates  half  seconds  when  its  legs  are  close,  it  will  vibrate  lengths  of  the  b'rass  and  steel  rods  arc  duly  proportioned 

whole  seconds,  when  the  legs  are  opened  to  an-angle  of  their  expansions  and  contractions  will  exactly  balance 

151°  2{'.     If  the  two  legs,  for  instance,  be  15  inches  long,  and  correct  each  other,  and  so  preserve  the  penduluntJn- 

and  they  make  an  angle  of  150°  23',  the  time  of  vibration  vftriably  of  the  same  length.     The  simplicity  of  this  inge- 

will  be  1  second;  if  the  angle  be  increased  to  178°  4^^',  nious  contrivance  is  much  in  its  favour;  and' the  difficulty 

the  time  of  vibration  would  be  5  seconds.     See  Gregory's  of  adjustment  seems  the  only  objection  to  it.     Mr.  Har- 

Mechanics,  vol.  1,  pa.  269.  rison  in  his  first  machine  for  measuring  time  at  sea,  ap' 

If  an  isosceles  tight-angled  triangle  be  suspended  at  its  plied  this  combination  of  wires  of  brass  and  steel,  to  prp- 

vertex,  the  centre  of  oscillation  will  be  in  the  middle  of  vent  any  alterations  by  heat  or  cold ,  and  in  the  machines 

its  base.     And  if  a  right-angled  cone  be  suspended  at  its  or  clocks  he  has  jnad£  for  ibis  purpose,  a  like  method 


vertex,  the  centre  of  oscillation  will  be  in  the  centre  of 
base.  In  either  case  therefore,  the  time  of  vjbration  will 
be  the  same  as  that  of  a  simple  pendulum  tvhose  length  is 
equal  to  the  altitude  of  the  triangle  or  of  the  cone.  Other 
pendulums,  whose  lengths  shall  be  equal  to  the  distance 
of  the  centre  of  oscillation,  may  be  readily  found  from 
the  known  rules  for'  the  cintre  of  oscillation.  Thus,  in  a 
parabola  vibrating  in  ixs  own  plane,  and  suspended 


;sarisingfroni  this  cause 


of  guarding  against  the  irregulariti 
is  used. 

The  Mercurial  Pendulum  was  the  invention  of  the 
ingenious  Mr.  Graham,  in  consequence  of  several  e.xperi- 
raents  relating  to  the  materials  of  which  pendulums  might 
be  formed,  in  1715.  Its  rod  b  made  of  brass,  and 
branched  towards  its  lower  end,  so  as  to  embrace  a  cylin* 
dric  glass  vessel  13  or  U  inches  long,  and  about  2  inches 


vertex,  the  distance  of  the  centre  of  oscillation  below  the      diameter ;  which  being  filled  about  12  inches  deep  with 

■.  ,  __.:_       . ... .  __j  ...u.-  .l: .:...      mercury,  forms  the  weight  or  ball  of  the  pendulum.     If 

upon  trial  the  expansion  of  the  rod  be  found  too  great  for 
that  of  the  mercury,  more  mercurj'  must  be  poured  into 
the  vessel :  if  the  expansion  of  the  mercury  exceeds  that 
of  the  rod,  so  as  to  occasion  the  clock  to  go  fast  with  heat, 
some  mercury  inust  be  taken  out  of  the  vessel,  so  as  to 
shorten  the  column.  And  thus  may  the  expansion  and 
of  the  quicksilver  in  the  glass  be  made  exactly 
the  expansion  and  contraction  of  the  pendulum 
rou,  so  OS  10  preserve  the  distance  of  the  centre  of  oscilla- 
tion from  the  pcunt  of  suspension  invariably  the  same. 
Mr.  Graham  made  a  clock  of  this  kind,  and  compared  it 
with  one  of  the  best  uf  the  common  sort,  for  S  years  to- 
gether; when  he  found  the  errors  of    his  to  be  only 


I-  j-  parameter :  and  when  this  quantity 
is  equal  to  the  axis,  the  base  of  the  parabola  is  to  its 
axis,  as  1*85164' to  I.  For  several  other  cases,  see  the 
part  above  quoted  of  Dr.  Gregory's  Mechanics. 

The  Conical  01  CircvJar  Petidvlvm.  This  is  so  called 
(rem  the  figure  described  by  the  string  of  the  pendulum. 
This  kind  of  pendulum  was  invented  by  M.  Muygens,  and 
is  also  claimed  by  Dr.  Hooke.  Its  time  of  vibration  de- 
pends both  on  the  length  of- the  string  and  on  the  magni- 
tude of  the  circle  described  by  the  ball  of  the  pendulum,  or 
only  on  thealtitudeofthecone  described,  by  the  pendulum; 
for  if  a  denote  the  altitude  of  the  cone  described,  and 
p  =  3'I410ialsOf  =  16A  feet,  the  distance  freely  &llen 
by  a  heavy  body  in  1  second  of  time;  then  it  is  well  known 


to  balai 


the    lime  of  each  revolution  of  the  pendulum,  is     about  one^ghth  part  of  those  of  the  latter.  Phi los.  Trans, 
irly:  and  is  therefore      ^°l?^: 


I  a  p^ — ss  I'lOSv^a  seconds 

equal  to  double  the  time  of  vibration  of  a  cotif  mon  simple 
pendulum,  whose  length  isequnl  to  the  height  of  the  cone. 
Several  other  ingenious  contrivances,  by  means  of  dif- 
ferent rods  and  level's,  as  also  hollow  pendulums,  &c,  have 
been  devised  by  several  artists ;  as,  for  instance,  by  a  Mr. 
Chandler,  by  Mr.  Troughton,  and  by  Mr.  Adam  Reid,  an 
ingenious  mechanist  at  Woolwich.    This  last  contrivance. 


The  Lever  PEKWhUK.  From  all  that  appears  c 
ceming  this  cbnstruction  of  a  pfjidulum,  we  are  inclined 
to  believe  that  the  idea  of  making  the  difference  of  the 
expansion  uf  different  metals  operate  by  means  of  a  lever, 
originated  with  Mr.  Graham,  who  in  the  year  1737  con- 
structed a  pendulum,  having  its  rod  composed  of  one  bar 
of  steel  between  two  of  brass,  which  acted  on  the  short  end 

I  lever,  to  the  other  end  of  which,  the  ball  or  weight  of 


is  by  a  long  steel  rod,  which  passes  easy  through  a  hollow      the  pendulum  was  suspended.     This  pendulum  howei 


shorter  rod^of  zinc,  only  connected  togethi 
toms ;  the  pendulum  ball  or  weight  being  connected  to  ihe 
upper  end  of  the  zinc  rod.  As  the  long  steel  rod  length' 
ens  by  heat,  and  lowers  the  ball,  the  zinc  does  the  same, 
and  raises  the  ball  as  much,  by  which  the  pendulum  is 
preserved,  of  the  same  length  in  all  temperatures,  when 
once  the  rods  have  been  adjusted  together  of  properlenglhs. 
The  Gridiron  Pekdulvh  was  the  invention  of  Mr, 
John  Harrison,  a  very  ingenious  artist,  and  celebrated  for 
bis  invention  of  the  watch  for  finding  the  diOerence  of  lon- 
gitude at  sea,  about  Ihe  year  1725 ;  and  of  several 


rime-keepen  and  watches  i 


e  that  ti 


was,  upon  trial,  found  to  move  by  jerks;  and  therefore 
laid  aside  by  the  inventor,  to  make  way  for  the  mercurial 
pendulum,justmentioned. 

Mr.  Short  informs  us  in  the  Pfailos.  Trans,  vol,  47, 
art.  88,  that  a  Mr.  Frotheringham,  a  quaker  in  Lincoln- 
shire, caused  a  pendulum  of  this  kind  to  be  made:  it  con- 
sisted of  two  bars,  one  of  brass,  and  the  other  of  steel, 
fastened  together  by  screws,  with  levers  to  raise  or  let 
down  [he  bulb;  above  which  these  levers  were  placed. 
M.  Cassjni  too,  in  the  History  of  the  Royal  Academy  of 
"-■ at  Paris,  for  1741,  describes  two  kinds     ' 


for  all^which     dnlums  for  clocks,  compounded  of  bars  of  brass  and  steel, 
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ind  in  wbicli  he  applies  ».  lever  to  niie  or  ict  down  the         This  i>  doubtlen  one  of  the  most  ingenioui  and  usefal 

bulb  of  the  pendulum,  by  the  expansion  or  contraction  of  inventions  many  ages  have  produced  :  by  roeaiu  of  which 

tb«  bar  of  braw.  it  has  been  asKrted  thero  have  htwn  clocks  that  would  nut ' 

Mr.  John  Ellicott  also,  in  the  year  1738,  constructed  a  vary  a  single  second  in  several  days;  and  the  sameinven- 

pcndulum  on  the  sane  prinnple,  but  difiering  from  Mr.  tion  also  gave  rise  to  the  whole  doctrine  of  involute  and 

Grabara's  in  many  particulars.     The  rod  of  Mr.  Eili-  evolute  curves,  with  the  radius  and  degree  of  curva- 

coit's  pendulum  was  composed  of  two  bars  only ;  the  one  ture,  fitc. 

of  brass,  and  the  other  of  steel.     It  had  two  levers,  each         It  is  true,  the  pendulum  is  still  liable  to  its  im^tari- 

sustaining  its  half  o(  the  ball  or  weight ;  with  a  spring  ties,  how  minute  soever  they  may  be.     The  silken  thread 

under  the  lower  part  of  the  ball  to   relieve  the,  levers  by  which  it  was  suspended,  shortens  in  moist  weather,  and 


from  a  considerable  part  of  its  weight,  and  so  to  rende 
their  motion  more  smooth  and  easy.  The  one  lever  in 
Mr.  Graham's  construction  was  above  the  ball :  whereas 
both  the  levers  in  Mr.  Eliicott's  were  within  the  ball;  and 
each  lever  had  an  adjusting  screw,  to  lengthen  or  shorten 


n  adjusting 
the  lever,  so  as  to  render  the  adji 


to  tengthe 

ibe  more  perfect. 


lengthens  in  dry;  b^  which  means  the  length  of  the  whole 
pendulum,  and  consequently  the  times  of  the  vibrations, 
are  somewhat  varied. 

To  obviate  this  inconvenience,  M.  Lahire,  instead  of  a 
silken  thread,  mad  a  little  Gna  spring;  which  was  not  in- 
deed subject  to  shorten  and  lengthen  from  those  causes; 


See  ibe  Philos.  Trans,  vol.  I?,  pa.  *79i  where  Mr.  Elli-  yet  he  found  it  grew  stiller  in  cold  weather,  and  the» 

cott's  methods  of  construction  are  described,  and  illu^tra-  made  its  vibrations  faster  than  in  warm  ;  to  which  also  we 

ted  by  figures.  may  add  ill  expansion  and  contraction  by  heat  and  cold. 

Notwithstanding  the  great  ingenuity  dbplayed  by  these  He  therefore  had  recourse  to  a  stiff  wire  or  rod,  firm  from 


very  eminent  utists  on  this  construction,  it  must  further 
be  observed,  in  the  history  of  improvements  of  this  nature, 
that  Mr.  Cumming,  ajiothcr  eminent  artist,  has  given,  in 
his  Essays  on  the  Principles  of  Clock  and  Watch-work, 
Lond.  1766,  an  ample  description,  with  plates,  of  a  con- 
struction of  a  pendulum  with  levers,  in  whtch  it  seems  he 
has  united  the  ptopeities  of  Mr.  Graham's  and  Mr.  Elii- 
cott's, without  being  liable  to  any  of  the  defects  of  either. 

The  rod  of  this  pendulum  is  composed  of  one  6at  bar  of     Dr.  Derham  ascribes 
brass,  and  two  of  steel;  he  uses  three  levers  within  the     temperature  of  the 


one  end  to  the  other.  Indeed  by  this  means  he  re- 
nounced tho  advantage*  of  the  cycloid  ;  but  he  found,  as 
he  says,  by  experience,  that  the  vibrations  in  circular  arcs 
are  performed  in  times  as  equal,  provided  they  be  not  of 
too  greatextent.as  those  in  cycloids.  Buttbe  experimenta 
of  Sir  Jonas  Moore,  and  others,  have  demonstrated  the 
Contrary. 

The  ordinary  causes  of  the  irregularities  of  pendulums  , 

"  the  alieratiuns  in  the  gravity  and 

which  increase  and  diminish  the 


ball  of  the  pendulum  ;  and,  among  many  other  ingenious  weight  of  the  ImU,  and  by  that  means  make  the  vibra- 
contrivances,  for  the  more  accurate  adjusting  of  this  pen-  tions  greater  and  less  ;  an  accession  of  weight  in  the  ball 
dulum  to  mean  time,  it  is  provided  with  a  small  ball  and     being  found  by'cxperiment  to  accelerate  the  motion  of  tl 


screw  below  the  principal  ball  or  weight,  one  entjre 
lution  of  which  on  its  screw  will  only  alter  the  rate  of  the 
clock's  going  one  second  per  day  ;  nnd  its  circumference 
is  divided  into  30,  one  of  which  divisions  will  therefore  al- 
ter its  rale  of  going  one  second  in  a  month. 
Pevdulcm  Qoci,  is  a  clock  having  its 


pendulum ;  for  a  weight  of  6  pounds  added  to  the  ball. 
Dr.  Derham  found  made  his  clock  gain  13  seconds  every 

A  general  remedy  against  the  inconveniences  of  pen- 
dulums, is  Co  make  them  long,  the  ball  heavy,  and  Ip  vi- 
brate but  in  small  arcs.     These  are  the  usual  means  em- 


lated  by  the  vibration  of  a'  pendulum.  It  is  controverted  ployed  in  England  ;  the  cycloidal  cheeks  being  generally 
between  Galileo  and  Huygi-ns,  which  of  the  two  first  ap-  Tieglected.  See  the  foregoing  article, 
plied  the  pendulum  to  a  clock.  For  the  pretensions  of.  Pendulum  clocks  resting  against  the  same  rail  have- 
each,  see  Clock.  'After  Huygens  had  discovered,  that  the  been  found  to  inflaeuce  each  other's  .motion.  See  the 
vibration  made  in  arcs  of  a  cycloid,  however  unequal  they  Philos.  Trans.  No.  453,  sect.  5  and  6,  where  Mr.  Ellicott 
might  be  in  extent,  were  alt  equal  in  time;  he  soon  per-  has  given  a  curious  and  exactaccount  of  this  phenomenon. 
ceived,  that  a  pendulum  applied  to  a  clock,  so  as  to  make  Pekddluu  Hoyal,  a  name  used  among  us  for  a  clock, 
it  describe  arcs  of  a  cycloid,  would  rectify  the  otherwise  whose  pendulum  swings  seconds,  and  goes  B  days  without 
unavoidable  irregularities  of  the  motion  of  the  clock;  windingup;  showing  the  hour,  minute,  and  second.  The 
since,  though  the  several  canses  of  those  irregularities  numbers  in  such  a  piece  are  thus  calculated.  First  cast 
should  occasion  the  pendulum  to  make  greater  nr  smaller  up  the  seconds  in  12  hours,  which  are  the  beats  in  one  turn 
vibrations,yet,  by  virtue  of  the  cycloid,  it  would  still  make  of  the  great  wheel ;  and  they  will  be  found  to  be  43200  = 
them  perfectly  equal  in  point  of  time ;  and  the  motion  of  ]  3  x  60  x  60.  The  swing-wheel  must  be  30,  to  swing 
the  clock  governed  by  it,  would  therefore  be  preserved  per-  00  seconds  in  one  of  its  revolutions;  now  let  the  half  of 
fectly  equable.  But  the  difficulty  was,  hoW  to  make  the  43300,  viiSlSOO,  be  divided  by  30,  and  the  quotient  will 
pMidulum  describe  arcs  of  a  cycloid;  for  naturally  the  be  720,  which  must  be  separated  int»T]BO- 


pendulum,  being  suspended  by  a  fixed  point,  can  only  de- 
scribe circular  ares  about  it. 

Here  M.  Huygens  contrived  to  fix  the  iron  rod  or  wire, 
which  bears  the  ball  ur  weight,  at  the  top  to  a  silken 
thread,  placed  between  two  cycloidal  cheeks,  or  two 
little  arcs  of  a  cycloid,  made  of  metal.     Hence  tbt 


Tho  first  of  these  must  bo  12,  for  8  )  96  (  12. 
the  great  wheel,  which  moves  round-wnce  8  )  64  (  8 
in  12  hours.  .  Now  790  divided  by  12,  8  )  60  (  Tj 
gives  60,  which  may  also  be  conveniently  30 

broken  into  two  quotients,  as  10  and  6,  or 

r  8  and  7^ ;  which  last  is  must  convenient : 


lion  of  vibration,  applying  successively  from  one  of  those  if  the  pinions  be  all  taken  8,  the  work  will  stand  as  above, 

arcs  to  the  other,  the  thread,  which  is  extremely  flexible,  According  to  this  compuution,  the  great  wheel  will  go 

easilyassumes  t^e  figure  ut  them,  and  by  that  means  causes  round  once  in  12  hours,  to  show  the  hour ;  the  next  wheel 

the  ball  or  weight  at  the  twttom  to  describe  a  just  cy-  once  iu  an  hour,  to  show  the  minutes ;  and  the  swing- 
cloidal  arc. 
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wheel  once  in  a  minute,  to  show  tbewcondk    SeeCLOCK- 

TOKK. 

Ballitlie  Pevduluh.     See  Ballistic  Pendithtm. 

Level  Vetuvvlvm.    Se«  Level. 

Pendulum  Watch.    See  Watch. 

PENETRABILITY,  capability  of  being  penetrated. 
See  ImpeketraBilitt. 

PENETRATION,  tlie  act  by  wbich  one  thing  enters 
another,  or  taltes  up  the  place  already  possesjed  by  ano- 
ther. The  schootinen  define  penetration  the  co-CKistencc 
of  two  or  more  bodies,  ao  that  one  is  present,  or  'has  its 
extension  in  the  same  place  as  the  other.  Most  philoso- 
phers hold  the  penetration  of  bodies  absurd,  i.e.  that  two 
bodies  should  be  at  the  same  time  in  thesameplacc;  and 
accordingly  impenetrability  is  laid  down  as  one  of  the  es- 
sential properties  of  matter. — What  is  popularly  called 
penetration,  only  amounts  to  the  matter  of  one  body's 
beiag  admitted  into  the  vacuity  or  porei  of  another.  Such 
is  the  penetration  of  water  through  the  substance  of  gold- 

PENINSULA,  in  Geography,  is  a  portion  or  extent  of 
land  which  is  nearly  surrounded  with  water,  being  joined 
to  the  continent  only  by  an  isthmus,  or  narrow  nccli. 
Such  is  Africa,  the  greatest  peninsula  in  the  world,  which 
is  joined  to  Asia  by  an  isthmus  at  the  extremity  of  the 
Red  Sea ;  such  also  is  Peloponnesus,  or  the  Morea,  joined 
toGreece:  and  Jutland,  &c.  Peninsula  is  the  same  with 
what  is  otherwise  called  Chersonesus. 

PENNY,  a  well-known  copper  coin,  being  the  ISth 
part  of  a  shilling.  The  penny  was  formerly  a  silver  coin 
lint  struck  in  England  by  our  Saxon  ancestors,  being  the 
340lh  part  of  their  pound,  and  its  tcue  weight  was  about 
33^  grains  troy. 

In  Etheldred's  time,  the  penny  was  the. 20th  part  of  the 
troyouDce,  and  equal  in  weight  to  our  three  pence ;  which 
value  it  retained  till  the  time  of  Edward  IIL 

Till  the  time  of  King  Edward  the  first,  the  penny  was 
■truck  with  a  cross  so  deeply  sunk  in  it,  that  it  might,  on  ' 
occasion,  be  easily  broken,  and  parted  into  two  halves, 
thence  called  halfpennies  ;  or  into  four,  thence  called 
fourthings,  or  farthings.  But  that  prince  coined  it  without, 
the  cross;  instead  of  which  be  struck  round  halfpence 
and  forthings.  Though  there  are  said  to  be  instances  of 
aucb  round  halfpence  having  been  made  in  the  reign  of 
Henry  the  first,'  if  not  also  in  that  of  the  two  Williams. 

Edward  the  first  also  reduced  the  weight  of  the  penny 
toa  standard  ;  ordering  that  it  should  weigh  33  grains  of 
wheat,  taken  out  of  the  middle  of  the  ear.  This  penny 
was  called  the  penny  sterling ;  and  20  of  them  were  to 
weigh  an  ounce  ;  whence  ,thc  penny  became  &  weight  as 
welfasacoin.  , 

By  the  9th  of  Edward  the  3d,  it  was  diminished  to  the 
36lh  part  of  the  tmy  ounce  ;  by  the  2d  of  Henry  the  6th 
it  was  the  f)2d  part ;  by  the  5th  of  Edward  the  4th,  it  be- 
came the  40th,  and  alio  by  the  36th  of  Henry  the  8th,  and 
afterwards,  the  45th  ;  but  by  the  2d  of  Elizabeth,  60  pence 
were  coined  out  of  the  ounce,  and  during  her  rcigu  62, 
which  last  proportion  is  still  observed  in  our  times. 

The  French  penny,  ordenier.is  oftwokinds;  the  Paris 
penny,  called  denier  Parisis ;  and  the  peony  of  Tours, 
called  denier  Tournois. 

The  Dutch  penny,  called  pcnnink,  or  pening,  is  a  real 
money,  worth  about  one-fifth  more  than  the  French  penny 
Tonrnoii.  The  pennink  is  also  used  as  a  money  of  ac- 
count, in  keeping  books  by  pounds,  florins,  and  patards  ; 
ISpenainks  moke  the  paUnI,  and  20  patards  the  florin. 
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At  Hamburg,  Norerabcrg,  &c,  the  penny,  or  pfennig  of 
account,  is  equal  to  the  French  penny  Tournois.  Of 
these,  8  make  the  krieuk  ;  and  60  the  Horia  of  those  ci- 
ties ;  also  90  the  French  crown,  or  4s.  6d.  sterling. 

pENNY-ffe^Af,  a  troy  weight,  being  the  30th  part  of 
an  ounce,  containing  34  grains;  each  grain  weighing  a 
grain  of  wheat  gathered  out  of  the  middle  of  the  ear,  well 
dried.  The  name  took  its  rise  from  its  being  actually  the 
weight  of  one  of  our  ancient  silver  pennies.  See  the  forc- 
~  going  article. 

PbiNTAGON,  in  Geometry,  a  plane  figure  consisting 
of  five  angles,  and  consequently  five  sides  also.  If  the 
angles  be  all  equal,  it  is  a  regular  pentagon.  It  is  a  re- 
markable property  of  the  pentagon,  that  its  side  is  equal 
in  power  to  the  sides  ofa  hexagon  and  adecagon  inscribed 
in  the  s^me  circle ;  that  is,  the  square  of  the  side  of  the 
pentagon,  is  equal  to  both  the  squares  taken  together  of 
the  sides  of  the  other  two  figures ;  and  consequently  those 
three  sides  will  constitute  aright-angled  triangle.  Euclid, 
1.13,  prop.  10. — Pappus  has  also  demonstrated,  thfit  I? 
regular  pentagons  contain  more  than  20  triangles  inscribed 
ill  the  same  circle;  lib.  5,  prop.  45. — The  dodecahedron, 
which  is  the  fourth  regular  body  or  solid,  is  contained  un- 
der 12  equal  and  regular  pentagons. 

To  find  the  Area  of  a  Regular  Pentacon.  Multiply 
the  square  of  its  side  by  1'7204774,  or  by  j-  of  the  tan- 
gent af  fi4°,or  by  ^y/0-  +  tV^^}-  Hence.  i(»  denote  the 
side  of  the  pentagon,  its  area  will  be  I-7304774f'  = 
^^/(  1  +  W^)  =  K  >*   t»hg.  54°. 

PENTAGRAPH,  otherwise  called  a  paralielogram,  a 
mathematical  instrument  for  copying  designs,  prints,  plans, 
&c,  in  any  proportion.  The  common  pentagraph  (plate  24, 
fig.  3)  consists  of  four  rulers  or  bars,  of  metal  or  wood, 
two  of  them  from  15  to  ISincbcslong,  the  other  two  half 
that  length.  At  the  ends,  and  in  the  middle,  of  the  long 
rulers,  a»  also  at  the  ends  of  the  shorter  ones,  are  holet, 
on  the  exact  fixing  of  which  the  perfection  of  the  tiuiru- 
ment  chiefly  depend).  Those  in  the  middle  of  the  long 
rulers,  are  to  be  at  the  same  distance  from  those  at  the  end 
of  the  long  ones,  and  those  of  the  short  ones;  so  that, 
when  put  together,  they  may  always  make  a  parallelogram. 

The  instrument  is  fitted  together  for  use,  by  several 
little  pieces,  particularly  a  little  pillar.  No.  I,  having  at 
one  end  a  nut  and  screw,  joining  the  two  long  rulers  toge- 
ther ;  and  at  tbe  other  end  a  small  knot  for  the  instrument 
to  slide  on.  The  piece  No.  2  is  a  rivet  with  a  screw  and 
nut,  by  which  each  short  ruler  is  fastened  lo  the  middle 
of  each  long  one.  The  piece  No.  3  isa  pillar,  one  end  of 
which,  being  hollowed  into  a  screw,  has  a  nut  fitted  to  it; 
and  at  the  other  end  is  a  worm  to  screw  into  the  table; 
when  the  instrument  is  to  be  used,  it  joins  tbe  ends  of  the 
two  short  rulers.  The  piece  No.  4  is  a  pen,  or  pencil,  or 
portcrayon,  screwed  into  a  tittle  pilUr.  Lastly,  the  piece 
No.  5  is  a  brass  point,  moderately  blunt,  screwed  likewise 
into  a  little  pillar. 

U»e  qfj/ie  Pehtao&apii. — 1.  To  copy  a  de^n  in  the 
same  size  or  scale  as  thu  original.  Screw  the  worm  No.  3 
into  the  tabic ;  lay  a  paper  under  tbe  pencil  No.  4,  and 
the  design  under  tlie  point  No.  5.  This  done,  conduct  the 
point  oyer  the  several  lines  and  parts  of  the  design,  and  the 
pencil  will  draw  or  repeat  the  same  on  the  paper. 

9.  When  the  design  is  to  be  reduced,  for  eminplc  to  half 
the  scale  ;  the  worm  must  be  placed  at  the  end  of  the  long 
ruler  No.  4,  and  the  paper  and  pencil  in  the  middle.  In 
this  situaiioQ  conduct  the  brass  point  over  tbi;  several  lines 
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of  the  dctign,  aa  before  i  and  ibc  pencil  at  the  tame  time 
will  draw  its  copy  in  the  propanion  required  ;  the  pencil 
here  only  moving  hulf  the  lengths  that  the  point  moves. 

3.  On  the  contrary,  when  the  design  i*  to  be  enlarged 
to  a  double  size ;  the  brass  point,  with  the  design,  must  be 
pluced  in  the  middle  at  Nu.3,  the  pencil  and  paper  at  the 
end  of  the  long  ruler,  and  the  worm  at  tbe  other  end. 

4.  To  reduce  or  enlarge  in  other  proportions,  there  are 
holes  dniledatequul  duslancesonoach  ruler;  viz, all  along 
iJie  short  ones,  and  half  way  of  the  lung  ones,  for  placing 
thu  brass  point,  pencil,  and  worm,  in  a  right  line  in  thera^ 
i.  e.  if  the  piece  carrying  the  point  be  put  in  the  third 
hole,  the  other  two  pieces  must  be  put  each  in  its  third 

PtiNTANGLE,  h  plane  figure  of  live  angles,  or  the 
lamc  as  the  Pentagon. 

PENUMBRA,  in  Astronomy,  a  faint  or  partial  shade, 
in  an  eclipse,  observed  between  the  perfect  shadow,  iind 
the  full  light.  The  penumbra  arises  from  the  magnitude 
of  the  sun's  body  :  were  he  only  a  luminous  point,  the 
bbadow  would  be  all  perfect ;  but  by  reason  of  the  diame- 
ter of  tbe  sun  it  happens,  that  a  place  whicb  is  not  illu- 
minated by  the  wbole  body  of  the  sun,  may  yet  receive  rays 
from  some  part  of  it.  Thus,  suppose  s  tbe  sun,  and  t  the 
mooD,  and  the  shadow  of  the  latter  projected  oti  a  plane, 
as  QH  (plate  24,  fig.  3).  The  true  proper  shadow  of  t, 
viz  r>il,  will  be  encompassed  with  animperfect  shadow,  or 
penumbra,  iii.  and  c^e,  each  portion  of  which  U  illu- 
minated by  an  entire  hemisphere  of  the  sun. 

Tbe  degree  of  light  or  shade  of  the  penumbra,  wilt  be 
more  or  lit>s  in  different  parts,  as  those  parts  lie  open  to  the 
rays  of  a  greater  or  less  part  of  the  sun's  body:  thus,  from 
J.  10  u,  and  from  e  too,  the  light  continually  diminishes; 
in  the  confines  of  a  and  h,  tbe  penumbra  is  darkest, 
and  becomes  lost  and  confounded  with  tbe  totaUbade ;  as 
near  e  and  l  it  is  ihin  and  confounded  with  the  total 
light. 

A  penumbra  must  be  found  in  all  eclipses,  whether  of 
the  sua,  the  moon,  or  the  other  planets,  primary  or  se- 
condary ;  but  it  is  most  considerable  with  us  in  eclipses 
of  the  sun ;  which  is  the  case  here  referred  to. 

To  determine  how  much  of  the  surface  of  the  earth  can 
be  involved  in -the  penumbra,  let  „ 

theapparent  scmidiameter  of  the  sun 
be  supposed  the  greatest,  or  about 
l6'  20",  which  is  when  the  earth  is 
in  her  perihelion  ;  also  let  the  moon 
be  in  her  apogee,  and  therefore  at 
her  greatest  distance  from  the  earth, 
or  about  (i4  of  the  earth's  semidia- 
meters.     Let  KNC   be   the  earth,   t 
the  moon,  and  hkn  the  penumbra, 
involving  the  part  of  the  earth  from 
K  to  H,  which  it  is  required  to  find. 
Here    then    are    given    the    angle 
SMC  =  16'  20",  Tc  =  64,  KC  =  1, 
and  OT  =  :(^  of  KC.     Hence,  in  the  right-angled  triangle 
OTM,  as  sin.  out  :  radius  :  :  ot  :  tm  =  210{ot  =  58kc 
nearly.     Therefore  mc  =  mt  +  tc  =  58  -f-  64  =  122 
semidiameters  of  the  earth,     Then,  in  the  triangle  kmc, 
there  are  given  KC  =  i,  anil  MC  =  122,  also  the  angle 
KMC  =1  16' 20",  to  find  the  angle  c  ;  thus,  es 
Kc:Mc:;siii.  ^Kuc:  sin.  ^hkp  =  35"   25'    35"i 
from  this  take  the  angle  ^KHC     -         0     l6     20, 
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the  double  of  which  is  the  arc  kn        70°    18'    22", 
or  Hearlya  space  of  4B6G  miles  in  diameter. 

PERAJIBULATOR,  ati  instrument  for  measuring  di- 
stances i  called  also  pedometer,  way-wiser,  and  surveying 
wheel.  This  wheel  is  contrived  to  measure  outa  pole,  or" 
Ifij  feet,  in  making  two  revolutions;  consequently  its  cir- 
cumference is  &i  feet,  and  its  diameter  2-62(»fi!et,or  2  feet 
3i  inches  and  j^^  parts,  .very  nearly.  It  js  either  driven 
forward  hy  two  handles,  by'a  person  walking  ;  or  is  drawn 
by  a  coach  wheel,  &c,  to  ivhich  it  is  attached  by  a  pole. 
It  contains  various  movements,  by  wheels, or  clock-work, 
with  indices  on  its  face,  which  is  like  that  of  a  clock,  to 
point  out  the  distance  passed  over,  in  miles,  fuilongs,  poles, 
yards,  &c.  Its  advantages  are,  its  readiness  and  expedi- 
tion ;  being  very  useful  fur  measuring  roads  and  great  di- 
stances on  level  ground.     See  the  fig.  plate  21,  fig.  6. 

PERCH,  in  Surveying,  a  square  roeasere,  being  the  40th 
part  of  a  rood,  or  the  l60th  part  of  an  acre;  that  is,  the 
square  of  a  pole  or  rod,  of  the  length  of  5y  yards,  or  l6i 
fiset. 

Perch  is  by  some  also  made  to  mean  a  measure  of 
length  ;  being  the  same  as  the  rod  or  pole  of  5,  yards  or 
i6^  feet  lung.  Bui  it  is  better,  for  preventing  confusion, 
to  distinguish  them. 

PERCUSSION,  in  Physics,  the  impression  a  body 
makes  in  falling  or  striking  upon  another ;  or  the  shock  or 
collision  of  two  bodies,  which  meeting  alter  each  other's 
motion, — Percussion  is  either  direct  or  oblique.  It  is  also 
either  between  elastic  or  nonclastic  bodies,  which  have 
each  their  different  laws.  It  is  true,  we  knew  of  no  bodies 
in  nature  that  are  either  perfectly  elastic  or  the  contrary  ; 
butallpartakingof  that  property  in  different  degrees;  even 
the  hardest  and  the  softest  bcingnot  entirely  divested  of  it. 
But,  for  the  sake  of  perspicuity,  it  is  usual,  and  proper, 
to  treat  of  these  under  two  distinct  heads. 

Dirrct  Percussion  is  that  in  which  the  impulse  is  made 
in  the  direction  of  a  line  perpendicular  at  the  place  of  im- 
pact, and  which  also  passes  through  the  common  centre  of 
gravity  of  the  two  striking  bodies.  As  is  the  ease  in  two 
spheres,  when  the  line  of  the  direction  of  the  stroke  passes 
through  the  centres  of  both  spheres  ;  for  then  the  same 
line,  joining  their  centres,  passes  perpendicularly  througU 
the  point  of  impact.  .  And 

Op%ue  Percussion,  is  that  in  which  the  impulse  ii 
made  in  the  direction  of  a  line  that  does  not  pass  through 
the  common  centre  of  gravity  of  the  striking  bodies; 
whether  that  line  of  direction  is  perpendicular  to  the  place 
of  impact,  or  not.  Tbe  force  of  percussion  is  the  same  as 
the  momentum,  or  quantity  of  motion,  and  is  represented 
by  the  product  arising  from  the  mass  or  quantity  of  matter 
moved,  multiplied  by  tbe  velocity  of  its  motion ;  end  that 
without  any  regard  to  the  time  or  duration  of  action ;  for 
its  actiojj  is  considered  totally  independent  oi  time,  or  but 
as  for  an  instant,  or  an  inlinilely  small  time. 

This  leads  us  to  consider  a  question  that  has  been  greatly 
'assed  among  philosophers  and  mathematicians,  vjz, 
what  is  the  relation  between  the  force  of  percussion  and 
mere  pressure  or  weight  t  Now  let  M  denote  any  mass, 
body,  or  weight,  having  no  motion  or  velocity,  but  simply 
its  pressure;  then  will  that  pressure  or  force  be  denoted 
by  M  itself,  if  it  be  considered  as  acting  for  some  certiiio 
finite  assignable  time  ;,  but,  considered  as  a  force  of  per- 
cussion, that  is,  as  acting  but  for  an  infinitely  small  time, 
its  velocity  being  0,  or  nothing,  its  percussive  force  will  be 
Oku,  that  b  0,  or  nothing  ;  and  is  therefore  inconipa- 
7. 
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fable  with  any  percuttiTe  force  whatever.     But  if  we  con-  Those  however  that  take  the  contrary  side  of  the  qaes- 

aider  the  two  forces,  vis,  of  percuieiou  and  presanre,  with  tion  ;  in  utiwer  to  what  ia  above  stated,  make  the  follow- 

respect  to  theeffects  they  produce:  we  shall  find  that  there  ing  reply.    Wc  do  nut,  say  they,  contend  for  the  absolute 

are  instances  in  which  they  appear  to  resemble  each.oUier.  comparability  of  percussion  and  pressure ;  all  we  assert  it. 

Those  who  argue  that  the  two  forces  are  totally  incompa-  thatihcre  are  inatanccsin  which  they produceeiinilareffects, 

rable  both  in  their  nature  and  effects,  support  their  hypo-  and  as  forces  can  only  be  compared  t>y  thdr  effects,  it  is 

thesis  in  the  following  manner.     The  intensity  ofany  force  improper  to  consider  them  as  absolutely  incongruous  :  it 

is  very  properly  estimated  by  the  effect  it  produces  in  a  is  true  that  percussion  is  a  momentary  cause,  but  the  effect 

given  time;  bat  the  effect  of  the  pressure  u,  in  0  time,  or  il  produces  is  nut  instantaneous;  thus  the  blow  ofaham- 

tfl  infinitely  small  time,  is  nothing  at  all ;  that  is,  it  will  mcr  may  be  considered  as  acting  for  an  indefinitely  small 

not,  in  an  infinitely  small  time,  produce,  for  example,  any  portion  of  time,  but  the  effect  it  produces  can  only  be  com- 

piotion,  either  in  itself,  or  in  any  other  body:  its  intensity  pleteaftera  certain  finiiclimei  and  if,  in  this  time,  accr- 

therefore,  as  its  effect,  is  infinitely  less  than  any  the  smallest  tain  quantity  of  pressure  will  produce  the  tame  motion  in 

force  of  percussion.     It  is  truc,indeed,  that  we  see  motion  anybody,  then  it  follows  that  there  may  be  instances  in 

■nd  other  considerable  effects  produced  by  mere  pressure,  which  the  effects  of  these  two  forces  are  equal,  and  conie- 

gnd  to  counteract  which  requires  the  opposition  of  some  quenily  that  they  arc  comparable  with  each  other ;  and 

considerable  percussive  force :  but  then  it  must  be  ob-  to  this  it  may  be  farther  added,  that  thoagb  we  allow  per- 

ierved,  that  the  former  has  been  an  infinitely  longer  time  cussion  to  be  an  instantaneous  force,  yet,  must  that  body 

than  the  latter  in  producing  its  effect ;  and  it  is  no  wonder  by  which  it  is  communicated  have  been  in  motion  for  a 

in  mathematics  that  an  infinite  number  of  infinitely  small  certain  time,  in  order  to  have  attained  the  velocity  with 

quantities  makes  up  a  linite  one-     It  has  therefore  only  which  it  strikes,  and  to  which  alone  we  attribute  its  supe- 

been  for  wantofconsidenngthecircumstance  of  time,  that  rior  force  ;  there  seems  therefore  no  reason  why  pressure 

any  question  could  have  arisen  on  this  head.     Hence  it  is  should  not  be  allowed  to  act  for  the  same  time*in  any  cases 

laid  that  these  two  forces  are  related  to  each  other,  only  when  we  are  comparing  the  effect  of  the  two  forces  with 

lurface  is  to  a  solid  or  body  :  by  the" motion  of  the  each  other.    In  fact,  the  difference  between  percussion  and 


lur&ce  through  an  infinite  number  of  points, 
£nite  right  line,  a  solid  or  body  is  generated  :  and  by  the 
action  of  the  pressure  for  an  infinite  number  of  moments, 
Sr  for  some  finite  time,  a  quantity  equal  to  a  given  percus- 
■ive  force  is  generated  :  but  the  surface  itself  is  infinitely 
less  than  any  solid,  and  the  pressure  infinitely  less  than 
any  percussive  force.  This  point,  say  they,  may  he  easily 
illustrated  by  some  familiar  instances,  which  f 


St  in  this,  that,  in  the  latter  force, 
body  is  acting  by  continual  and 
successive  impulses,  whereas  in  the  former,  these  efforts, 
as  it  were,  are  all  collected  into  one  sum,  and  then  instan- 
taneously applied.    And  the  reason  why  ihey  du  not  pro- 
duce the  same  effect  is,  (hat  whet)  any  resistance  to  motion 
is  made,  either  by  friction  or  otherwise,  a  certain  force  is 
necessary  to  overcome  the  opposing  force,  before  any  ab- 
s  disproportion  between  the  two  forces,  if  not     solute  motion  can  ensue,  and  no  force  short  of  that  by 
also  their  absolute  incomparability.     And  first,  the  blow     which  the  body  is  opposed  will  produce  any  effect  what- 
'  a  small  hammer,  upon  the  head  of  a  nail,  will  drive  the     ever,  however  often  it  may  be  repeated;  and  therefore. 


nail  into  a  board  ;  when  it  is  hard  to  conceive  any  weight 
so  great  as  will  produce  a  like  effect,  i.e.  that  will  sink  the 
nail  as  far  into  the  board,  at  least  unless  it  is  left  to  act  for 
a  very  considerable  time:  and  even  after  the  greatest 
weight  has  been  laid  as  a  pressure  on  the  head  ,of  the  nail, 
and  has  sunk  it  as  far  as  it  can  as  to  sense*  by 
for  a  long  time  there  without  producing  any  fartbi 

aible  effect ;  let  the  weight  be  removed  from  the  head  of     circumstance  That  wi 
the  nail,  and  instead  of  it,  let  it  be  struck  a  small  blow     gruity  of  perci 
ivill  immediately  sink  farther       ''" 
Agai      '' 
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the  opposing  force  is  greaier'than  the  pressing 
force,  no  motion  can  ensue;  but  the  momentum  of  the 
moving  body,  or  the  percussion,  being  as  it  were  the  ac- 
cumulated sum  of  all  the  successive  efforts  of  the  pressing 
body,  there  is  a  sufficient  quantity  of  action,  first  lo  over- 
come the  opposing  force,  and  the  overplus  is  Chen  em- 
ployed in  the  generation  of  motion.    It  is  therefore  lo  this 
attribute  the  apparent  incon- 
•ssure,  atid  not  to  any  existing 
difference  in  the  nature  of  the  two  forces;  for  the  very 
same  cause  will  also  prevent  the  comparison  of  a  greater 
and  less  percussive  force.    For  example,  after  a  pilc-cngina 
has  been  employed  for  a  certnin  time  in  driving  a  pile, 
until  its  action  upon  it  is  very  trifling,  it  would  be  in  vain 
with  a  mallet,  to  endeavour  to  drive  the  pile  an 
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into  the  wood.     Again,  it  is  also  well  known, 
carpenter,  with  ablowof  his  mallet,  willdrive'a 
below  Ihe  greatest  ship,  lyit^  aground,  and  si 
her  weight,  and  lift  her  up.     Lastly,  let  us  consider  a  man 
with  a  club  to  strike  a  small  ball,  upwards  or  in  any  other 
direction  ;  it  is  evident  that  the  ball  will  acruire  a  certain 
determinate  velocity  by  the  blow,  suppose  that  of  1*  feet  per 
second,  or  minute,  or  any  other  time  whatcve 
a  law,  universally  allowed  in  the  communicatii 

thatwhen  different  bodies  are  struck  with  equal  forces,  the     each  blow  ceases  n 
velocities  communicated  are  reciprocally  as  the  weights  of     having  any  r 

the  bodies  that  arc  struck ;  that  is,  that  a  double  body,  or  number  of  times  that  they  are  repented ;  hut  if  the  ram 
weight,  wHl  acquire  half  the  velocity  from  an  equal  blow;  of  the  pile-engine  be  again  employed,  the  desired  effect 
a  body  10  times  a*  great,  one  lOth  of  the  velocity  ;  a  body  may  he  produced  ;  the  effect  of  this  last  then,  in  this  case, 
100  times  as  great,  the  lOOch  part  of  the  velocity ;  a  body  is  infinitely  greater  than  the  former,  yet  no  one  will  be 
a  million  times  as  great,  the  millionAi  part  of  the  velocity  ;  hold  enough  lo  assert  that  these  two  percussive  forces  are 
and  so  on  without  end  :  whence  it  follows,  that  there  is  no  absolutely  incomparable  on  this  account- 
body  or  weight,  how  great  soever,  but  will  acquire  some  Much  more  might  be  advanced  in  support  of  the  bypo- 
finite  degree  of  velocity,  and  be  overcome,  by  any  given  thesis,  that  preisure  and  percuisioii  are  not  incongruous 
Mnall  6nite  blow,  orpercustioo. 


,  because  hi 

talent  to  the  n 

the  pile,  and  consequently  it 

efforts  may 

.titb  it,  and  i 


t  produce  such  a  n 
isting  force  acting  against 
□nid  remain  in  its  place, 
for  the  effect  of 
:  of  these,  taken  singly, 
i  whatever  may  be  the 
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in  thnr  nature,  and  thtt  we  are  only  preTcnt^  from  com-  adhere  together,  uid  either  remain  at  rat,  op  else  move 

paring  rtiein,  or  their  effects,  by  certain  eircumstancet  that  together  m  one  mass  with  a  common  velocity ;  or  if  elastic, 

arise  in  the  application  of  the  two  forces  to  practical  pur-  they  will  separate  after  the  ibock  with  the  very  same  kIr- 

poseit.  ,tive  velocity  with  which  they  met  each  other.    The  for- 

The  nature  anil  la^s  of  percussion  have  been  investi-  mer  of  these  conaequeocet  is  evident,  vii,  that  DOnelastic 

gated  by  Aristotle,  Galileo,  Descartes,  Huygeiu,andothert.  bodies  keep  together  as  one  mass  after  they  meet;  beeaiue 

Aristutle  started  the  idea  that  percugsioD  and  weight  are  there  exists  no  power  to  separate  tliem  ;  and  without  a 

aot  comparable;  and  most  moderns  have  acquiesced  in  cause  there  can  be  no  effect.    Aad  the  latter  consequence 

that  opinion.  results  immediately  from  the  very  definition  and  essence 

-  It  appears  that  Descartes  had  some  ideas  of  the  laws  of  of  elasticity  itself,  being  a  power  always  equal  to  the  force 

percussion;  thi>ughitmufitbeacl[nowledged,insomecases  of  compression,  or  shock;   and  which  restoring  force 

perhaps  wide  of  the  truth.     The  fiist  who  gave  the  true  therefore,  acting  the  contrary  way,  will  generate  the  same 

laws  uf  motion  in  non-elastic  bodies,  was  Doctor  Wallis,  relative  velocity  between  the  bodies,  or  the  same  quantity 

in  tbe  Phitos,  Trans,  numb.  43,  where  he  also  shows  the  of  motion,  as  before  the  shock,'  and.  the  same  motion  also 

true  cause  of  reflections  in  other  bodies,  and  proves  that  of  their  common  ceutre  of  gravity, 

they  proceed  from  their  elasticity.     Not  long  after,  the  ^^ 

celebrated  sir  Christopher  Wren  and  Mr.  Huygens'  im-  jf      TW        |            ^                     B 
parted  to  the  Royal  Society  the  laws  that  are  observed  fay 

perfectly  elastic  bodies,  and  gave  exactly  the  same  con-  To  apply  now  the  general  principle  to  the  determJDatios 

fltrnction,  thougb  each  was  ignorant  of  what  the  other  had  of  the  motions  of  bodies  aftei;  their  shock  ;  let  b  and  b  be 

done.     And  all  those  laws,  thus  published  in  the  Philos.  any  two  bodies,  and  v  and  «  their  respective  velocities, 

Trans,  witfanut  demonstration,  were  afterwards  demon-  estimated  in  the  direction  ad;  which  quantities  v  and  « 

stinted  by  Dr.  Keill,  in  his  Philos.  Lect.  in  1700 ;  and  will  be  both  positive  if  the  bodies  both  move  towards  d, 

they   have  since  been  followed   by  a  number  of  other  but  one  of  them  as  v  will  be  negative  if  the  body  h  move 

authors.  towards  a,  and  e  will  be  19  0  if  the  body  b  be  at  rest. 

We  have  before  observed  that  in  percussion,  we  distin-  Hence  then  bt  is  the  momentum  of  b  towards  s,  and 

guish  at  least  three  several  kinds  of  bodies  ;  the  perfectly  bv  is  the  momeuturo  of  ft  towards  d,  whose  sum  is  bv  -«- 

bard,  the  perfectly  soft,  and  the  perfectly  elastic.    The  be,  which  is  the  whole  quantity  of  motion  in  the  direction 

two  former  are  considered  as  utterly  void  of  elasticity ;  *p,  and  which  momentum  must  also  be  preserved  after 

having  no  force  to  separate  them,  or  throw  them  off  from  tbe  impact. 

each  other  again,  after  collision ;  and  therefore  either  re-  Now  if  the  bodies  have  no  elasticity,  they  will  move 

maining  at  rest,  or  else  proceedii^  uniformly  forward  to-  together  as  one  mass  b  -h  b  after  they  meet,  with  some 

gether  as  one  body  or  moss  of  matter.     The  laws  of  per-  common  velocity,   which  call  y,  in  the  direction  ad  ; 

cuidon  therefore  to  be  considered,  are  of  two  kinds :  those  therefore  the  uwtmentum  in  that  direction  af^er  the  shock, 

for  elastic,  and  those  for  non-elastic  bodies.  beingthe  product  of  the  mass  and  vdocily,  will  be  (b  ■*■  b) 

The  oue  only  general  principle,  for  determining  the  mo-  x  y.    But  the  momenta,  in  the  same  direction,  before  and 
tions  of  bodies  from  percussion,  and  which  belongs  equally  after  the  impact,  are  equal,  that  is  bt  ■*■  bv  =  [h  -t-  b) y  i 
to  both  the  kinds  of  bodies,  i.  e.  both  the  elastic  and  non-  from  which  equation  any  onff  ef  the  quantities  may  be  de- 
elastic,  is  this :  vis,  that  there  exists  in  the  bodies  the  same  termined,  when  the  rest  are  given.   So,  if  we  would  find  ths    ' 
momentum,  or  fluantity  of  motion,  estimated  iu  any  one     . ...      r.     .l     ..    ■      .1     .n  >            sv  +  Ad 

J    .  J?     ^   ■'    L  .L  L  f  '     .L     .    L        J    p.        common  velocity  after  the  stroke.  It  will  be  »  =t , 

and  the  same  direction,  both  before  the  stroke  and  after  ^                         ^                  '         a  -t-  fr  ' 

ir.    And  this  jirinciple  is  the  immediate  result  of  the  third  equal  to  the  sum  of  the  momenta  divided  by  the  sum  of 

law  of  nature  or  motion,  that  reaction  is  equal  to  action,  the  bodies  ;  which  is  also  equal  to  the  velocity  of  tb« 

and  iaacontrarydirection;  whenceit  happens  thatwhat-  common  centre  of  gravity  of  the  twi?  bodies,  both  before 

ever  motion  is  communicated  to  one  body  by  tbe  action  of  and'  af^er  the  collision.   The  signs  of  the  terms,  in  this  value 

another,  exactly  the  same  motion  doth  this  latter  lose  in  ofj,  will  beall  positive,  as  observed  above,  when  the  bodies 

tbe  same  direction,  or  exactly  the  same  does  the  former  move  both  the  same  way  ad;  but  one  term  bv  must  be 

communicate  to  the  latter  in  the  contrary  direction.—  made  negative  when  the  motion  of  b  is  in  the  contrary  di- 

From  this  general  principle  too  it  results,  that  no  altera-  rection ;  and  that  term  will  be  absent  or  nothing,  when  b 

tion  takes  place  in  tbe  common  centre  of  gravity  of  bodies  is  at  rest,  before  the  shock. 

by  their  actions  on  one  another ;  but  that  the  said  com*  Again,  for  the  caae  of  elastic  bodies,  which  will  separate 

mon  centre  of  gravity  perseveres  in  the  same  stati>,  whether  after  the  stroke,  with  certain  velocities,  x  and  s,  vis,  x  the 

of  rest  or  of  uniform  motion,  both  before  and  after  the  velocity  of  b,  and  >  the>  velocity  of  b  afler  the  collision, 

shock  of  the  bodies.  both  estimated  in  tbe  direction  ad,  which  quantities  will 

Now,  ^om  either  of  these  two  laws,  vii,  that  of  the  prcL  be  either  positive,  or  negative,  or  nothing,  according  to 

seivatioa  of  the  same  quantity  of  motion,  in  one  and  the  the  circumstances  of  the  masses  s  and  b,  with  those  of 

same  direction,  and  that  of  the  preservation  of  the  same  their  celerities  before  the  stroke.     Hence  thai  Bx  and  bl 

state  of  the  centre  of  gravity,  both  before  and  after  the  are  the  separate  momenta  atler  the  shock,  and  bx  •+■  bt 

shock,  alt  the  circumstances  of  the  motions  of  both  the  their  sura,  which  must  be  equal  to  the  sum  bv  -(-  ir  in 

kinds  of  bodiea  after  collision  may  be  estimated  ;  in  con-  the  same  direction  before  the  stroke:  also  s  —  z  is  the 

junction  with  their  own  peculiar  and  separate  constitu-  relative  velocity  writh  which  the  bodies  separate  after  the 

tions,  namely,  that  of  tbe  one  sort  being  elastic,  and  the  blow,  and  which  must  be  equal  to  v  —  s>  the  same  with 

other  nonelastic.  which  they  meet ;  or,  which  is  the  same  thing,  that  v  -«-  x 

The  effects  of  these  different  constitutions,  here  alluded  =  v  -»-  s;  that  is,  the  sum  of  the  two  velocities  of  tbe  one 

to,  are  tbetc ;  that  nonelastic  bodies,  on  their  shock,  will  body,  is  equal  to  the  suAi  of  the  velocities  of  tbe  other, 

Z  a 
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talfpn  before  and  after  tbe  stroke ;  which  is  another  r^ 

roarkable  theorem.     Hence  then,  fur  determining  the  two 

unknown  <}UKDtiue!i  x  and  z,  tbere  are  these  two  equations, 

vif,  sv  -i-  be  ^  IX  ■*■  bt, 

the  resolution  of  which  equations  gives  those  two  veloci- 
ties, as  below, 

ahi  +  (■  —  t)* 

»]«.  X  1=  ■ . 


and  «  =  - 


From  these  general  values  of  the  relocilies,  which  are 
to  be  uuderstood  in  the  direction  as,  any  particular  cases 
may  easily  be  drawn.  As,  if  the  two  bodies  b  uod  6  be 
equal,  then  b  —  6  =  0,  and  n  -t-  b  =:  2b,  and  tbe  two 
Telocitied  in  that  case  become,  afler  impulse,  x  =  v,  and 
>  ^  V,  the  very  same  as  they  were  before,  but  change 
to  the  contrary  bodies,  i,  e.  the  bodies  have  taken  each 
other's  velocity  that  it  had  before,  and  with  the  same  sign 
alto.  So  that,  if  the  equal  bodies  were  before  bo tb  moving 
the  same  way,  or  towards  d,  they  will  do  the  same  after, 
but  with  interchanged  velocities.  But  if  they  before  moved     tbe  same  quantity 


contrary  ways,  B  towardt  a,  and  b  towards  a,  they  will  re- 
bound contrary  ways,  b  bock  towards  a,  and  b  toward)  i>, 
eacli  with  tbeotbcr's  velocity.  And,  lastly,  if  one  body, 
«s  b,  were  at  rest  before  tlia  stroke,  then  the  other  b  will 
be  at  rest  after  it,  and  b  will  go  on  with  the  motion  that 
B  had  before.  And  thus  may  any  other  particular  cases 
be  deduced  from  the  first  general  values  of  x  and  z. 

We  may  now  conclude  this  article  with  some  remarks 
on  these  motions,  and  tbe  mistakes  of  soi 
cerning  them.  And  first,  we  observe  this  si 
between  the  motions  that  hi 
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since  all  bodies  act  upon  one  another.  And  hence  also  it 
is  manifest,  that  the  common  centre  of  gravity  of  the  whole 
solar  system  must  always  presene  its  original  condition, 
whether  it  be  of  rest  or  of  uniform  motion  ;  since  the  slate 
of  that  centre  is  not  changed  by  the  tnuiuaWctions  of 
bodies  on  each  other,  any  more  than  their  quantity  of 
motion,  in  one  and  the  same  direction. 

What  may  have  led  authors  into  (he  mistake  above 
alluded  to,  which  they  bring  no  proof  of,  seems  to  be  the 
discovery  of  M.  Huygens,  that  the  sums  of  the  two  pro- 
ducts are  equal,  both  befori:  and  after  the  sho(:li,  that  are 
made  by  multiplying  each  body  by  the  square  of  its  ve- 
locity, vii,  that  Bv'  -t-  tp*  =  Bj"  ■+■  bi'j  where  t  and  o 
are  the  velocities  before  the  shock,  and  x  and  i  the  velo- 
cities aftel*  it.  Such  an  expression,  namely  the  product  of 
tbe  mass  by  the  square  of  the  velocity,  is  called  ibc  vis 
viva,  or  living  force ;  and  hctice  it  has  been  inferred  that 
(he  whole  vis  viva  before  the  shock,  or  bv'  ■*■  bs\  is 
equal  to  that  after  tbe  stroke,  or  Bx'  ~t-  bi' ;  which  is  in- 
deed very  true,  as  will  be  shown  presently.  But  when  they 
hence  inler,  that  therefore  the  forces  of  bodies  in  motion 
are  as  the  squares  of  the  velocities,  and  that  there  is  itot 
between  the  two  striking  l>o- 


,  bull)  before  and  after  the  shock,  they  are  grossly 
istakcn,  and  thereby  show  that  they  are  ignorant  of  the 
true  derivation  of  the  equation  by'  ^-  id'  =  ax"  +  6a% 
For  this  equation  is  only  a  consequence  of  the  very  prin- 
ciple above  laid  down,  and  which  is  not  acceded  lo  by 
those  autfaon,  viz,  that  the  quantity  of  motion  is  the  same 
before  and  after  the  sliock,  or  that  bv  +  bo  i=  tx  -t-  bt, 
e  truth  of  which  last  equation  they  dcoy,  because  ihey 
ne  authors  con-  think  the  former  one  is  true,  never  considering  that  ibey 
iriking  difference  may  be  both  trne,  and  much  less  that  the  one  is  a  conse- 
c  communicated  by  elastic  and  qucnce  of  the  other,  and  derived  frons  it ;  which  how- 
by  nonelastic  bodies,  viz,  thataoonelastic  bod.y,  by  slrik-  ever  is  now  found  to  be  the  case,  es  is  proved  in  this 
ing,  communicates  or  continues  exactly  its  whole momen-     manner  : 

turn  in  the  direction  of  its  motion  ;  as  is  evident.  But  the  It  has  been  shown  that  the  sum  of  tlie  two  momenta, 
strokeof anelasticbodymay.eiihercommunicateitswhole  in  the  same  direction,  before  and  after  tbe  stroke,  are 
motion  to  the  body  it  strikes,  or  it  may  communicate  only  equal,  or  that  bv  -t-  bv  =  bx  -t-  bx;  and  also  that  the 
a  part  of  it,  or  it  may  even  communicate  more  than  it  had,  sum  of  the  two  velocities  of  the  one  body,  is  equal  to  the 
so  to  speak..  For,  if  the  strikins  body  remain  at  rest  af^cr  sum  of  those  of  the  other,  or  that  -v  -»-  x  =  c  -f-  x;  and 
the  stroke,  it  has  just  lost  all  its  motion,  and  therefore  it  is  now  proposed  to  show  that  from  these  two  equations 
has  communicated  all  it  had ;  and  if  it  still  move  forward  there  results  the  third  eqtuition  bv*  h-  ^*  ^  bx"  +  bs% 
in  tbe  same  direction,  it  has  still  some  motion  left  in  that  or  the  equation  of  the  living  forces, 
direction,  and  therefore  has  only  communicated  a  part  of  Now  because  bv  -»-  h>  =  bx  -^  is,  by  transposition 
what  motion  it  had;  but  if  the  striking  body  rebound  it  is  -  •  bv  —  Bx=6s  —  ^d;  which  shows 
back,  aud  move  in  the  contrary  direction,  the  other  body  that  the  difference  between  the.  two  momenta  of  the  one 
has  received  not  only  the  whole  of  the  motion  that  ibe     body,  before  and  after  the  stroke,  is  equiil  to  the  ditfe- 


first  bad,  but  also 
in  the  contrary  di 

It  has  been  denied  by  some  authors,  and  in  the  Ency- 
clopedic, that  the  same  quantity  of  motion  remains  after 
the  shock,  as  before  it ;  and  hence  they  seize  an  opportu- 
nity to  reprehend  the  Cartesians'  for  making  that . 
which  ihey  do,  not  only  with  respect  to  the  ca 
bodies,  but  also  of  all  the  bodies  in  the  whole 
And  yet  nothing  is  more  true,  if  tbe  motion  be  considered 
as  estimated  always  in  one  and  the  seme  direcion,  ac- 
counting that  as  nenaiive,  which  is  in  the  contrary 


;h  more  as  tbe  first  has  acquired  rence  between  those  of  the  other  body ;  which  is  another 
important  theorem.  But  now,  to  derive  the  equation  of 
the  vis  viva,  set  down  tbe  two  foregoing  equations,  and 
multiply 'them  together,  so  shall  the  products  give  the 
said  equation  required  ;  thus. 

Mult.  BV  —  ux  :=  bi  —  bv,  the  equal,  of  the  momenta, 
by  T  -f-     I  =  s  -r-  n,  the  equat.  of  tbe  velocities, 

produc,  Bv'  —  BX*  =  b*'  —  bt^, 
'  or   BV*  •*■  to'  =  Bi'  -1-  bx', 
the  very  equation  of  the  vis  viva  required.     Se«-  Keill'a 
Lect.  Pfailos.  sect.  14,  theor.  29,  at  the  end.    And  fur  the 
general  law  of  nature,  that     geometrical  det<;rmi nations  after  impact,  see  the  article 
DO  motion,  nor  force,  can  be  generated,  nor  destroyed.     Collision. 
nor  changed,  but  by  some  cause  which  must  produce  an         When  the  elasticity  of  tbe  bodies  is  not  perfect,  but 
equal  quantity  in  tbe  opposite  direction.     And  this  being     only  partially  so,  as  is  the  case  with  all  the  bodies  we 
the  case  in  one  body,  or  two  badirs,  it  must  ncccssatily     know  of,  the  detcrminaticnt  of  the  motions  after  collision 
be  the  case  in  all  bodies,  and  in  the  whole  solar  system,     may  be  determined  in  a  similar  manner.  In  this  case  alto 
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ihe  lum  of  the  monieDtB  will  still  be  the  same,  both  be- 
fore aod  after  collision,  but  ibc  velocities  sfttr  will  be  less 
than  in  the  case  of  perfect  elasticity,  in  the  ratio  of  the 
im perfection.  Heuce,  with  the  same  notation  as  bcfote, 
the  two  equations  will  now  be  bv  -t-  6p  =  bj  -t-.by,  and 
y  —  D  =  —  (j)  —  t),  where  m  to  n  denotes  the  ratio  of 
perfect  to  imperfect  eldisticity.  And  the  resolution  of 
these  two  equations,  give  the  following- values  <if  x  andy, 

W+  B  b        /„   _   „\      p  _    _    J,    "*  +" 

f V  —  v),  for  the  velocities  of  the  two  bodies  after 

impact,  in  the  case  of  imperfect  elasticity;  which  would 
become  the  same  as  the  former  if  n  were  ^  <n. 

Hence,  if   the   two    bodies    a  and  b  be  equal,   then 

I  =  V  -  —^  (V  -  p),  and  y  =  v  +  ^^   (v   -  e), 

where  the  velocity  lost  by  b  is  just  equal  to  that  gained 
by  b.  And  if  in  this  case  b  was  at  rest  before  the  impact, 
viz  V  =  0,  then  the  resulting  motions  would  be 

■f  —  "L""  "  V,  and  y  =  *"  ^  "  v,  which  are  in  the  ratio  of 

am  ^  am       ' 

Also,  if  Nt=n,  or  the  bodies  perfectly  elastic,  then 
z  =:  0,  and^  =:  v;  that  is,  b  would  be  at  rest,  and  b  go 
on  with  the  first  motion  of  B. — Further,  in  this  case  also, 
the  velocity  of  B  before  the  impact,  is  to  that  of  b  after  it, 
as  V  to^^—  V,  or  as  2m  to  m  ■+■  u.  But  if  the  bodics.be 
now  supposed  to  vibrate  in  circles,  as  pendulums,  in 
which  ca»c  the  chords  (c  and  c)  of  the  arcs  described,  are 
known  to  be  proportional  to'  the  velocities;  then  it  will 
be  Sm  :  n  -i-  n  : :  c  :  c ;  hence  m  :  n  :  :  c  ;  2c  —  c.  So 
that,  by  measuring  these  chords,  of  the  arcs  thus  experi- 
mentally described,  the  ratio  of  m  to  n,  or  the  degree  of 
elasticity  in  the  bodies,  may  be  determined. 

Centre  of  Pekcussiov,  is  the  point  in  which  the  shock 
or  impulse  of  a  body  which  strikes  another  is  the  greatest 
that  it  can  be.  See  CeN'tre. — The  centre  of  percussion  , 
is  the  same  as  the  centre  of  oscillation,  when  the  striking 
body  moves  round  a  SseA  axis.  See  Oscillation.— But 
ifall  the  parts  of  the  striking  body  move  with  a  parallel 
motion,  and  with  the  same  velocity,  then  the  centra  of 
petcussion  is  the  same  as  the  centra  of  gravity. 

PERFECT  Number,  is  one  that  is  equal  to  the  sum 
of  all  its  aliquot  parts,  when  added  together.  Eucl.  lib.  7> 
def.  22.  As  the  number  6,  which  it  =  1  -<-  2  -t-  3, 
Ihe  sum  of  ell  its  ,aliquot  paru  ;  also  S8,  for 
28  =  1  -4-  2  +  4  -4-  7  -t~  14,  the  sum  of  all  its  aliquot  parts. 
—It  is  proved  by  Euclid,  in  the  last  prop,  of  book  tbef^th, 
that  if  the  common  geometrical  series  of  numbers  I,  2,  4, 
8,  l6,  32,  &c,  be  continued  to  such  a  number  of  terms,  as 
that  the  sum  of  the  said  series  of  terms  shall  be  a  prime 
number,  then  the  product  of  this  sum  by  the  last  term  of 
the  series  will  be  a  perfect  number.  The  same  rule  may 
be  otherwise  expressed  thus:  Ifn  denote  the  number  of 
terms  in  the  given  series  1,  2,  4,  8,  &c;  then  it  is  well  ' 
known  that  the  sum  of  all  the  terms  of  the  series  is  2'  —  1 , 
and  it  is  evident  that  the  last  term  is  S'~' :  consequently 
tlie  rule  becomes  thus,  vi*,  2'-' X  {2' —  1)  =  a  perfect 
number,  whenever  2"  ~  1  is  a  prime  number. 

Now  the  sums  of  one,  two,  three,  four,  &c,  terms  of  the 
series  I,  2,  4,  8,  &c,  form  the  series  1 ,  3,  7,  15,  31,  &c ; 
»o  that  the  number  will  be-  found  perfect  whenever  the 
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corresponding  term  of  this  series  is  a  prime,  at  1,3,  7,  31 
&c.  Whence  the  table  of  perfect  numbers  may  bo  foun  I 
and  exhibited  a^  follows;  where  the  Ist  column  show* 
the  number  of  terms,  or  the  value  ofn;  the  2d  column  is 
the  last  term  of  the  series  J,  2, 4,  ^,  &c,  and  is  expressed 
by  2'~';  ;Iie  3d  column  contains  the  currespunding  sums 
of  tiie  said  series,  or  the  values  of  the  quantity  2"  —  I ; 
which  numbers  in  this  3d  column  are  easily  constructed 
by  adding  always  the  last  number  in  this  column  to  the 
next  following  number  in  the  2d  column  :  and  lastly,  the 
4th  column  shows  the  correspondent  perfect  numbers,  or 
the  values  of  2°"'  x  (2"  —  I),  the  product  of  the  num- 
bers in  the  9d  and  3d  columns,  when  2"  —  1,  or  the  num- 
ber in  the  3d  column,  is  a  prime  number;  the  products  in 
the  other  cases  being  omitted,  as  not  perfect  numbers. 


Values 

Value. 

Values 

Perf.  Numbers, 

ofn 

of2-' 

of  2"  -  1 

orS-'x  (2»-l) 

I 

2 

1 

2 

1 
3 

I 
6 

3 

4 

7 

28 

4 

8 

15 

5 

16 

31 

496 

6 

32 

63 

7 

64 

127 

8128 

Hence  the  first  four  perfect  numbers  are  found  to  be  6, 
28,496,8128;  and  thus  the  table  might  be  continvied  to 
iind  others;  but  the  trouble  would  be  very  great,  for  want 
of  a  general  method  to  ilislinguis|j  which  numbers  ara 
primes,  as  the  case  requires.  Several  learned  malbemati- 
cians  have  endeavoured  to  faciUlate  this  business,  but 
hitherto  with  only  a  small  dtgrce  of  effect.  After  the 
foregoing  four  perfect  numbers,  there  is  a  long  interval  bo- 
fore  any  more  occur.  The  firet  eight  are  as  follow,  with 
the  factors  and  products  which  produce  them;  being  all 
the  primes  that  are  yet  known. 
The  Erst  perfect  niiDihtn.  Thtit  ntoci. 

6 =  (2»     -  1)  2 

28 =  (2^     -  1)  2' 

496 =  (2'     -  1)  2* 

8128  '  -  -  -•  -  =(2'  -1)2* 
33550336  -  -  .  -  =  (ju  _  i)  g" 
8589869056  -         -        -         =  (2"  -  ])  2'« 

137'138691328  -  -  -  =  (2's>  _  i)  2" 
3305843008139952128  r  =  (2"  -  I)  2'» 

See  several  considerable  tracts  on  the  subject  of  perfect 
numbers  in  the  Memoirs  of  the  Petersburg  Academy,  vol. 
2  of  the  new  vols,  and  in  several  other  volumes. 

PERIACI.    SeePERiffici. 

PERIG-^UM,  or  Perigee,  is  that  point  of  the  orbil 
of  the  sun  or  moon,  which  is  the  nearest  to  the  earth.  In 
which  sense  it  stands  opposi-d  to  apogee,  which  is  the  most  ' 
distant  point  from  the  earth. 

Pehigse,  in  the  Ancient  Astronomy,  denotes  a  point 
inaplauet'sorbit,  where  the  centre  of  its  epicycle  is  at  the 
least  distance  from  the  earth.    ' 

PERIHELION,  Peaihelivh,  that  point  in  the  orbit 
of  a  planet  or  comet  which  is  nearest  to  the  sun.  In 
which  sense  it  stands  opposed  to  aphelion,  or  apheliuu. 


,  v^oogle 


PER 
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vliich  ii  tlie  highMt  or  most  diitint  point  from  the  sun. 
Inalead  of  this  term,  the  ancients  used  perigeum ;  because 
ftey  plaoid  the  earth  in  the  centre. 

PERIMETKR,  in  Geometry,  the  ambit,  limit,  or  outer 
bounds  ofa  plane  6gun!  i  being  the  sum  of  ail  thi-  lines  by 
which  it  is  itkclmed  or  formed.  In  circular  figurv?^&c, 
instead  of  this  term,  the  word  circumference  or  periphery 

PERIOD,  in  Astronomy,  the  time  in  which  a  star  or 
planet  makes  one  revolution,  or  returns  again  to  the  same 
point  in  the  heavens.  The  sun's,  or  properly  the  earth's 
tropical  period,  is  365  days  5  hnura  48  minutes 4i  seconds 
30  thirds.  That  of  the  moon  is  27  days  7  hours  43 
minutes.  That  of  the  othet  planets  as  below. — There  is  a 
remarkable  harmony  between  the  distances  of  the  planets 
from  the  sun,  and  their  periods  round  him ;  the  great  law 
of  which  is,  that  the  squares  of  the  periodic  times  are  al- 
ways proportional  to  the  cubes  of  tbeir  mean  distances 
from  the  sun. 

The  periods,  both  tropical  and  sidereal,  with  the  pro- 
portions of  the  mean  distances  of  the  several  planets,  areas 


FUneti. 

TroplcJ  Perioa.. 

adcral  INnodi. 

'^• 

Mercury     -     - 

67* 23"  14 

87'  23''  Ifl* 

36710 

Venus    -    -     - 

224  16    42 

S24   l6    49 

72333 

Earth     -    -    - 

365     5    49 

365     6      9 

100000 

Mars      -    -    - 

686  22    18 

686  23    31 

152369 

Vesta     -    -     - 

235513 

Juno      -    -    - 

... 

'.     .      . 

266400 

Patla.    -    -    - 

1682 

376500 

Ceret     -    -    - 

1681 

.     . 

276700 

4330     8    58 

4332     8    51 

530110 

Sm- '-  - 

107+9     7    22 

t076l    14    37 

953800 

Uranus-     -    - 

30456     1    41 

-     -       - 

19O8I8O 

As  to  the  comets,  the  periods  of  very  few  of  them  are 
known.  There  is  one  however  of  between  75  and  76  yean, 
which  appeared  for  the  last  time  in  1759 ;  another  was 
supposed  to  have  its  period  of  129  years,  which  was  ex- 
pected to  appear  in  1789  or  1790,  but  it  did  not;  and 
the  comet  which  appeared  in  168O  it  is  thought  has  its 
period  of  575  years. 

Pekiod,  in  Chronology,  dcnolfs  an  epoch,  or  interval 
of  time,  by  which  the  years  are  reckoned  ;  or  a  series  of 
years  by  which  time  is  measured,  in  different  nations. 
Such  are  the  Calippic  and  Metonic  Periods,  two  different 
corrections  of  the  Greek  calendar,  the  Julian  Period,  in- 
vented by  Joseph  Scaliger ;  the  Victorian  Period,  Stc. 

Odippic  Period.     See  Calippic  Period. 

Cututamnopolittm  Pekiod,  is  that  used  by  the  Greeks, 
and  is  theiiame  as  the  Julian  PEaiOD,  which  see.  . 

COutidtdc  Pebiod.     See  Sards. 

Dionydan  Pkhiod.     See  Victorian  Period. 

mppaTchMif$  PznioD,  is  a  scries  or  cycle  of  304  solar 
years,  returning  in  a  constant  round,  and  restoring  the 
new  and  full  moons  to  the  same  day  of  the  solar  year;  as 
Hipparchus  thought. — This  period  arises  by  multiplying 
the  Calippic  period  by  4.  Hipparchus  assumed  the  quan- 
tity of  the  solar  year  to  be  365'  5*  55"  12* ;  and.  hence  he 
concluded,  tkat  in  304  yean  Calippus's  period  would  err 
«  whole  day.  He  therefore  multiplied  the  period  by  4, 
Mtd  from  the  product  cut  ansy  an  entire  day.    But  even 


this  does  not  restore  the  new  and  full  moons  to  the  tame- 
day  throu^out  the  whole  period:  they  are  sometimes  an- 
ticipated I'  8^  23»  29*  20  thirds. 

■Julian  Period,  so  called  as  t>eiiig  adapted  to  the  Julian 
year,  is  a  series  of  7980  Julian  years;  arising  from  the 
multiplications  of  the  cycles  ol'  the  sun,  moon,  and  indic- 
lion  together,  or  the  numbers  28,  19>  15;  commencing  on 
the  1st  day  of  January  in  the  76'Vlh  Julian  year  before  the 
creation,  and  therefore  is  not  yet  completed.  This  com- 
prehends all  other  cycles,  periods,  and  epochs,  with  the 
times  of  all  memorable  actions  and  histories ;  and  there- 
fore it  is  not  only  the  most  general,  but  the  most  useful  of 
all  periods  in  chronology. 

As  everyyear  of  ibe  Julian  periiid  has  its  pariiculariolar, 
lunar,  and  indiction  cycles,  and  no  two  years  in  it  can 
have  all  these  three  cycles  the  same,  every  year  of  this  . 
period  becomes  accurately  distinguished  from  another. — 
This  period  was  invented  by  Joseph  Scaliger,  as  contain- 
ing all  tbe  other  epochs,  to  facilitate  the  reduction  of  the 
years  of  one  given  epoch  to  those  of  another.  It  agrees^ 
with  the  Coustanlinopoliton  period,  used  by  the  Greeks, 
except  in  this,  that  the  cycles  of  tbe  sun,  moon,  and  indic- 
tion, arc  reckoned  differently;  and  that  the  first  year  of 
lheConttan{inopo1itan  period  dilfers  from  that  of  the  Julian 
period.  To  &nd  the  year  answering  to  any  given  year  of 
the  Julian  period,  and  vice  versa;  see  Epoch. 

Metonic  Pkriod.     See  Cycle  eifthe  Moon. 

VictOTiaat  Period,  an  interval  of  432  Julian  years ;  at 
the  end  of  which,  the  new  and  full  moons  return  again  on 
the  same  day  of  the  Julian  year,  according  to  ihc  upinion 
of  the  inventor  Victorinus.  or  Victorius,  who  lived  in  the' 
time  of  pope  Hilary.  Some  aiicribo  this  period  to  Diony- 
siui  £.\^uus,  and  hence  they  call  it  tbe  Dionysian  period : 
others  again  call  it  the  Great  Paschal  Cycle,  because  it  was 
invented  for  computing  the  time  of  Easter. 

The  Victorian  period'  is  produced  by  multiplying  die 
solar  cycle  28  by  the  lunar  cycle  19,  the  product  being 
532.  But  neither  does  tliis  restore  the  new  and  full  moons 
to  the  same  day  throughout  its  whole  duration,  by  l'  16^ 
58"  59*  40  thirds. 

Period,  in  Arithmetic,  is  a  distinction  made  by  a 
point,  or  a  comma,  after  every  6th  place, or  f^re;  and  ta 
used  in  numeration,  for  the  readier  distinguishing  and 
naming  the  several  figures  or  places,  which  are  thus  div 
tinguished  into  periods  of  six  figures  each.     See  Nuke- 

SATIOW. 

Period  is  also  used  in  arithmetic,  in  the  extraction 
of  roots,  to  point  off,  or  separate  the  figures  of  the  given 
number  into  periods,  or  parcels,  of  as  many  figures  each 
asareexpresKd  by  the  degree  of  the  root  to  he  extracted, 
vit,  of  two  places  each  for-ihe  square  root,  three  for  the 
cube  root,  and  so  on. 

PERIODIC,  or  Periodical,  appertaining  to  period, 
or  g<Mng  by  periods.  Thus,  the  periodical  motion  of  the 
moon,  is  that  of  her  monthly  period  or  course  about  the 
earth,  called  her  periodical  month,  containing  27  days  7 
hours  45  minutes. 

Periodical  JlfoittA.     SeeMoMTH. 

PERKECI,  orPERHECiANB,  in  Geography,  are  such 
as  live  in  opposite  points  of  the  same  parallel  of  latitude. 
Hence  they  have  the  same  seasons  at  the  same  lime,  with 
the  same  phenomena  of  the  heavenly  bodies ;  but  their 
times  of  the  day  are  opposite,  or  difier  by  IS  hours,  being 
noon  with  tbe  one  when  it  is  midnight  with  tbe  other. 

PERIPATETIC  Philoaoplif,  the  system  of  philosophy 
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taught  and  etUbliilitd  by  Aristotle,  and  maintained  by  hi>     &nt  prodact  divided  by  the  joint  product!  of  the  last 


lollowBTs,  the  Peripatetics.     See  Akibtotlk. 

PERIPATETICS,  ibe  -followen  of  Ariilotlc.  Though 
■oinc  derive  their  establishment  from  Plato  himself,  the 
inastcr  of  b!)th  Xenocrates  and  Aristotle. 
,  PERIPHERY,  in  Geometry,  is  the  circumference,  or 
bounding  line,  of  a  circle,  ellipse,  or  other  regular  curvi- 
tineaJ  ^urir.     Si-c  Circuufehemce,  and  Circlb. 

P£RISC1I,  or  Perisciavs,  those  inhabitants  of  the 
earth,  whose  shadows  do,  in  one  and  the  same  day,  turn 
quite  round  to  all  the  points  of  the  compaM, 
appearing. — Such  are  the  inhabitants  of  thi 
aunes,  or  who  live  within  the  ci 
antarctic  circles  ;  for  as  the  sun 

he  is  once  up,  but  moves  quite  round  about,  so  do  their 
shadows  a  bo. 

PERISTYLE,  in  the  ancient  Architecture,  a  place  or 
building  encompassed  with  a  row  of  columns  on  the  inside; 
by  which  it  is  distinguished  from  the  periptere,  where  the 
columns  are  disposed  on  the  outside. 

Peristyle  i»  also  uscdiby  modem  writers,  for  a  range 
of  columns,  either  within  or  without  a  building. 

PERITROCHIUM,  in  Mechanics,  is  a  wheel  or  circle, 
concentric  with  the  base  of  a  cylinder,  and  moveable  to- 
gether with  it,  about  an  axis.  The  axis,  with  the  wheel, 
and  levers  Axed  in  it  to  move  it,  make  that  mechanical 


the  answer.  Or  calling  n  the  whole  num- 
ber of  things  ;  r,  a,  t,  &c,  the  numbec  of  each  sort,  and  r 
the  number  of  permutations  required,  we  shall  have 


«  ti 
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But  if  in  this  last  problem,  instead  of  supposing  the 
permutations  to  take  place  amtmg  the  number  of  things 
taken  collectively,  it  was  required  to  find  the  number  of 
permutations  of  the  same  things,  taken  any  given  number 
of  things  at  a  time,  the  operation  is  more  tedious ;  and 
-  indeed  the  heit  rule  that  has  yet  been  given  for  it,  is  little 
mpass  of  the  arctic  and  better  than  mere  trial,  being  as  follows:— Find  all  the  dif- 
lever  selslo  them,  after  ferent  forms  of  combination  ofall  the  given  things,  taken  as 
many  at  a  time  as  in  the  question  j  then  find  the  number 
of  permutations  in  any  form,  and  multiply  it  by  the  num- 
ber of  combinations  in  that  form.  Do  the  same  for  every 
distinct  form,  and  the  sum  of  all  the  products  will  giv« 
the  whole  number  of  permutatioiw  required. 

But  when  only  the  number  of  combinations  are  re- 
quired as  in  the  following  question  :  To-  find  the  number' 
of  combinations  that  can  be  formed  out  of  a  given  number 
of  things,  in  which  there  are  m  things  of  one  sort,  n  things 
of  another  sort,  p  things  of  another  sort,  &c,  by  taken  1 
St  a  time,  3  at  a  time,  &c,  to  any  given  number  of  things 
at  a  time.  Then  we  have  a  very  simple  rule  which  was 
given  in  No.  103  of  Nicholson's  PhilosopbicalJournal;  as 
PERMUTATIONS  <i^an«ii(ie»,  in  Algebra,  denotes  follows, 
the  different  orders  in  which  any  quantities  may  be  ar-  Place  in  ahoiizonUlrow  m  +  1  uniu,  annexingciphers 
ranged ;  thus,  the  permutation  of  the  three  quantities,  on  the  right  hand,^  till  the  whole  number  of  units  and 
a,  b,  c,  taken  t^o  and  two  together,  are  six  ;  as,  ab,  ba,  ciphers  exceeds  the  greatest  number  of  things  to  be  taken 
ac,  ea,  be,  cb ;  being  ihus  distinguished  from  combinations,     at  a  time  by  unity. 

which  only  relate  to  the  different  collection  of  quantities  Under  each  of  these  terms  write  the  sum  of  tbeii-t-  1 
without  regard  to  their  order,  BO  that  the  combinations  of  left-hand  terms,  including  that  as  one  of  them,  under 
the  above  three  quantities  are  only  three,  as  ab,  ac,  be.  which  the  number  is  placed;  and  under  each  of  these 
Therefore,  having  found  the  number  of  combinations  of  writethesum  of  thep -t-  1  left-hand  terms  of  the  last  line: 
any  number  of  things,  we  must  thfn  find  the  number  of  and  under  each  of  these  last  the  9  -t-  1  left-hand  terms, 
permutations  that  any  one  combination  will  admit  of,  and  and  soon  through  all  the  number  of  different  things  ;tbeii 
the  product  of  the  two  will  be  the  number  of  permuta-  the  last  line  will  be  the  answer  :  that  is,  the  seFond  term 
tion.  Ur  the  number  of  permutation  (p)  of  any  number  shows  the  number  of  combinations  taken  1  at  a  time,  the 
(b)  of  things,  taken  any  number  (r)  iit  a  time,  may  be     third  term    the  number  of  combinations  taken  3  at  a 

"'     '  "  '  ' '"     "r  theorem,     time,  5(c. 
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r,  called  Axis  in  Peritraehio. 


obtained  from  the  following  general  formula, 
P  *  n  X  (»  -  1)    *    (1-2)    X    (n  -  3)    -  -  -  - 
(n  —  r  —  t),  while  the  numbers  of  combinations  (c) 
the  same  things,  taken  tfat  same  number  ot  a  time,  w 
be  represented  by  __ 

«     ,    f,  -  0    V    (n-o)    X    („-3)....fn-r-  I 


Geometry,  or  Normal.  One 
perpendicular  to  another,  when  the  former  mecta 
the  latter  so  as  to  make  the  angles  on  both  sides  of  itequal 
to  each  other.  And  those  angles  are  called  right  angles. 
And  hence,  to  be  perpendicular  to,  or  to  mabc  right- 
angles  with,  means  one  and  the  tame  thing.  So,  when 
the  angle  ABcis  equal  to  the  angle 
ABD,  the  line  a  a  is  said  to  he  pi 


From  the  foregoing  theorem  it  appears,  that  the  number 
of  permutations  or  changes  mat  can  ho  made  upon  any 
number  (n)  of  things  taken  together,  that  is, 
considering  them  as  taken  a  certain  number  at  a  time,  as 
the  number  of  changes  that  may  be  made  on  a  given  number 
of  bells,  &c,  will  be  expressed  by  the  continued  product 

»  X   (a  -  ])   X    (M  -  2)  X  (,.  -  3)  &c. (»- 

fi  -1-  1)  ;  and  thus,  the  number  of  changes  that  may  bo 
run"  on  12  bells  will  be  found  lo  be  expressed  by  the 
number  479001600.  ■-— r    r ,    -^  ,    .  ,, 

When  there  are  o  certain  number  of  things  of  one  sort,  drawn  in  the  plane  through  the  bottom  of  the  perpendi- 
and  a  certain  number  of  another,  &c,  to  find  the  number  cular.  And  one  plane  is  perpendicular  to  another,  when 
of  changes  that  can  be  made  out  of  them  all.  every  line  in  the  one  plane  which  is  perpendicular  to  the 

Take  the  series  1   x   2  x  3  x  4  &c,  up  to  the  number     line  of  their  common  section,  is  perpendicular  to  th« 
of  things  given.     Also  the  series  1x2x3  &c,  up  to     oth^r  ph 
the  number  of  things  given  of  the  first  sort,  and  the  same 
again  for  the  number  of  the  second  ion,  &9 ;  then  tb« 


vithou'l     die ular,  or  normal,  or  at  right  angles 
JO  the  line  CD. 

A  line  is  perpendicular  to  a  curve, 
when  it  is  perpendicular  to  the  tan- 
gent of  the  curve  at  the  point  of  con- 

A  line  is  perpendicular  to  a  plane, 
when  it  is  perpendicular  to  every  lint 


From  the  very  principle  and  notion  of  a  perpendicular, 
it  follows,  1.  That  the  perpendicularity  it  mutual,  that 
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if  the  first  A  B  is  perpendicular  to  the  second  cd,  then  relating  to  his  Dew  design  of  establishing  a  fleet,  making  hi> 

is  the  second  perpendicubr  to  the  Arst. — 2.  That  only  rivers  navi^^uble,  &c.     His  salary  in  this  service  was  to  be 

one  perpendicular  can  be  ilrawn  from  one  point  in  the  3001.  per  anauni,  besides  travelling  expenses  and  subgia- 

same  plane. — 3.  That  if  a  [lerpcndicular  be   continued  tence  money  on  whatever  service  lie  should  be  employed,' 

through  the  tin?  it  wits  drawn  perpendicular  tii ;  the  con-  with  a  further  reward  to  his  satisfdciiuu  at  the  conclusion 

tinuaiion  be  will  also  be  perpendicular  to  the  same. — 4.  of  any  work  he  should  &iish. 

Tliat  a  line  which  is  perpendicular  Co  another  line,  is  also        After  some  conversalion  with  the  czar  himself,  partl- 

perpendicular  to  all  the  parallels  of  the  other. — 5.  'Ihat  cularly  respecting  a  communication  between  the  rivers 

a  perpendicular  is  the  shortest  of  all   those  lines  which  Volga  and  Don,  he  was  employed  on  that  work  for  three 

can  be  drawn  from  the  same  point  Co  the  same  right  line,  summers  successively ;  but  not  being  well  supplied  wich 

Hence  the  distance  of  a  point  from  a  line  or  plane,  is  a  men,  parcly  on  account  of  the  ill  success  of  Peter's  arms 

line   drawn  fruiD    the  point    perpendicular  to   the  line  against  ihe  Swedes  at  the  batllo  of  Karvu,  and  pnrcly  by 

or  plane :  and  hence  also  the  njtitode  of  a  figure  is  a  per-  the  discouragement  of  the  governor  of  Ascracan,  he  was 

pcndicular  let  fail  from  the  verCex  to  che  base,  ordered  at  the  end  of  1707  to  stop,  and  next  year  was 

To  Erect  a  Perpendicular  from  a  given  puint  in  .i  line.  empEoyeii  jn  retitiing  ihe  ships  at  Verimisc,  and  in  I709 

— 1.  When  the  given  point  b  is  near  the  middle  of  the  line;  in  making  the  river  of  that  name  navigable.   But  after  re- 

wiih  any  interval  in  the  compasses  take  the  two  equal  pelted  disappointments,  and  fruitless  applications  for  his 

parts  Bc,  BD :  and  from  the  cwo  centres  c  and  D,  with  salary,  he  at  length  (quitted  the  kingdom,  under  the  pro- 

any  radius  greater  than  BC  or  bd,  sCrike  two  arcs  inter-  lection  of  Mr.  Whitwortli,  the  English  ambassador,  in 

;  then  draw  BFA,  which  will  be  the  perpendi-  ]7i2.     [See  his  Narrative  in  the  Preface  to  The  State    ' 


cular  required. 

3.  When  the  given  point  g  is  at  or  near  the  end  t 
line;  with  any  centre  i  and  radius  10  describe  a 
hgk  through  a  i  then  a  ruler  laid  by  11  and  i  will  ci 
arc  in  ibe  point  k,  through  which  the  perpendicnli 
must  be  drawn. 


To  let  fall  a  Perpendicular  upon  a  given  line 
given  point  v.     With  the  centre  n,  ai  ' 
us,  describe  an  arc  cutting  the  given  I 
these  two  centres,  and  any  other  convenient  radius,  strike    _.  ._  ._._  ^ 

0  other  arcs  intersecting  in  o,  the  point  through  which     rescued  Andromeda, 


p  must  be  dra 


Russia.) 

In  1721  he  was  employed  instopping  tl-.e  breach  at 
Daginham,  made  in  the  bank  of  ihe  river  Thames,  near 
the  village  of  that  name  in  Essex,  and  about  3  miles  below 
Woolwich,  in  which  he  happily  succeeded,  after  several 
other  persons  had  failed  in  that  undertaking.  lie  was  also 
employed,  the  same  year,  about  the  harbour  at  Dublin, 
and  published  at  that  time  an  Answer  to  ihc  objections 
made  against  it. — Bi.'sidcs  this  piece,  Captain  Perry  was 
author  of  The  Slate  of  Itussia,  1716,  Svii;  and  An  Ac- 
count of  the  Stopping  of  Dagenham  Ureaeb,  1731,  8vo.— 
He  died  Feb.  llth,  1733. 

PERSEUS,  a  constellation  of  the  norlhern  hemisphere, 

being  one  of  ihe.48  ancient  asterisms. — The  Creeks  fabkd 

that  this  is  Perseus,  whom  they  make  the  son  of  Jupiier 

by  Oanae.    The  father  of  that  lady  bail  been  told,  that  he 

should  be  killed  by  his  grandchild,  and  having  only  Danac 

Lii  from  a     to  take  care  of,  be  locked  her  up  j  but  Jupiter  found  his 

radi-     way  to  her  in  a  shower  of  gold,  and  Perseus  veriHed  the 

oracle.    He  cut  off  also  the  head  of  the  gorgon,  and  affixed 

■■  to  his  shield;  mid  after  many  other  great  exploits  he 

ighler  of  Cassiopeia, 


n  practice,  by  n 


the  perpendicular  n 

Perpendiculars 
cfa  square,  laying 
the  other  to  pass  through  the  gi 

Perpendicular,  in  Gotmery,  is  a  small  instrument 
used  for  finding  the  centre  line  of  a  piece,  in  the  operation 
of  pointing  it  to  a  given  object.    Sec  Poijiting  o/a  Gun. 

Perpetual  Motion.     Sec  Motion. 

Ci'rcfc  o/'Pbrpetual  Occullaiion  and  Apptffilion.  See 
Circle. 

Pebpetual,  or  Endless,  Screa.     See  Screw. 

PERPETUITY,  in  the  Doctrine  of  Annuities,  is  the 
number  of  years  in  which  the  simple  interest  of  any  prin- 
cipal sum  will  amount  to  the  same  as  the  principal  itself. 
Or  it  is  the  quotient  arising  by  dividing  100,  or  any  other 
principal,  by  its  interest  for  one  year.  Thus,  the  perpe- 
tuity, at  the  rate  of  5  per  cent,  interest,  is  -^f*  =  20 ;  at 
*  per  cent. -^  =  23  ;  &e. 

PERRY  (Captain  John),  was  a  celebrated  English    water,  where  they 
engineer.     After  acquiring  great  reputation  for  his  skill  in     hand,  till  they  co 

thi«  country,  he  resided  many  years  in  Russia,  having  against  the  end  n  of  the  fixed' trough' m,  by  which  they 
been  reComraeDded  to  the  czar  Peter  while  in  England,  as  are  overset,  and  so  empty  the  water  into  the  trough ; 
a  person  capable  of  serving  him  on  a  variety  of  occasions,    whence  it  is  to  be  conveyed  in  pipes  to  any  place  it  '  ° 


the  sea-nymphs,  in  revenge  for  that  lady's  boasting  of 
superior  beauty,  had  frtslened  to  arock  to  be  devoured  by 
a  monster.  Jupiter  his  father  in  honour  of  the  exploit, 
they  say,  afterwards  took  up  the  hero,  and  the  whole  fa- 
mily with  him,  into  the  skies. — The  number  of  siara  in 
this  constellation,  in  Ptolemy's  catalogue,  are  29  j  in 
Tycho's  'ig,  in  Hcvelius's  i6,  and  in  the  liiitannic  cata- 
logue 59. 

PERSIAN  WLal,  in  Mechanics,  a  machine  for  raising 
a  quantity  of  water,  to  serve  for  various  purposes.  Such  a 
wheel  is  represented  in  plate  25,  fig.  1 ;  with  which  water 
may  be  raised  by  means  of  a  stream  ab  turning  a  wheel  - 
CDE,  according  to  the  order  of  the  letters,  with  buckets 
a,a,a,o,  &c,hungup0Dthewhcelbystrongpins6,fc,t,i,&c, 
fixed  in  the  side  of  the  rim ;  which  must  be  made  as  high 
as  the  water  is  intended  to  be  raised  above  the  level  of  that 
part  of  the  stream  in  which  the  wheel  is  placed.  As  the 
wheel  turns,  the  buckets  on  theright  liandgodo"M  into  the 
,  and  return  up  full  on  the  left 
he  top  at  K  ;  where  ihiy  strike 
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'  tended  for:  uid  a*  each  bucket  geti  over  the  trough,  it  acquAinted ^with  its  importance  in  painting  and  atatuaiiy, 

falls  into  a  perpeDdicular  position  again,  and  lo  goes  down  And  the  Gre<k  painters,  who  were  employed  bj  the  Ve- 

empty  til)  it  comes  lo  the  water  at  a,  where  it  is  filled  as  netiani  and  FlorentiDeB,  in  the  13th  century,  it  sectu 

before.     On  each  bucket  is  a  spring  r,  which  going  over  brought  some  optical  knowledge  along  with  them  into 

the  top  or  crown  of  the  bar  m  (fixed  to  the  trough  h)  Italy :  for  the  disciples  of  Giotto  are  commended  for  oh- 


raises  the  bottom  of  the  bucket  above  the  level  of 
mouth,  and  so  causes  it  to  empty  all  its  water  into  the 
trough. 

Sometimes  this  wheel  is  made  to  raise  water  no  higher 
than  its  axis ;  and  then  instead  of  buckets  hung  upon  it, 
its  spokes  c,  d,  e,  f,  g,  h,  are  made  of  a  bent  form,  and 

hollow  within;    these  hollows  opening  into    tho   holes     1370,  wrote  largely  and  learnedly 
c,  D,  £,  F,  in  the  outside  of  the  wheel,  and  also  into  those  -  -      ■> 

at  o  in  tbe  box  k  upon  the  axis.  So  that,  as  the  holes 
c,  D,  ice,  dip  into  the  water,  it  nins  into  them ;  and  as 
the  wbeel  turns,  the  water  rises  in  the  hollow  spokes,  c,  d, 
&c,  aJid  runs  out  in  a  stream  p  from  the  holes  at  o,  and 
falls  into  tbe  trough  Q,  whence  it  is  conveyed  by  pipes. 

Persian,  or  Persic,  in  Architecture,  a  name  common 
to  all  statues  of  men;  serving  instead  of  columns  to  sup- 
port entablatures. 

Persian  Era  and  Vear.     See  Epoch  and  YsAa, 

PERSPECTIVE,  tbe  art  of  delineating  visible  objects 
on  a  plane  surface,  such  as  they  appear  at  a  given  distance, 
or  height,  on  a  transparent  pli  '       ' 

pendicular  to  the  horizon,  between  the  eye  and  tbe  object. 
This  is  particularly  called 

linear  Perspective,  as  regarding  the  position,  magni- 
tude, form,  &c,  of  the  several  lines,  or  contours  of  objects, 
and  e^presiing  their  diminution- 

^me  make  this  a  branch  of  Optics  ;  others  an  art  and 
science  derived  from  it:  its  operalions  however  are  all 
geometrical. 

Hittory  of  Perspective.    This  art  derives  its  origin '  are  drawn  all  lines  that  make'  an  angle  of  4&°  with  the 
from  painting,  and  particularly  from  that  branch  of  it     grourjd  line. 


serving  perspective  more  regularly  than  any  of  their  pre- 
decessors in  the  art  had  done;  and  be  lived  in  the  h^^ 
ning  of  tbe  14tb  century. 

The  Arabians  were  not  ignorant  of  this  science ;  as  maj 
be  presumed  from  the  optical  writings  of  Alhaiun,  about 
the  year  1100.  And  Vitellus,  a  Pule,  about  tbe  year 
optics.  And,  of 
our  own  nation,  friar  Bacon,  as  well  as  John  Peckham, 
archbishop  of  Canterbi^ry,  treated  this  subject  with  great 
accuracy,  considering  the  times  iu  which  they  lived. 

Tbe  first  authors  who  professedly  laid  down  rules  til 
perspective,  were  Bartoloineo  Dramanlioo,  of  Milan,  whose 
book,  Regole  di  Perspectiva,  e  Misur^  delle  Anticbita  di 
Lombardia,  is  dated  1440 ;  and  Fictro  del  Borgo,  likewise 
an  Italian,  who  was  tbe  most  ancient  author  met  with  by 
Ignatius  Danti,  and  who  it  is  supposed  died  in  1443.  This 
last  writer  supposed  objects  placed  beyond  a  transparent 
tablet,  and  so  to  trace  the  images,  which  rays  of  tight, 
emitted  from  them,  would  make  upon  it  Albert  Durer 
placed  commonly  per-  constructed  a  machine  on  the  principles  of  Borgo,  by 
' '  which  he  could  trace  the  perspective  appearance  of  oh> 

jects. 

-  Leon  Battista  Alberti,  in  1450,  wrote  his  treatise  De 
Pictura,  in  which  he  treats  chiefly  of  perspective. 

Balthazar  Penizsi,  of  Siena,  who  died  in  1536,  had  di* 
ligently  studied  the  writings  of  Borgo ;  and  his  mediod  of 
perspective  was  published  by  Serlio  iu  1540.  To  biro  it 
is  said  we  owe  the  discovery  of  points  of  distance,  to  which 


Guido  Ubaldi,  another  Italian,  soon  after  discovered, 
that  all  lines  that  are  parallel  to  one  another,  if  they  be 
inclined  to  the  ground  line,  converge  to  some  point  in  the 
horiiontal  line ;  and  that  through  this  point  also  will  pass 
a  line  drawn  from  the  eye  parallel  to  them.  His  Per$pec>' 
tive  was  printed  at  Pisaro  in  l600,  and  contained  the  first 
iples  of  the  method  afterwards  discovered  by  Dr. 


which  was  employed  in  the  decorationsofthe  theatre,  where 
landscapes  were  chiefly  introduced.  Vitruvius,  in  the 
'  proem  to  his  7th  book,  says  that  AgatharChus,  at  Athens, 
was  tbe  first  author  who  wrote  upon  this  subject,  on  occa- 
sion of  a  play  exhibited  by  jEschylus,  for  which  he  pre- 
pared a  tragic  scene;  and  that  afterwards  the  principles  of 
the  art  were  more  distinctly  taught  in  tbe  writings  of  De- 

pocritus  and  Ananagnras,  the  disciples  of  Agatharchus,  Brook  Tavlor. 

which  arc  not  now  extant.  In  15S3  wai  published  the  work  tf  Giacomo  Barozzi, 

The  perspecrtive  of  Euclid  and  of  Heliodorus  I^risseus  of  Vignola, entitled.  The  two  Rules  of  Penpec tive,  with  a 

contains  only  some  general  elements  of  optics,  that  are  by  learned  commentary  liy  Ignatius  Danti.     In  I6l5  Maro- 

no  means  adapted  to  any  particular  practice;  though  they  lois'  work  was  printed  at  the  FIaguc,and  engraved  and  pi)^ 

furnish  some  materials  that  might  be  of  service  even  in  the  lisbed  by  Hondius.     And  in  lo25,  Sirigatii  published  bis 

linear  perspective  of  painters.  trealiseof  perspective,  which  is  little  moie  than  an  abstract 

tienynus,  of  Rhodes,  a  celebrated  matheoiatician,  in  of  Vignola's. 

Cicero's  time,  also,  wrote  upon  this  science.     It  is  also  Since  that  time  the  art  of  perspective  has  been  gradu- 

cvident  that  the  Roman  artists  were  acquainted  with  tbe  ally  improved  by  subsequent geometriciansiparticulariy  by 

rules  of  perspective,  from  tbe  account  which  Pliny  (Nat  professor  Gravesande,  and  still  more  by  Dr.  Brook  Tay- 

Hist.  lib.  35,  cap.  4)  gives  of  tbe  representation  on  the  lor,  whose  principles  are  in  a  great  measure  new,  and  far 

scene  of  those  plays  given  by  Claudius  Pulcher ;  by  the  tnore  general  than  those  of  any  of  his  predecessors.     He 

appearance  of  which  thecEOws  were  so  deceived,  that  they  did  not  confine  his  rules,  as  they  had  done,  to  tbe  bori- 

endeavDured  to  settle  on  the  fictitious  roofs.     However,  zontat  plane  only,  but  made  ihem  general,  so  as  to  affect 

of  the  theory  of  this  art  among  the  ancients  we  know  no-  every  species  of  lines  and  planes,  whether  tbcy  v 


rallel  to  the  horizon  or  not ;  and  thus  his  principles  were 

made  universal.      Besides,   from   the.  simplicity  of  his 

rules,  the  tedious  progress  of  drawing  out  plans  and  ele- 

rations  for  any  object,  is  rendered  useless,  and  therefore 

to  believe  that  it  was  practised  much  later  in  the  east-     avoided;  for  by  this  itiethod,  not  only  the  fewest  lines 

ern  empire.  possible  are  required  to  produce  any  perspective  lepie- 

John  Tze<K8,)n  (he  12th  centui?,  speaks  of  it,  as  weli    sentation,  buteveryfigure  thus  drawn  will  bear  the  nicest 

Vol.  JI.   .  .  2  A 


thing;  as  none  of  their  writings  have  escaped  the  general 
wreck  of  ancient  literature  in  the  dark  ages  of  Europe, 
Doubtless  this  ait  must  have  been  lost,  when  painting 
and  sculpture  no  longer  existed.     However,  there  ' 
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matfaeitiBtical  exatniniltioD.     Further,  hii  syitem  is  th«  onwhichthespectstor,th«picture,  and  the  original  object 

only  one  calculated  for  amweriag  every  porpo»-  of  those  are  supposed  to  stand. 

-who  are  practitioiwn  in  the  art  of  design ;  for  b;  it  they  This  may  be  familiarly  iltustraled  in  the  following 
may  produce  either  the  whole,  or  only  so  much  of  an  oh-  manner;, Suppose  a  person  at  a  window  looks  through  an 
ject  as  it  iranted  ;  and  by  fixing  it  in  its  proper  place,  its  upright  pane  of  glass  at  any  object  beyond  ;  and,  keeping 
ftpparent  magnitude  may  be  determined  in  an  instant.  It  his  head  steady,  draws  the  6gure  of  the  object  upon  the 
explains  also  the  perspective  of  shadows,  the  reflection  of  glass,  with  a  black-lead  pencil,  as  if  the  point  of  ilie  pen- 
objects  from  polished  planes,  and  the  inverse  practice  of  cil  touched  ihe  object  itself;  he  would  then  have  a  Lme- 
perspective.  His  LJnear  Perspective  was  first  published  in  representation  of  the  object  in  perspective  ;  an  it  appeare 
1715;  and  his  New  Principles  of  iiinear  Perspective  in  to  bis  eye.  For  properly  drawing  on  the  glass,  it  is  ne- 
17I9,which  he  intended  as  anexplanationof  his  first trea-  cessary  to  lay  it  over  with  strong  gnm  water,  tyhich  will 
And  bis  method  has  been  chiefly  followed  by  all  be  fit  for  drawing  upon  when  dry,and  will  then  retain  the 


others 

In  1738L  Mr.  Hamilton  published  his  Stereography,  in 
2  vols  folio,  after  the  maoner  of  Dr.  Taylor.  But  the 
neatest  system  of  perspective,  both  as  to  theory  and  prac- 
tice, on  the  same  principles,  is  that  of  Mr,  Kirby.  There 
are  also  good  treatises  on  the  subject,  by  Desargues,  De- 
bosse,  Albertus,  Lamy,  Niccron,  Pozzo  the  Jesuit.  Ware, 
Cowley,  Priestley,  FergUson,  Emerson,  Mallon,  Henry 
Clarke,  &c,  &c. 

Of  iht  Principla  q/Teespectite.  To  give  an  idea 
of  the  first  principles  and  nature  of  this  art;  suppose  a 
transparent  plane,  as  of  glass,  &c,  ai  raised  perpendicu- 
larly an  a  horizontal  plane;  and  the  spectator  s  direct- 
ing his  eye  o  to  the  triangle  adc  :  if  now  we  conceive  the 
rays  ao,  bo,  co,  &c,  in  their  passage  through  the  plane, 
to  leave  their  traces  or  vestiges  in  a,  b,  c,  &c,  on  the 
plaite;  there  will  appear  the  triangle  abc; 


of  the  pencil.  The  person  should  also  look 
through  a  small  bole  in  a  thin  plate  of  raeial,  fixed  about 
a  foot  from  the  glass,  between  it  and  his  eye ;  keeping  his 
eye  close  to  the  hole,  othenvise  he  might  shift  the  po* 
sition  of  his  head,  and  so  make  a  false  OeliilcattOD  of  the 

Having  traced  out  the  figure  of  the  object,  he  may  go 
over  it  again,  with  pen  and  ink  ;  and  when  that  is  dry, 
CDVirr  it  with  a  sheet  of  paper,  tracing  the  image  upon  this 
with  a  pencil;  then  taking  away  the  paper,  and  laying  it 
upon  a  table,  he  may  fitiish  the  picture,  by  giving  it  the 
colours,  lights,  and  shades,  as  he  sees  them  in  the  object 
itself;  and  thus  he  will  have  a  true  resemblance  of  the  ob- 
ject on  the  paper. 

Of  certain  Definition*  in  Pbbspbctite. 

Tie  point  qfiigkt,  in  perspective,  is  the  point  e,  where 
the  spectator's  eye  should  be  placed  to  view  the  picture. 


strikes  the  eye  by  the  same  rays  00^^,  co,  by  which  the.  And  the  point  ^  tight,  in  the  picture,  called  al: 
reflected  particles  of  light  from  the  triangle  are  transmit-  tre  qf  the  picture,  it  flie  point  c  directly  opposite  to  the  eye, 
ted  to  the  same,  it  will  exhibit  the  true  appearsnce  of  the  where  a  perpendicular  from  the  eye  at  e  meets  the  pic- 
triangle  abc,  though  the  object  should  be  removed,  the  ture.  Also  this  perpendicular  EC  is  Iheefuhmceti/'Mepic- 
tame  distance  and  height  of  the  eye  being  preserved. 

The  business  of  perspective  then,  is  to  show,  by  what 
certain  rules  the  points  a,  b,  e,  &c,  may  be  found  geome- 
trically: and  hence  also  we  have  a  mecfianical  method  of 
delineating  any  object  very  accurately. 


h 


Hence  it  appeaA  that  ahe  is  tin  mctmn  of  the  jiaam'tJ 
the  picture  with  the  rays,  which  proceed  from  the  original 
obji;ct  to  the  eye:  and  therefore,  when  this  is  parallel  to 
the  picture,  its  representation  will  be  both  parallel  to  the 
origiifal,  and  similar  to  it,  though  smaller  in  proportion 
OS  the  I'riginal  object  is  fanher  from  the  picture.  When 
the  originul  object  is  brought  to  coincide  with  the  pic- 
ture, the  reprvsentation  is  equal  to  the  original ;  bui  as 
the  object  is  ri'moved  farther  and  farther  from  the  pic- 
ture, its  image  becomes  smaller  and  smaller,  and  also  rises 
higher  and  higher  in  the  picture,  tiJJ  at  last,  when  the  ob- 
ject is  supposed  to  be  at  a>i  infinite  distance,  its  image 
vanishes  in  an  imaginary  point,  exactly  as  high  above  the 
bottom  of  the  picture  as  the  eye  is  above  the  ground  plane, 


ture:  and  if  this  distance  be  transferred  tp  the  horiiontel 
line  on  each  side  of  the  point  c,  as  is  sometimes  done,  the 
extremes  are  called  the  points  of  distance. 

The  original  plane,  or  geometiical plane,  is  the  plane  kl 
upon  which  the  real  or  original  object  ABon  is  situated. 
The  line  01,  where  the  ground  plane  cuts  the  bottom  of 
the  picture,  is  called  the  teclion  of  (he  original  plane,  tha 
ground-line,  the  line  qf  the  bate,  or  the  fimdamenial  line. 
If  an  original  line  a  b  be  continued,  so  as  to  intersect  the 
picture,  the  point  of  intersection  n  is  called  the  inter- 
section of  that  original  line,  or  its  intersecting  point.  The 
lioiizaual plane  is  the  plane  abgd,  which  passes  through 
the  eye,  parallel  to  the  honEon,  and  cuts  the  perspective 
plane  or  picture  at  right  angles;  and  the  Aorixontal  line  bg 
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ii  the  common  interaction  of  tjie  horizoahd  plana  witk  original.    And  the  image  may  be  determined  by  transfer- 

the  picture,  ring  the  length  or  distance  of  the  giien  line  to  the  intersecf- 

The  vtrticai  pltme  is  that  which  pauei  through  the  eye  ing  line  ;  and  the  distance  of  the    vanishing  point  to  the 

at  right  angles  both  to  the  ground  pUne  and  to  the  picture,  horizontal  line ;  i.  e.  by  bringing  both  into  the  plane  of  the 

as  xcsN.     And  (he  vtrticai  Ime  is  the  common  section  of  picture, 
the  vertical  plane  and  the  picture,  as  CN.  Prob.  To  findlhere- 

,Tbe  line  of  iiaion  sn  ig  the  common  section  of  the  ver-  presauation  qf  an    9b- 

tical  plane  with  the  ground  plane,  and  perpendicular  to  jectivc  point   a. — Dmw 

the  ground  lioe  oi.  a1  and  a3  at  pleajnire. 

The  line  o/rAeAa^Aiq/'iAe  fye  is  a  perpendicular,  as  £8,  intersecting  the  bottom 

let  fall  from  the  eye  upon  the  ground  plane.  of  the  picture  in  I  and 

The  vaniMhii^  line  of  the  original  plane,  is  that  line  S;  and  from  the  eye  e 

where  a  plane  passing  through  the  eye,  parallel  to  the  draw  eh  parallel  to  aI, 

original  picture,  cuts  the  picture :  thusij  is  the  vanishing  and  el  parallel  to  a3; 

line  of  ABGo,  heingthegreatest  height  to  which  tbeimage  then  itraw  Hi  and  lS, 

can  rise,  when  the  original  object  is  inGnilcly  distant.  which  will  intersect  each 

The  vaniAjxg  point  of  the  original  line,  is  that  point  other    in  a,  the   repre- 

where  a  line  drawn  from  the  eye,  parallel  to  that  original  aentalion  of  the  point  A. 


Otherwise.     Let  b  be   the  given,  objective  point. 


.  intersects  the  picture :  thus  c  and  g  arc  the  vanishing 
points  of  the  lines  ab  and  ki.  All  lines  parallel  to  each 
oUier  ha/e  the  same  vanishing  point.  If  from  the  point 
,of  sight  a  line  be  drawn  perpendicular  to  any  vanishing 
line,  the  point  where  that  line  intersects  the  vanishing  line, 
is  called  the  centre  of  that  vanishing  line  :  andthei^iuwe 
qf  a  vamaking  line  is  the  length  of  the  line  which  is  drawn 
from  the  eye,  perpendicular  to  the  said  line. 

Mcaatring  poijitt  arc  points  from  which  any  lines  in  the 
perspective  plane  are  measured,  by  laying  a  ruler  from 
tbem  to  the  divisions  laid  down  upon  the  ground  line.  The 
measuring  point  of  all  lines  parallel  to  the  ground  line,  is 
either  of  the  points  of  distance  on  the  horizontul  liac,  or 
point  of  sight.  The  measuring  point  of  any  line  perpen- 
dicular toihegroundline,  isin  the  point  of  distance  .n  the  from  which  draw  hi  perpendicular  to  the  fundamental 
horizontal  line  ;  end  the  measuring  point  of  a  line  oblique  line  dE.  From  the  fundamental  line  de  cut  off  ik  =  ih  : 
to  the  ground  line  is  found  by  extending  the  compasses  through  the  point  of  sight  f  draw  a  horizontal  line  fp, 
from  the  vanishing  point  of  thai  line  to  the  point  of  di-  and  make  fp  equal  to  the  distance  of  the  eye  sk  :  lastly, 
'-     '  .....       .1     ■     ■      '  j^  jiand  PK,  and  thcirintersection  A  will  be  the  appear- 

ance of  the  pven  objective  point  h,  as  required.  And 
thus,  by  finding  the  representations  of  the  two  points,  which 
are  the  extremes  of  a  line,  and  connecting  thero  together, 
(here  will  be  formed  the  representation  of  the  line  itself. 
In  like  manner,  the  representations  of  all  the  lines  or  side* 
of  any  figure  or  solid,  determine  those  of  the  solid  itself; 
which  therefore  are  thus  put  into  perspective. 

Serial  PiiaspECTivE,  is  the  art  of  giving  a  due  diminu- 
tion or  gradation  to  the  strength  of  light,  shade,  and  co- 
lour of  objects,  according  to  their  ditferent  distances,  th« 
quantity  of  light  which  falls  upon  them,  and  the  mediuia 
through  which  they  are  saeii. 

Pekspective  Mackine,  is  a  machine  for  readily  and  ' 

easily  making  the  perspective  drawing  and  appearance  of 

any  object,  which  requires  little  or  no  skill  in  the  art. 

There  have  been  invented  various  machines  of  this  kind. 

*     the  works  of  Albert 

nventedby  Dr.Bevis, 

n  his  Perspective,  pa. 

Kirby's  Perspective, 


stance  on  the  perpendicular,  and  setting  off  on  the  bori- 
sontal  line. 

Some  general  Ufanm  or  IVor«ni*  tn  Pekbpectite. 


1  be  seen  i 


One  of  which  may 

1.  The  representation  ab,  of  a  line  ab,  is  part  of  a  line  Durer.  A  very  convenient  one 
BC,  which  passes  through  the  intersecting  points, and  the  and  is  described  by  Mr.  Fergus 
vanisbingpointCi  of  the  original  line  AB.  113.     A  ad  another  is  describe 

2.  Ifthe  original  planebc  parallel  tolfac  picture,  itcan  pa.  65. 

have  no  vanishing  line  upon  it ;  and  consequently  the  re-         Perspective  Flan,  or  Plane,  i*  a  glass  or  other  Irans- 

presentation  will  be  parallel.     When  the  original  is  per-  parent  surface  supposed  to  be  placed  between  the  eye  and 

pendicular  to  the  ground  line,  as  ab,  then  its  vMnishing  the  object,  and  usually  perpendicular  to  the  homon. 
point  is  inc.  the  centre  of  the  picture,  or  point  of  sight;         ScenoyrapAw  Perspective,     See  Scenooeaphy. 
because  EC  is  perpendicular  to  the  picture,  and  therefore         Peespective  q/"  SAadoow.     See  Shadow. 
parallel  to  a».>  Savior  Peespective,  is  that  which  represents  the  ob- 

3.  The  image  of  a  line  bean  a  certain  proportion  to  iu  jecu  id  cylindrical,  conical,  spherical,  or  other  mirron. 


y  Google 


PET  r  '»  ] 

PERTICA,  a  kiod  of  comet,  the  »ame  with  Veeo. 
PETARD,  a  military  engine,  somewhat  resembling 


to  the  gr&mtnar'Mhool  in  that  plaM,  where  at  15  he  be- 
master  of  the  Latin,  Greek,  and  French  language!. 


shape  a  hieh-crowned  hat ;  serving  formerly  to  break  down     '"'h  a"thmelic  and  those  parts  of  practical  geometry  and 
imt«,  barricades,  draw-bridge.,  or  the  like  works  intended     V'""?'"!'  ."**':?''"  n*^'??"""-    .Soon  after,  he  went  to 


sates,  barricades,  draw-bridges,  or  the  like  works  intended       ,         -    -  .       ,^        .    i:,  ,  ,    ,- 

to  be  surprised.     It  is  about  8  or  9  inches  wide,  and     *|;!^"L7™  l°l?"°iJl^™  "'""uLi  ""l^f"  *!."!f.'1? 

weighs. from  55  to 70  pounds.     Its  use  w^as  chiefly  jn.s        ""     -"•""•     "     —•  ™      —  -—    -  — --        — "•- 


clandestine  or  private  attack,  to  break  down  the  gati 
It  Lbs  also  been  used  in  countermines,, to  break  through 
the  enenics'  galleries,  and  give  vefit  to  their  mines :  but 
the  use  of  petards  is  now  discontinued. — Their  invention 
is  ascribed  to  theFreacb  Hugonotsin  the  year  1579-  The 
most  signul  exploit  performed  with  them  was  the  taking 
the  city  Cahors,  as  we  are  told  by  d'Aubigne, 

PBTIT  (Peteh),  a  considerable  mathematician  and 
philosopher  of  France,  was  born  at  Montlupon  in  the 
diocese  of  Bourges,  in  the  year  1589  according  to  some, 
but  in  l600  according  to  others. — He  fint  cultivated  the 
mathematics  and  philosophy  in  the  place  of  his  nativity  ; 
but  in  l6S3  he  repaired  to  Paris,  to  which  place  his  repu- 
tation bad  procured  htm  an  invitation.  "  Here  he  became 
highly  cel^rated  for  his  ingenious  writings,  and  for  his 
connections  witii  Pascal,  Descartes,  Mersenue,  and  the 
other  great  men  of  that  time.  He  was  employed  on  se- 
veral occaiioni  by  cardinal  Ricbelieu;  he  wag  commis* 
■ioned  by  this  minister  to  visit  tha  sea-ports,  with  the  title  ^^__ 
of  the  king's  engineer;  and  was  also  sent  into  Italy  on  the  ^]|j 
king's  business.  He  was  at  Tonra  in  \6iO,  where  he  mar- 
ried ;  and  was  afterwards  made  intendant  of  the  fortifica- 
tions. Baillet,  in  his  Life  of  Descartes,  says,  that  Petit  When'"  Henry  Ci 
liad  a  great  genius  for  mathematics  ;  that  be  excelled  par.     ifinndom      in    l555 


there  be  returned  to  England,  where  he  was  promoted  in 
the  king's  navy.  In  1643,  when  the  civil  war  began,  and 
the  times  became  tronblesome,  be  went  into  the  Nether- 
lands and"  France  for  three  years ;  and  having  vigoroiHly 
prosecuted  his  studies,  especially  in  physic,  at  Utrecht, 
Leyden,  Amsterdam,  and  Paris,  he  returned  home  to 
Rumsey.  In  J  647  he  obtained  a  patent  to  teach  ^e  art 
of  double  writing  for  17  years,  in  1648  he  published  at 
London,  "Advice  to  Mr.  Samuel  Hart  lib,  for  the  advance- 
ment of  some  particular  parts  of  learning."  At  this  time 
he  adhered  to  the  prevailingparty  of  the  nation;  and  went 
to  Oxford,  where  he  taught  anatomy  and  chemistry,  and 
was  created  a  doctor  of  physic,  and  rose  into  such  repute, 
that  the  philosophical  meetings,  which  preceded  and  laid 
the  foundation-  of  the  Rnyal  Society,  were  first  held  at  bis 
house.  In  l650hewas  made  professor  of  anatomy  there; 
and  soon  after  a  member  of  the  college  of  physicians  in 
London,  as  also  professor  of  music  at  Gresh  am -college, 
London,  In  l652  he  was  appointed  physician  to  the  army 
in  Ireland ;  as  also  to  three  lord  lieutenants  successively, 
Lambert,  Fleetwood,  and  Henry  Cromwell,  After  there- 
Ireland,  he  was  appointed  one  of  the 
commissioners  for  dividing  the  forfeited  lends  to  the  army 
ippressed  it ;  where  he  acquired  a  great  fortune* 
"  ill    became    lieutenant    of    that 


.         _._  ,.,-1  ■      r  ■  a >    —    --"-.     —    -ppoioted    Dr-  Petty    hi*   »e- 

Vcularly  in  astronomy  ;  and  had  asingular  passion  for  ex-  ^retary,  and  clerk  of  the  council :  he  likewise  procured 

periraenul  philosophy.     About  l637  he  returned  to  Pans  j^j^  t^,  |,e  elected  a  burgess  for  Wi'stloo  in  Cornwall,  in 

from  Italy,  when  the  Dioptrics  of  Descartes  were  much  Rjdiard  Cromwell's  parliament,  which  met  in  January 

spoken  of.     He  read  them,  and  coramuricaied  his  objec-  igsg,  Bu,^i„  Mg^ch  following.  Sir  Hierom  Sankey,  mem- 

bons  to  Mersennc,  with  whom  he  was  intimately  acquaint-  1,^,  for  Woodstock  in  Oxfordshire,  impeached  him  of  high 

ed-     And  yet  be  soon  after  embraced  the  pnnciples  of  (.^imes  and  misdemeanora  in  the  execution  of  his  office, 

Descartes,  becoming  not  only  his  fnend,  but  his  partisan  Thj,  g,,(,  ,1,^  j^ctor  a  gn-at  deal  of  trouble,  as  he  was 


and  defender  also.     He  was  intimately  connected   with 

Pascal,  with  whom  he  made  at  Rouen  the  same  experiments 

concerning  the  vacuum,  which  Torriceiti  had  bel'ore  made 

in  Italy;  and  was  assured  of  their  truth  by  frequent  repe-      m^^..^.^,  ,„  ,u^u>.  „,„ 

titions.     This  was  in  l646  and  l647  ;  and  though  there     hu'd^sm'iwionTrom'h 

appears  to  be  a  long  interval  from  this  dale  to  the  tiir"  "' 

his  death,  we  meet  with  no  other  memoirs  of  his  life. 

died  August  the  '^Oth  lS67,  at  Lagny,  near  Paris,  whither 

he  had  retired  for  some  time  before  his  decease. 

Petit  was  the  author  of  several  works  on  physical  aad 
astronomical  subjects  ;  the  cMef  of  which  are, 

I.  Chronological  Discoaree.  &c,  1636, 4to.  In  dqfenc 
of  Scaliger. — 2.  Treatise  on  the  Proportional  Compasses. 
— 3.  On  the  Weight  and  Magnitude  of  Metals.-— 4.  Con- 
itruction  and  Use  of  the  Artillery  Calipers. — 5.  On  S  va- 
cuum.— 6.  On  Eclipses. — 7.  On  Remedies  against  the 
Inundations  of  the  Seine  at  Paris. — 8.  On  the  Junction 
cfthe  Ocean  with  the  Mediterranean  Sea,  by  means  of  the  ■  tinuedaa'a 
rivers  Aude  and  Garonne. — y.  On  Comets. — 10.  On  the     j^  iggg, 

proper  day  for  celebrating  Easter.— 1 1 .  On  the  Nature  of        ^i^yt  ,},is  time  he  invented  his  double-bottomed  ship, 
Heat  and  Cold,  Sec.  to  5^1  against  wind  and  tide,  and  afterwards  presented  a 

PETTY  (Sir  Wuliaii),  a  singular  instance  of  a  uni-  model  of  the  vessel  to  the  Royal  Society ;  to  whom  also, 
versal  genius,  was  the  elder  son  of  Anthony  Petty,  a  in  l665,hecommunicated  "  A  Discourseabout  theBwild- 
clothier  at  Rumscy  in  Hampshire,  where  he  was  born  May  itig  of  Ships,"  containing  some  curious  secrets  in  that  art. 
the  19th,  1633.  While  a  boy  he  took  great  delight  in  But,  upon  trial,  finding  his  ship  fuled  ia  some  respects, 
spending  his  time  among  the  artificers  there,  whose  trades  he  at  jengili  gave  up  that  project, 
ke  could  work,  at  when  but  12  years  of  age.    H«  then  went        la  1666  sir  William  drew  up  a  tre«tise,  called  Verbuis 


summoned  before  the  house  of  commons;  and  notwith- 
standing the  strenuous  endeavours  of  his  friends,  in  their 
■  of  him  to  secretary  Thurloe,  and  the 
defence  he  made  before  the  house,  his  enemies  procured 
I  public  employments,  in  l659> 
He  then  retired  to  Ireland,  till  the  restoration  of  king  1 
Charles  the  Second ;  soon  after  which  he  catpe  into  Eng- 
land, where  he  was  very  graciously  received  by  the  king, 
resigned  his  professorship  at  Grcsham-co liege,  and  was  ap-  ■ 
pointed  one  of  the  commissioners  of  the  Court  of  Claims. 
Likewise,  April  the  I  lih,  I661,  he  received  the  honour  of 
nighthood,  and  tlic  gram  of  a  new  patent,  constituting 
him  surveyor-general  of  Ireland,  and  was  there  chosen  a 
member  of  parliament. 

On  the  incorporating  of  the  Royal  Society,  he  was  one 
of  the  Gnt  members,  and  of  its  first  council.    And  though 
'  e  had  left  off  the  practice  of  physic,  his  name  was  con- 
n  honorary  member  of  the  college  of  physicians 
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Sapienti.  ctwtaining  an  BCCOODt  of  tbe  v»l{h  «nd  ex-     things  in  Inland,  &c;  lS6o,  8vo. — i.  ATreatiA  ofTaxfs 
penMS  of  EngUnd,  and  the  method  of  raising  taxes  in  the     and  Contribution,  tic;  1662,  i667,  l6SS,  4[o,  all 


most  equal  manner. — The  game  year,  1666,  he  suffered  a 
considerable  tou  by  tbe  fireof  London.— The  year  follow- 
ing he  married  Elizabeth,  daughter  of  sir  Hardresse  Wal- 
ler; and  afterwards  set  up  iron-workt  and  pi  I  chard -fishing, 
opened  lead  mines  and  a  timber  trade  in  Kerry,  which 
turned  to  very  good  account.  But  all  these  concerns  did 
not  hinder  him  from  the  pursuit  of  both  political  and  phi- 
losophical speculations,  which  be  thought  of  public  utility, 
publishing  them  cither  separately  or  by  communication  to 
the  Royal  Society,  particularly  on  finances,  taxes,  poli- 
tical arithmetic,  land  carriage,  guns,  pumps,  &c. 

At  the  first  meeting  of  the  Philosfiphical  Society  at 
Dublin,  on  the  plan  of  that  at  London,  every  thing  was 
submitted  to  his  direction :  and  when  it  was  formed  into 
a  regular  society,  lie  nai  chosen  president  in  Nov.  t684. 
On  this  occasion  he  drew  up  j  "'  ~ 
gar,  cheap,  and  simple  ExpeHi 


out  the  author's  name.  This  last  was  re-published  in 
1690,  with  two  other  anonymous  pieces,  "  The  Privileges 
and  Practice  of  Parliaments,"  and  "  The  Politician  Dis- 
covered ;"  with  a. new  title-page,  where  it  is  said  they 
were  mil  written  by  sir  William,  which,  as  to  tbe  first,  is  m 
mistake. — 5.  Apparatus  to  the  History  of  the  Common 
Practice  of  Dyeing;"  printed  in  Sprat's  History  ofihft 
Royal  Society,  1667,  4to.— 6.  A  Discourse  concerning 
tbe  Use  of  Duplicate  Proportion,  together  with  a  New 
Hypothesis  of  Springing  or  Elastic  Motions;  167*,  ISmo. 
— 7.  Colloquium  Davidis  cum  Anima  sua,  See  j  1675, 
folio.— 8.  The  Politician  Discovered,  &c ;  \6Bl,  4to, — 
9.  An  Essay  in  Political  Arithmetic;  l683,  8vo. — 10.  Ob- 
servations upon  the  Dublin  Bills  of  Mortality  in  I68I, 
fitc ;  1683,  8vo, — ^1 1.  An  Account  of  some  ^cperimenU 
Catalogue  of  mean,  vul-  relating  to  I^nd-carriage,  Philos.  Traiu.  No.  161,— 
."properfortbeinfant     12.  Some  Queries  for  examining  Mineral  Waters,  ibid. 


;  of  the  society,  and  presented  it  to  them  ;  as  be  did  No.  166. — 13.  ACatalogue  of  Mean,  Vulgar,  Cheep,  and 
also  bis  Supellcx  Philosophica,  consisting  of  45  instru-  Simple  Experiments,  &c;  ibid.  No.  I67.— 14.  Maps  of 
ments  requisite  to  carry  on  the  design  of  tbeir  institution.  Ireland,  being  an  Actual  Survey  of  tbe  whole  Kingdom, 
In  l6S5  be  made  bis  will;  in  which  he  declares,  that  being  Sec  ;  l665,  folio. — 15.  An  Essay  concerning  the  Multi- 
then  about  60,  his  views  were  fixed  upon  improving  bit  plication  of  Mankind  ;  I686,  8vo. — 16.  A  further  AtHi>  ' 
lands  in  Ireland,  and  to  promote  the  trade  of  iron,  lead,  tion  concerning  the  magnitude  of  London,  vindicating  it, 
marble,  fisb,  and  timber,  which  hisesUte  was  capable  of.  &c  ;  Philos,  Trans.  No.  185. — I?'  Two  Essays  in  Politi- 
And  as  for  studies  and  experiments,  "  I  think  now,"  says  cal  Arithmetic ;  l687,  8vo. — 18,  Five  Essays  in  Political 
be,  "  to  canine  thesame  tolheanatomy  of  the  people,  and  Aritbmeiic  ;  1687,  8vo. — 19,  Observations  upon  London 
political  arithroetic  ;  as  also  tbe  improvement  of  ships,  and  Rome ;  l687i  6vo. 

land -carriages,  guns,  and  pump!>,  as  of  most  use  to  man-  His  posthumous  pieces  are,  (1)  Political  Arithmetic ; 

kind,  not  blaming  the  study  of  other  men."    But  a  few  l6cH),    8vo.  and'  I75j,  with  his  life  prcfised._(3)  Tha 

years  after,  all  his  pursuits  were  stopped  by  the  dkcU  of  Political  Anatomy  of  Ireland,    with   Verfaum  Sapienti, 

a  gangrene  in  bis  foot,  (Jccasioned  by  the  swelling  of  the  169I.   1719. — (3)  A  Treatise  of  Naval  Philosophy ;  I69I, 

gout,  which  put  a  period  to  his  life,  it  bis  house,  in  Pic*  ISmn. — C*)   What  a  complete  Treatise    of  Navigation 

cadilly,  Westminster,  Dec.  16,  1 687,  in  the  65tb  year  of  should    contain;    Hiilos.  Trans.  No.  19«.— (5)  A  Dis- 

bis  age-     His  corpse  was  carried  to  Rumsey,  and  there  course  of  making  Ciaih  with  Sheep's  Wool ;  in  Birch's 

interred,  near  those  of  his  parents.  Hist,  of  the  Roy.  Soc. — (6)  Supellex  Philosophica ;  ibid. 

SirWilliain  Petty  died  possessedofa  very  largefurtune,  PHANTASMAGORIA,    a   new    optical    instrument, 

as  appears  by  his  will ;  where  hc'makes  his  real   estate  <  '  '  •                       '                    ~    .    . 
about  6,500f.  per  annum,  his  personal  estate  alto ut  45,000/. 
his  bad  and  desperate  debts  30,000/.  and  the  demonstrable 
improvements  of  his  Iri»h  estate.  400M.  per  annum ;  in  all, 

at  6  per  cent,  interest,  l5,0OOl.  per  annum.     This  estate  tbe  spectators,  and  no  li, 

came  to  his  family,  which  consisted  of  his  widow  and  three  that  in  which  the  images 

children,  Charles,  Henry,  and  Anne :  of  whom  Charles  effect  very  singular  j  and  this  is  still  farther  strengthened 

IS  created  baron  of  Sbt  Ibournc,  in  the  coanty  of  Water-  by  the  operator  increasing  or  diminishing  the  size  of  the 


which  has  within  a  few  years  ^i>rded  i 

ment  by  exhibiting,  in  theatres  and  other  places  of  amose- 

meat,  the  representation  of  spectres  and  other  figures  on 

transparent  screen  placed  between  the  instrument  and 

"  '  t  bein;  suffered  to  appear,  but 

iveloped,  which  renders  th« 


ford  ill  Ireland,  by  king  William  the  Third  ;  butdyio^ 
without  issue,  was  succeeded  by  his  younger  brother 
Henry,  who  was  created  viscount  Dunkeron,  in  tbe  county 
of  Kerry,  andearlofShelbouriMFeb.il,  1718>  He  mar- 
fled  the  lady  Arabella  Boyle,  sister  of  Ch arias  earl  of  Cort, 
who  brought  him  several  children.     He,  was  member  of 


shadows  at  pleasure,  by  which  the  spectators,  under  the 
'1  optical  illusion,  fancy  that  the  figures  are 
approaching  oc  receding  from  them. 

The  first  exhibition  of  this  kind,  (at  least  of  late  yearsj 
>ras  made  by  one  Philidor  at  Vienna  in  1790i  and  which 
•as  afterwards  repeated  by  him  at  Paris  in  1792  wjth  very 
uarliameul  for  Great  Marlow  in  Buckinghamshire,  and  a  greatsuccess.  And  a  similar  spectacle  was  opened  in  that 
fellow  of  the  Royal  Society:  be  died  April  17,  1751.  metropolis  by  M.  Robertson  inl798;  since  which  time 
Anne  was  marned  to  Tboraas  Fitcmorris,  baron  of  Kerry  they  have  become  very  common  in  all  the  countries  of 
and  Lixnaw,  and  died  in  Ireland  in  1737.  Europe.     It  seems  however  that  something  of  a  simitar 

The  variety  of  pursuits,  in  which  Sir  William  Petty  was  kind  was  exhibited  so  far  back  as  the  17th  ceutury>  being 
engaged,  shows  him  to  have  had  a  genius  capable  of  any  roenlioued  by  Patrn,  in  his  "Relations  Historiques,"  pub- 
thing  to  which  he  chose  to  apply  it :  and  it  is  very  extra-  lished  at  Amsterdam  in  1 695,  though  tbe  instrument  itself 
ordinary,  that  a  man  of  so  active  and  busy  a  spirit  could     is  not  there  described. 

find  time  to  write  so  many  things,  as  it  appears  be  did,  by         Tbe  phantasmagoria  [does  not  differ  much  in  its  coi^ 
tbe  following  catalogue.  etruction  from  the  magic  lantern  ;  indeed,  it  is  row  so 

1.  Advice  to  Mr.  S.  Hartlih&c;  l648,4to. — S.  A  Brief  constructed  that  it  answers  either  purpose,  the  principal 
of  Proceedings  betweensirHieromSankey  and  tbe  author  difference  being,  that  in  the  phantasmagoria,  the  glass 
Ac;  bS59,  folio. — 3>  fiedections  upon  some  penous  luid    iliden  on  which  the  figures  aie  paiuted,  ar«  rendered  per- 
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fectlr  opake,  except  in  the  Ggurei  tbemielTH,  by  which  PHENOMENON,  or  Prjenomih'ov,  m  tppwrance 
mcBM  all  light  is  excluded  except  that  in  which  the  images  in  physics,  an  extraordinary  appearance  in  the  .hcavenj, 
■re  invoiTed,  and  also  the  ipeciators  are  placed  on  ihe  or  on  earth  ;  either  discovered  by  oJuervatiou  of  the  co- 
contrary  side  of- the  screen,  which  is  made  of  some  trans-  lenial  bodies,  or  by  physical  ex  peri  men  la,  thecauseof 
parent  ibin  subatance,  as  muslin,  or  such  lijce,  that  the  which  is  not  obvious.  Such  are  meteors,  comets,  un- 
fignres  may  be  seen  through  it :  and  the  instrument  i»lixed  common  appearance  of  stars  and  planets,  earthquakes,  &c. 
on  rollers  or  wheals,  by  which  the  operator  can  move  h  Such  ajso  are  ibe  elTecti  of  the  magnet,  phosphorus.  Sec, 
nearer  to  or  farther  from  the  screen,  and  thus^ve  to  the  PHILOLAUS,  of  Crolona,  wai  a  celebrated  philoso- 
figurra  ahy'  size  at  pleasure  :  there  are  also  other  contri-  ^her  among  the  ancients.  He  was  of  the  school  of  Pyiha- 
vances  for  giving  the  figurts  or  any  parts  of  them  motion,  M  goras,  to  whom  that  philosopbet'sGolden  Verses  have  been 
the  arms,  legs,  eyes,  &c,  which  have  a  very  singular  effect,  ascribed.     He  matte  the  heavens  bis  chief  object  of  con- 

The  greatest  imperfection  of  this  instrument  is,  that  as  templation  ;  and  has  been  said  to  be  the  author  of  that 

l))e  figures  becomn  imalterj  which  gives  them  the  appear-  true  system  of  the  world  which  Copernicus  afterwards  re- 

knceof^ng  at  a  greater  distance,  they  become  brighter,  vived  ;  but  erroneously,  because  there  is  undoubted  evi- 

which  ircontrary  to  the  natural  order  of  things,  as  distance  dence  tljat  Pythagoras  learned  tbatsj-siem  in  Egjpt.    On 

always  decreases  both  the  apparent  magnitude  and  dis-  that  erroneous  supposition  however  it  was,  that  Bulliald 

tinctnets  of  objects.     I'his  defect  however  may  be  con-  placed  the  name  of  Philolaus  at  the  head  of  two  works, 

liderably  lessened  by  the  following  construction,  which  is  written  to  illustrate  and  confirm  that  system. 
suggested  by  Dr.  Young  in  his  Lectures  on  Natural  Phi-         "  He  was  (says  Dr.  Enfield,  in  his  History  of  Pbilo- 

losophy.  ,  -  lophy)  a  disciple  of  Archyias,  and  flourished  in  the  time 

The  light  ofthelamp  A(fig.l.plate29)iathrownhythe  of  Plato.     It  was  from  him  that  Plato  purchased  the 

mirror  s,  and  the  lenses  c  .and  d,  on  the  painted  slider  at  written  records  of  the  Pythagorean  system,  contrary  to  an 

M,  and  the  magnifier  i  forms  the  image  on  the  screen  at  c.  express  oath  taken  by  the  society  of  Pythagoreans,  pledging 

ITiis  lens  is  fixed  to  a  slider,  which  may  be  drawn  out  of  themselves  to  keep  secret  the  mysteries  of  their  sect,     it 

the  principal  support,  ot  box  ii  :  and  when  the  box  is  is  probable  that  among  these  books  were  the  writings  of 

drawn  back  ou  its  wheels,  the  rod  ik  lowers  the  point  k,  'i'iiiueus,  on  which  Plato  formed  the  dialogue  which  bore 

and  by  means  of  the  rod  kl  adjusts  the  slider  in  sncb  a  his  name.     Plutarch  relates,  that  Philolaus  was  one  of 

tnaoner,  that  the  image  is  always  distinctly  painted  on  the  the  persons  who  escaped  from  Ibe  house  which  was  burned 

■creen  a.    When  the  box  advances  towards  the  scrcea,  in  by  Cylon,  during  the  life  of  Pylhagorss ;  but  this  account 

cknler  that  the  images  may  be  diminished  and  appear  to  cannot   be  correcL     Philolaus  was  contemporary  with 

vanish,  the  support  of  the  tens  f  bu  Sen  the  screen  h  to  fall  Plato,  and  therefore  certainly  not  with  Pythagoras.     In- 

aad  intercept  a  part  of  the  light ;  thus  taking  off  from  the  terfering  -in  affairs  of  state,  tie  fell  a  sacrifice  to  political 

natural  brightness  ot  the  object.     The  rod  km  must  be  jealousy. 


r,  and  the  point  i  must  be  twice  the  focal  length 
of  the  lensr,  before  the  object,  l  being  immetliately  under 
the  focus  of  the  lens.  The  screen  u  may  have  a  triangu- 
lar opening,  so  as  to  uncover  the  middle  of  the  lens  only, 
or  the  light  may  be  intercepted  in  any  other  manner.  See 
St.  VouDg's  Lectures  of  Natural  Philosophy. 

PHAKON,  ihe  name  of  a  game  of  chance.  See  De- 
moivrc's  Doctnne  of  Chances,  pa.  77  and  105.  - 

PHASES,  in  Astronomy,  the  various  appeai;»f)ce>,  or 
q'uantities  of  ittunination  of  the  moon,  Venus,  Mercury, 


Philolaus  treated  th«  doctrine  of  nature  with  gr^t 
subtlety,  but  at  the  same  time  with  great  obscurity ;  re- 
ferring every  thing  that  exists  to  mathematical  principles. 
He  taught,  that  reason,  improved  by  mathematical  Icamr 
ing,  is  alone  capable  of  judging  concerning  the  nature  of 
thinp:  that  the  whole  world  consists  of  infinite  and  finite; 
that  number  subsists  by  itself,  and  is  the  chain  by  which 
its  power  sustains  the  eternal  frame  of  things ;  that  the 
Monad, is  not  the  sole  principle  of  things,  but  that  the 
llinary  is  necessary  to  furnish  materials  from  which  «II 


and  the  other  planets,  by  the  sun.     These  phases  are  very  subsequent  numben  may  be  produced  ;  that  the  world  is 

observable  in  the  moon  with  the  naked  eye ;  by  which  one  whole,  whtcb  has  a  fiery  centre,  about  which  Che  ten 

she  sometimes  increases,  sometimes  wanes,  is  now  bent  celestial  spheres  revolve,  heaven,  the  sun,  the  planets,  tb« 

into  horns,  and  again  appears  a  half-circle ;  at  other  times  earth,  and  the  moon  ;  that  the  sun  has  a  vitreous  surface, 

thu  is  gibbous,  and  again  a  full  circular  face.     And  by  whence  the  fire  diffused  through  the  world  is  reflected, 

help  of  the  telescope,  the  like  variety  of  phases  is  observed  tendering  the  mirror  from  which  it  is  reflected  visible ;  that 

in  Venus,  Mars,  Sic.     Copernicus,  a  little  before  the  use  ail  things  &ri  preserved  in  harmony  by  the  law'  of  neces- 

of  telescopes,  foretold,  that  after-ages  would  find   that  sity ;  and  that  the  world  is  liable  to  destruction  both  by 

Venus  underwent  all  the  changes  of  the  moon  ;  which  fire  and  by  water.    From  ibis  summary  of  the  doctrine  of 

prophecy  was  first  fulfilled  by  Galileo,  who,  directing  bis  Philolaus  it  appears  probable  that,   following  Timseus, 

telescope  to  Venus,  observed  her  phases  to  resemble  those  whose  writings  be  possessed,  be  so  far  departed  from  the 

of  the  moon ;  being  sometiroos  full,  sometimes  horned,  and  Pythagorean  system  as  to  conceivp  two  independent  prin-  ' 

sometimes  gibbous.  ciples  in  nature,  God  and  matter,  and  that  it  was  froia 

Phases  t^  an  Bclipie.     To  determine  these  for  any  the  same  source  that  Plato  derived  his  doctrine  upon  this 

time:  Find  the  moon's  place  in  ber  visibia  way  for  that  subject." 

moment;  and  from  that  point  as  a  centre,  with  the  intef^         PHILOSOPHER,  a  person  well  versed  in  philosophy; 

vai  of  the  moon's  scmidiameter,  describe  a  circle;  In  like  or  who  makes  a  profession  of,  or  applii-s  himsdf  to,  the 

manner  find  the  sun's  place  in  the  ecliptic,  from  which,  study  of  nature  or  of  morality. 

with  the  semidiameter  of  the  sun,  describe  another  circle:         Philosopheu's  fieone,  a  long-sough  t-for  preparation, 

the  intersection  of  the  two  circles  shows  the  phases  of  the  which  was  to  transmute  or  exalt  impure  metals,  such  a* 

eclipse,  the  quantity  of  obscuration,  and  the  position  of  tin,  tcad,  copper,  &c,  into  gold.    There  are  three  methods 

the  cusps  or  horns,  by  wbicb  the  alchemists  have  attempted  to  arrive  at  tlK  ait 
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of  making  gold  ;  the  Rnt  by  Reparation,  the  second  by  things,  all  arta  must  have  their  peculiar  pliilotophy  which 

matut^tion,  and  the  third  by  trvns mutation,  or  tumiog  all  constitutes  their  theory;  not  only  iaw  and  physic,  but  the 

metals  rfiulily  into  pure  gold,  by  melting  them  in  the  Gre,  lowest.and  most  abject  arts  are  not  witbom  their  reasons, 

and  casting  a  little  quaucily  of  a  certain  preparation  into  It  is  to  ^  observed  that  the  bareintelligenceand  memory 

the  fused  matter,  upon  which  the  fa;ces  are 'volatilized  of  philosophical  propositions,  without  any  ability  to  d*^ 

And  burnt,  and  the  rest  of  the  mass  turned  into  pure  gold,  monslrate  them,  is  not  philosophy,  but  history  only.  How- 

Many  thousands  of  receipts  have  bten  given  for  conduct-  ever,  where  such  propositions  are  determinate  and  true, 

ing  the  experiments  in  this  art,  and  many  persons  have  they  may  be  usefully  applied  in  practice,  even  by  (hose 

ruined  [heir  fortunes  ill  the  pursuit  of  it;  but  repeated  who  are  ignorant  of  their  demonstrations.     Of  this  we  see 

failures  have  at  last  put  an  end  to  this  hopeless  specu-  daily  instances  in  the  rules  of  arithmetic,  practical  geome- 

lation.  try,  and  navigation ;  the  reasons  of  which  are  often  not  un- 

PHILOSOPHICALTHANSACTiOKS,thoseofthbRoyal  derstood  by  those  who  practise  them  with  success.     And 

Society.     See  Transactions.  this   success   In  the  application  produces  a    conviction 

PHILOSOPHIZING,  the  act  of  considering  some  oh-  of  mind,  which  is  a  kind  of  medium  between  pfailoso* 

joct  of  our  knowledge,  examining  its  -properties,  with  the  phical  or  scienti6c  knowledge,  and  that  which  is  histori- 

phenomena  it  exhibits,  and  inquiring  into  their  causes  or  cal  only.' 

effects,  and  the  laws  of  tbem ;  the  whole  conducted  accord-  .  If  we  consider  the  ditference  there  is  between  natural 

ing  to  the  nature  and  n-ason  of  things,  and  directed  to  the.  philosophers,  and  other  men,  with  regard  to  their  know- 

M  established  by  sir 
causes  of  a  natural 
lufGce  to  account  for 


improvement  of  knowledge. 

Tie  Rules  of  Puilosopi: 
Isaac  Netrton,  are,  I,  That 
effect  be  admitted  than  are  t 
its  phenomena.  This  agrees  with  the  sentiments  of  most 
philosopher^,  who  hold  that  nature  does  nothing  in  vain  ; 
and'ihat  it  were  vain  to  do  that  by  many  means,  which 
might  be  done  by  fewer. 

2.  That  natural  eflects  of  the  same  kind,  proceed  from 
(he  same  causes.  Thus,  for  instance,  the  cause  of  respi- 
ration is  one  and  the  same  in  man  and  brute ;  the  cause  of 
the  descent  of  a  stone,  the  same  in  Europe  a*  in  Americat 
the  cause  of  ligb  r,  the  same  in  the  sun  and  in  culinary  hre; 
and  the  cause  of  reflt'Cliun,  the  same  in  the  planets  as  the 
earth. 


ledge  of  phenomena,  we  shall  find  it  consists  not  in  an 
exacter  knowledge  of  the  efficient  cause  that  produces 
them,  for  that  can  be  no  other  than  the  will  of  the  Deity; 
but  only  in  a  greater  and  more  enlarged  comprehension, 
by  which  analogies,  harmonies,  and  agreements  are  de- 
scribed in  the  works  of  nature,  and  the  particular  effects 
explained;  that  is, reduced  to  geneial  rules,  which  rule*, 
grounded  on  the  analogy  and  uniformiiess  observed  in  the 
production  of  natural  effects,  are  more  agreeable,  and 
sought  after  by  the  mind;  for  that  they  extend  our 
prospect  beyond  what  is  present,  and  near  to  us,  and 
enable  us  to  make  very  probable  conjectures,  concerning 
things  that  may  have  happened  at  very  great  distances  <^ 
time  and  place,  as  well  as  to  predict  things  to  cofne;  which 
t  of  endeavour  towards  omniscience  is  much  affected  by 


3.  Tliose  qualities  of  bodies  which  are  not  capable  of     the  mind.     Berkeley,  Frincip.  of  Hum,  Knowledge,  sect, 
being  beightenedi  and  remitted,  and  which  are  found  in     104,  105. 

all  bodies  on  which  experiments  can  be  made,  must  be  From  the  first  broachcrs  of  new  opinions,  and  the  first 
considered  as  universal  qualities  of  all  bodies.  Thus,tbe  founders  of  schools,  philosophy  is  become  divided  inte 
extension  of  body  is  only  perceived  by  our  senses,  nor  is  several  sects,  some  ancient,  others  modern ;  such  are  the 
it  perceivable* in  all  bodies :  but  since  it  is  found  in  all  Platonists,  Peripatetics,  Ii^icureBns,  Stoics,  Pyrrhonians, 
that  we  have  perception  of,  it  may  be  a^rmed  of  all.  So  and  Academics;  alto  the  Cartesians,  Newtonians,  &c. 
we  find  that  several  bodies  are  hard  ;  and  ai^ue  that  the  See  the  particular  articles  for  each.  Philosophy  may  be 
hardness  of  the  whole  only  arises  firom  the  hardness  of  the  divided  into  two  branches,  or  it  may  be  considered  under 
parts:  whence  we  infer  that  the  parUcles,  not  only  of  ' 
those  bodies  which  are  sensible,  but  of  all-othetB,  are  like* 
wise  hard.  Lastly,  if  sll  the  bodies  about  the  earth  gravi. 
tatc  towards  the  earth,  and  (his  according  to  the  quantity 
of  matter  in  each  ;  and  if  the  moon  gravitate  towards  the 
earth  tUso,  according  to  its  quantity  of  matter ;  and  the  sea 
again  gravitate  towards  the  moon  ;  and  all  the  planets  and 

comets  gravitate  towards  each  other:  it  may  be  affirmed     laws  ofnature  and  nations,  ethics  and  politics;  and  lastK 
universally.thatallbodiesin  the  creation  gravitate  towards     thephysical  part  comprehends  the  doctrine  of  bodies,  r— 


.  theoretical  and  practical. 

Theorciical  tr  SptaUalive  PHii.oaorttT,  is  employed  in 
mere  contemplation.  Such  is  physics,  which  is  a  bare 
contemplation  of  nature,  and  natural  things. 

Philosophy  may  be  divided  into  three  parts;  inte^ 
lectual,  moral,  and  physical :  the  intellectual  part  con>- 
prises  logic  and  metaphysics;  the  moril  part  contains  the 


each  other.    This  rule  is  the  foundation  of  all  natural 
philosophy. 

PHILOSOPHY,  the  knowledge  or  study  of  nature  or 
morality,  founded  on  reason  and  experience.  Literally 
and  originally,  the  word  signified  a  love  of  wisdom.  But 
by  philosophy  is  now  meant  the  knowledge  of  the  nature 
and  reasons  of  things;  as  distinguished  from  history,  which 
is  the  bare  knowledge  of  facts;  and  from  mathematics, 
which  is  the  knowledge  of  the  quantity  and  measurt^  of 
things.  These  three  kinds  of  knowledge  ought  to  be  joined 


t  or  inanimate :  these,  with  thciv  various  subdiv: 
will  comprhe  the  whole  of  philosophy. 

Practical  Piiilosoprt,  is  that  which  lays  down  the 
rules  of  a  virtuous  and  happy  life;  and  excites  us  to  the 
practice  of  them.  Most  authors  divide  it  into  two  kinds, 
answerable  to  the  two  sons  of  human  actionsto  be  di- 
rected by  it;  vis,  logic,  which  governs  the  operations  of  the 
understanding;  and  ethics,  properly  so  called,  which  di- 
rect t^ose  of  the  will. 

For  the  several  particular  kinds  of  philosophy,  see  the 


as  much  as  possible.  History  furnishes  matter,  principles,  .  articles,  .^sabian,  Aristotelian,  Atomic^,  Cartesian,  Cor- 
and  practical  examinations;  and  roathematici  completes  piucular.  Epicurean,  Experimental,  Hermetical,  Leib- 
tbe  evidence.  nittian, Mechanical, Moral, Natural, Newtonian,  O^iental^ 

Philosophy  being   the  knowledge  of   the  reasons  of    Platonic,  Scbolaitic,  Socratic,  &c,  &c. 
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FHL0GISTOM,iiiChei]iiitry,atenii  thatieeins  to  be     not&t  all  necessary.    And  lastly,  from  other  experi men t> 
•Imoflt  banished  frum  out  language.     It  was  invented  by     he  found  that  mercury  inclosed  jn  water,  which  commu- 
Stahl,  according  to  whom  there  is  only  one  subiitance  ii 
natare  capable  of  combustion,  this  he  called  phlugistoa 
and  all  those  bodies  which  can  be  luSamed  contain  i 


nicated  with  the  open  air,  by  a  violent  shaking  of  the  vessel 
in  which  it  was  inclosed,  emitted  particles  of  light  in  great 
pknty,  like  little  atars.  By  including  the  vessel  of  mer- 
cury. Sic,  in  a  receiver,  and  exhausting  the  air,  the  phe- 
nomeiioa  was  changed ;  and  on  shaking  the  vessel,  instead 
of  sparks  of  light,  the  whole  mass  appeared  one  continued 
circle  of  light. 

Further,  if  mercury  be  inclosed  in  a  glass  tube,  clnse 
slopped,  that  tube  is  found,  on  bi'ing  rubbed,  to  give  much 
more  light,  than  when  it  bad  no  mercury  in  it.  When 
this  tube  has  been  rubbed,  after  raiMng  successively  its 
extremities,  that  the  mercury  might  flow  from  one  end  to 
the  other,  a  light  is  seen  creeping  in  a  serpentin 


or  less  of  it.  Combustion  by  his  theory  is  merely  the  se- 
pantliun  of  this  sulisiancc.  Those  bodies  which  contain 
come  of  it  are  iiicombustibles.  All  combustibles  are 
composed  of  an  incombustible  body  and  phlogiston  united; 
and  during  the  combustion  the  phlogiston  Aim  off,  and 
the  incombustible  body  is  left  behind.  Thus  when  sul- 
phur is  burnt,  the  substance  that  remains  is  sulphuric 
acid,  an  incombustible  body.  Salpbur  therefon-  is  said 
to  be  composed  of  sulphuric  acid  and  phlogiston.  This 
theory  has  long  since  given  place  to  that  established  by 

Lavoisier,  and  so  much    improved  by  Dr.  Thomson  of     all  along  the  tube,  the  mercury  being  ail  luminous.     By 
Edinbui^h.     See  the  article  Combustion.  making  the  mercury  run  along  thtt  tube  afterwards  with- 

FHCENIX,aconstcllationof  thesoutbem  hemis|Aiere;  out  rubbing  it,  it  emitted  some  light,  though  much  less 
being  one  of  the  new-added  asterisms,  unknown  to  the  than  before;  this  proves  thnt  the  friction  of  the  mercury 
ancients,  and  is  not  visible  in  our  northern  parts,  of  the  against  the  glass,  iu  running  nloiigt  does  in  some  measure 
globe.     There  are  13  stars  in  this  constellation.  electrify  the  glass,  as  the  rubbing  it  with  the  hand  does, 

PHONICS,  otherwise  cafled  Acoustics,  is  the  doc-  only  in  a  much  less  degree.  This  is  more  plainly  proved 
trine  or  science  of  sounds.  Phonics  may  be  considered  by  laying  some  very  light  down  near  the  tube,  for  this  will 
as  an  art  analogous  to  optics;  and  may  be  divided,  like  be  attracted  by  the  electricity  rallied  by  the  rvnuing  of  the 
that,  into  direct,  refracted,  and  reflected.  These  branches,  mercury,  and  will  rise  to  that  part  of  the  glass  along  which 
the  bishop  of  Ferns,  in  allusion  to  the  parts  of  optics,  de-  the  mercury  runs ;  from  which  it  is  evident,  that  what  has 
nominates  phonics,  diaphonics,  and  cataphonics.  See  been  long  known  in  the  world  under  the  name  of  the  pbos- 
AcousTiCB.       '  phorus  of  the  barometer,  is  not  a  phosphorus,  but  merely 

PHOSPHORUS,  a  matter  which  shines,  or  even  bums     a  light  raised  by  electricity,  the  mercury  electrifying  Uie 
spontaneously,  and  without  the  application  of  any  sensible     tube.     Philos.  Trans.  No.  484i. 
fire.     Phosphori  are  either  natural  ur  artificial.  Artificial  Pkosfuoki,  are  such  as  owe  their  luminous 

Natural  PHOSPuOKr,  are  matters  which  become  In-  -  quality  to  some  art  or  preparation.     Some  of  these  are 


minous  at  certain  times,  without  the  assistance  of  any  art 
or  preparation.  Such  are  the  glow-worms,  frequent  in 
our  colder  countries ;  lantern-flies,  and  other  shining  in- 
sects, in  hot  countries;  rotten-wood;  the  eyes,  blood, 
scales,  flesh,  sweat,  feathers,  &c,  of  several  animals;  dia- 
monds, when  rubbed  after  a 
bating  been  exposed  to  the  st 

pbur,  when  pounded  in  a  dark  place;  sea-water,  and  some 
mineral  waters,  when  briskly  agitated ;  a  cat's  or  bone's 
back,  duly  rubbed  with  the  hand,  &c,  in  the  dark;  nay 
Dr.  Croon  tells  us,  that  on  rubbing  his  own  body  briskly 
with  a  well-warmed  shirt,  be  has  frequently  made  both  to 
■biae ;  and  Dr.  Stoane  adds,  that  he  knew  a  gentleman  of  generally  known 
Bristol,  and  his  son,  bath  whose  stockings  would  shine     and  as  the  method  thi 


made  by  the  maceration  of  plants  olone,  and  without  any 
fire;  such  as  thread,  linen  cloth,  but  above  all  paper: 
the  luminous  appearance  of  this  last,  which  ii  is  now  known 
is  an  electrical  phenomenon,  is  greatly  increased  by  heat. 
Almost  all  bodies,  by  a  proper  treatment,  have  that  power 
lin  manner,  or  after  of  shining  in  the  dark,  which,  at  first  was  supposed  to  be 
light;  sugar  end  sul-  the  property  of  one,  and  afterwards  only  of  a  few.  Sea 
Fhilu).  Trans.  No.  478,  in  vol.  44,  pa.  83. 

The  discovery  of  phosphorus  was  made  in  1^77  by  one 

Brandt,  a  citiien  of  Hamburgh,  in  his  researches  for  th« 

philosopher's  stone,  and  the  preparation  was  long  kept  a 

lucrative  secret  in  the  hands  of  a  few  persons;  but  as  itwaa 

3  have  been  prepared  from  human  urine, 

iployed,  though  tedious  and  dis- 


much  afler  walking.  All  natural  phosphori  have  this  in  gusting,  was  extremely  simple,  it  was  detected  by  several 
cnminon,  that  they  db  not  shine  always,  and  that  they  chemists,  but  first  by  Kunckel  and  Mr.  Boyle,  and  the 
never  give  any  heat.  Of  all  the  natural  phosphori,  that  real  nature  of  phosphorus  has  been  gradually  explained  by 
which  has  occasioned  the  greatest  speculation, is  the        .    «  vast  number  qf  ingenious  and  elaborate  researches. - 

BaroBtetrical  or  Mercurial  Phosphdbus.  M.  Picard  Kunckel  having  first  discovered  the  method  of  preparing 
first  observed,  that  the  mercury  of  his  barometer,  when  this  substance, it  is  generally  calleilKunckel'sphospborus. 
shaken  m  a  dark  place,  emitted  light.  And  many  fanciful  The  earliest  method  of  preparing  phosphorus  was  in  the 
explanations  have  been  givcn-of  this  phenomenon,  which  following  manner.  A  large  quantity  of  human  urine  was 
however  is  now  found  to  be  a  mere  electrical  efiecL  Mr.  collected,  and  after  remaining  for  a  time  to  become 
Hawksbee  has  several  experiments  on  this  appearance,  putrid,  it  was  evaporated  to  dryness  in  any  suitable  ves- 
Passing  air  forcibly  through  the  body  of  quicksilver,  sel.  The  residue  was  then  mixed  with  charcoal  in  pow- 
placed  in  an  exhausted  receiver,  the  parts  were  violently  der,  and  heated  gradually  to  low  redness  in  an  iron  pot, 
driven  against  the  side  of  the  receiver,  and  gave  all  around     till  the  mass  began  to  send  forth  blue  lummous  vapours. 

It  was  then  removed  into  a  coaled  earthen  retort  witb« 
receiver,  and  hi-at  applied  gradually  till  it  reached  the 
utmost  intensity;  during  which  the  phosphorus  distilled 
over,  and  partly  concreted  in  the  neck  of  the  retort,  and 
,  _  _     partly  fell  in  drops  into  the  receiver.     This,  which  was  at 

very  fine  mediuni,  tiesrly  approaching  to  a  vacuum,  was    first  black  and  fuul,  was  purified  by  melting,  and  was 


From  other  experiments  he  found,  that  though  the  ap- 
pearance of  light  was  not  producible  by  ^tating  the  mer- 
cury 'in  the  same  manner  in  the  common  air,  yet  that 
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formed  into  tticki,  wbich  were  long  lold  at  a  very  high 
price,  u  *  great  pbiloiophical  curiosity. 

Tbii  disgusting  proceu  is  now  completely  laid  aside, 
and  phosphorus  it  obtained  in  a  much  more  certain  man- 
ner, from  the  nhite  earth  left  after  the  calcination  of 
bones;  but  for  the  process  of  which  operation  we  muit 
refer  the  reader  to  Murray's  and  Parkinson's  Cheraistrie*, 
and  to  the  article  Phosphorus  in  Aikin's  Chemical  Dic- 
tionary. 

Many  carious  and  amusing  experiments  are  made  tvith 
phosphorus  ;  as  by  writing  with  it,  when  the  letters  will 
appear  like  flame  in  the  dark,  though  in  the  light  nothing 
appears  but  a  dim  smoke;  also  a  little  bit  of  it  rubbed 
between  two  papers,  presently  takes  fire,  and  burns  vehe- 
mently; tec.  By  washing  the  face,  or  hands,  &c,  with 
liquid  phosphorus,  they  'Xvilj  shine  very  considerably  in 
the  dark,  and  the  lustre  will  be  communicated  to  adjacent 
objects,  yet,  without  hurting  the  skin  :  and  on  bringing  In 
the  candle,  tbe  shining  disappears,  and  no  change  is 
perceivable. 

Pbosphohus,  in  Astronomy,  is  the  morning  star,  or 
the  planet  Venus,  when  sbe  rise!^  before  tbe  sun.  The 
Latins  call  it  Lucifer,  the  French  Etoile  do  berger,  and 
the  Greeks  Phosphorus. 

PHOSPHURETS,  inChemistry,  are  substances  form- 
ed by  an  union  with  phosphoruG :  tbus,  ive  have  tbe  phos- 
phuret  of  carbon,  which  is  a  compound  of  carbon  with 
phosphorus;  we  have  likewise  tbe  phosphurci.of  hine, 
hydrogen,  &c. 

PHOSPHURETTED  Hydn^en,  phosphorus  dissolved 
in  hydrogen  gas;  which  may  be  done  by  introducing 
phosphorus  into  b  glass  jar  of  hydrogen  gas  standing 
over  mercury,  and  then  melting  it  by  means  of  a 
burning  glass;  the  gas  dissolves  a  lai^e  proportion  of 
it.  The  compound  has  a  very  fetid  odour,  something 
like  that  from  putrid  fish.  When  it  comes  iiito  cou- 
lact  with  common  air,  it  burns  with  great  rapidity, 
and  if  mixed  with  that  air  it  detonates  violently.  Oxygen 
^  produces  a  still  more  rapiJ  and  brilliant  combustion 
than  common  air.  When  bubbles  of  it  are  made  to 
pass  up  through  water,  they  explode  in  succession  as 
they  reach  the  surface  of  the  liquid ;  a  beautiful  column 
of  white  smoke  is  formed.  This  gaa  is  the  most  corabus. 
tible  substance  known.  Its  combustion  is  tbe  combina- 
tion of  its  phosphorus  and  bydrogeawith  the  oxygen  of 
the  atmosphere,  and  the  products  are  phosphoric  acid  and 
water.  These  substances,  mixed  or  combined,  constitute 
the  while  smoke. 

PHYSICAL  Something  belonging  to  nature,  or  ex- 
isting in  it.  Tbus,  we  say  a.  physical  point,  in  opposition 
to  a  mathematical  one,  whicli  lost  only  exists  in  the  ima- 
gination. Or  a  physical  substance  or  hody,  in  opposition 
to  spirit.or  metaphysical  substance,  &c, 

Phtiical,  or  SentihU  Horizon.     See  Horizon. 

pHTsico-i/oi'ipmoric*,  or  Mixtd  MeiAcmalia,  includes 
those  brandies  of  pby«icE  which,  uniting  observation  and 
experiment  lo  mathematical  calculation,  explain  mathe- 
malicaily  the  phenomena  of  nature. 

PHYSICS,  called  also  Pbytiolagy,  ami  A'aiaroi  PAilo- 
topky,  is  the  doclrinc  of  natural  bodies',  their  phenomenii, 
causes,  and  eflects,  with  their  various  affeciions,  mo- 
tions, operations,  &c.  So  that  the  immediate  and  proper 
objects  of  phyfics,  are  boily,  space,  and  motion,  liio 
origin  of  physics  is  refirred,  by  the  Greeks,  to  the  Bar- 
barians, viz,  the  bracbmnns,  tbe  magi,  and  the  Hebrew 

Vol.  li: 


and  Egyptian  priesta.  From  these  it  pasted  ta  Ae  Greek 
sages  or  sopbi,  particularly  to  Thales,  who  it  is  aaid  fint 
professed  the  study  of  nature  in  Greece.  Hence  it  de- 
scended into  the  schools  of  the  Pythagoreans,  the  Plato- 
.nists,  and  the  Peripatetics;  whence  it  passed  into  Italy, 
and  thence  through  the  rest  oi  Europe;  though  the 
druids,  bards,  &c,  had  a  kind  of  system  of  physics  of  their 
own. — Physics  may  be  divided,  with  regard  lo  the  man- 
ner in  which  it  has  been  treated,  into  the  following  kind*. 

Symbolical  Pi^TSics,  or  sucb  as  was  couched  under 
symbols:  such  was  that  of  the  old  Elgyptians,  Pytiiago- 
reans,  and  Platonists ;  who  delivered  the  properties  of 
natural  bodies  under  arithmetical  and  geometrical  cha- 
racters, and  hieroglyphics. 

Peripatetieal  Physics,  or  that  of  the  Aristotelians, 
who  explained  the  nature  of  things  by  matter,  form,  and 
privation,  elementary  and  occult  qualities,  sympathies, 
anlipalhies,  attractions,  &c. 

Eiperinieniai  Physics,  which  inquires  into  the  reasons 
and  natures  of  things  from  experiments  :  such  as  those  in 
chemistry,  hydrostatics,  pneumatics,  optics,  &C. 

Mttcharacal  or  Corputcular  Physics,  which  explains 
the  appearances  of  nature  from  the  matter,  motion,  struc- 
ture, and  Hgure  of  bodies  and  their  ports;  all  according 
to  the  settled  laws  of  nature  and  mechanics.  See  each 
of  these  articles  under  its  proper  head. 

PIASTER,  a  Spanish  money,  more  usually  called  Piece 
of  Eight,  about  tbe  value  of  *».  6d. 

PIAZZA,  popularly  called  Piache,  en  Italian  name, for 
a  portico,  or  covered -walk,  supported  by  arches. 

PIAZZI,  a  small  new  primary  planet,  discovered  Jait. 
1,  1800,  by  the  astronomer  Piaxzi  of  Palermo.  It  is  also 
called  Cekks  ;  which  see.  , 

PICARD(JoHN,)anablematbematicianofFraBce,  and 
one  of  the  most  learned  astronomers  of  the  17tb  century, 
was  bom  at  Fleche,  and  became  priest  and  prior  of 
Rillein  Anjou.  Coming  afterwards  to  Paris,  his  talents^ 
for  mathematics  and  astronomy  soon  made  him  known  and 
respected.  In  l666  he  was  appointed  astronomer  in  the 
Academy  of  Sciences.  And  6n  years  after,  he  was  sent, 
by  order  of  the  king,  to  the  castle  of  Uraniburg,  built  by 
Tycho  Brahd  in  Denmark,  to  make  astronomical  obser- 
vations there,  and  from  thence  he  brought  the  original 
manuscripts,  written  by  Tycho  'Brah6 ;  which  are  the 
moT^  valuable,  as  they  differ  in  many  places  from  the 
printed  copies,  and  contain  a  book  more  than  has  yet 
appeared.  These  discoveries  were  followed  by  many  others, 
particularly  in  astronomy.  He  was  one  of  the  hrst.wbo 
applied  the  telescope  to  astronomical  quadrants :  he  first 
executed  the  work  called,  La  Connoissance  des  Temps, 
which  he  calculated  from  1679  to  l683  inclubively :  he 
first  observed  the  light  in  the  vacuum  of  the  barometer, 
or  the  mercurial  phosphorus:  he  also  fitit  of  any  went 
through  several  parts  of  rrance,  to  measure  ijte  degrees 
of  the  French  meridian,  and  first  gate  a  chart  of  the 
country,  which  the  Cassinis  afterwards  carried  to  a  great 
degree  of  perfection.  He  died  in  l6'82  or  itiSS,  leaving 
a  name  dear  to  his  friends,  rikI  respectable  to  his  cuniem- 
poraries  and  to  posterity.     His  workt  are, 

1.  A  li«alisc  on  Levelling. 

2.  Practical  Dialling  by  calculation. 

3.  Fragments  of  Dioptrics. 

+.  Experiments  on  Running  V/ater. 

5,  Of  Measurements.     " 

6,  Mensuration  of  Fluids  and  Solids. 
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7.  Abridgment  ol  the  Meuiure  b(  ifae  Etrth. 

8.  Juurncy  to  Uranibui 
made  in  Den  mark. 

$.  Astronomical  Observations  made  in  France. 

10.  La  CunnoiE£aiicode« Temps, from  1(J79  to  l683, 

All  these,  


PIL 


terjacent  arch,  independent  of  the  awistuice  of  any  other 
Astronomical  Observations    archea.     And  then,  if  the  middle  of  the  pier  be  run  up 
to  its  full  height,  the  centriny  may  be  struck,  to  be  used 
in  another  arch,  before  thehanchesor  spandrels  are  filled 
up.     They  ought  also  to  be  made  with  a  broad  bottom  on 
work*,  which  are  mupU    the  foundation,  and  gradually  diminished  in  thickness  by 
6lh  and  7iti  volumes  of  the     offsets  up  to  low-water  mark. 
Memoirs  of  the  Academy  of  Sciences. 

PICKET,  ftcjae(,  or  i'iqvet,  in  Forlificaiion  &c,  a  stake 
sharp  at  one  end,  and  usually  shod  with  iron,  used  in 
laying  nut  ground,  to  murk  its  several  bounds  and  angles. 
There  are  also  larger  pickets,  driven  into  the  earth,  tii  hold 
togethtr  fascines  or  fagots,  in  works  that  are  thrown  up 
in  haste.     As  also  various   kinds  of  smaller  pickets  for 

PItlCES,  in  Artillery,  include  all  kinds  of  great  guns 
and  mortars,  ;  nVeaiiing  pieces  of  ordnance,  or  of  artillery. 

I'lEDOUfHL,  in  Architecture,  a  little  stand,  or  pe- 
destal,either  oblong  or  sijua re, enriched  with  mouldings; 
serving  to  support  a  btist,  or  other  little  ligure;  and  it 
more  usually  called  a  bracket  pedestal. 

PIEDROIT,  in  Architecture,  a  kind  of  square  pillar, 
or  pier,  partly  hid  within  a  wall.     Differing  from  the  p 
laster  by  having  no  regular  base  nor  capital. 

PiBDSoiT  is  ako  used  for  a  part  of  the  solid  wall  ai 
nexed  to-a  door  or  window  ;  comprehending  the  door-post, 
chambranle,  tableau,  leaf,  &c. 

PIER,  in  Buildine,  denotes  a  mass  of  stone,  &c,  op-  r  .l  ri*>*  x  al        _  , 

J  .  r  f  _.  ■    .  .L    !■  f  .1       '     t^      ness  of  the  pier  fc  ^k/I x  Ha^. 

posed  tjy  way  of  fortress,  against  the  force  of  the  sea,  or  r  v  Vgp  ^  „l       •"■;■ 

a  great  river,  for  the  security  of  ships  lying  in  any  har-  The  investigations  of  this  rule,  and  other  methods  for 

hour  or  haven.  Such  are  the  piers  at  Dover,  or  Ramsgate,  this  purpose,  may  be  seen  in  my  Tracts,  vol.  1 ,  pa.  72,  &c. 

or  Yarmouth,  &:c.  PIKE,    an  o^nsive  weapon,  consisting  of  a  shaft  of 

Piers  are  also  used  in  Architecture  for  a  kind  of  pi-  wood,  12  or  14  (cet  long,  headed  with  a  flat-poinlcd  steel, 

tasters,  or  buttresses,  raised  for  support,  strength,  and  called  the  spear.     Pliny  saj's  the  Lacedemonians  were  the 

sometimes  for  ornament.  inventors  of  the  pike.    The  Macedonian  phalanx  was  evi- 

Circular  Piers,  are  called  Massive  Columns,  and  are  dently  a  battalion  of  pikemen.     The  pike  was  long  used 

either  with  or  without  caps.     These  are  often  seen  in  by  the  infantry,  to  enable  them  to  sustain  the  attack  of  the 

Saracenic  architecture,  cavalry  ;  but  it  is  now  taken  frum  ihcra,  and  the  bayonet, 

PiBKS,  of  a  Bridge,  are  the  walls  built  to  support  the  fixed  to  the  muzzle  of  the  lirelock,   is  given  instead  of  it. 

ill  used  by  somcofUcers  of  infantry,  under  thename 


To  find  rficr  tkicinets  ro  tif  the  Piers,  necessary  to  sop- 
port  an  arch  abm,  this  is  a  general  rule.     Let  a  be  the 
centre  of  gravity  of  the  half  arch  adcb,  a  =  its  area; 
L  perpendicular  to  au  the  span  of  the  arch,  ob  its 
height,  and  bc  its  thickness  at  the  crown  :  then  is  the  thick'* 


»rches,  and  from  which  they    spring  as  bases,  to  stand 
upon.     Picra  should  be  built  of  lar^e  blocks  of 


of  s 


solid  throughout,  and  cramped  together  with  iron,  which 
will  make  the  whole  as  one  solid  stone.  Their  extre- 
mities, or  ends,  from  the  bottom,  or  base,  up  to  high- 
water  mark,  ought  to  project  sharp  out  with  a  saliant 
angle,  to  divide  the  stream.     Or  perhaps  the  botti 


n  officer  of  foot; 


spontoon. 

Half  PiKB  is  the  weapon  carried  by  a 
being  only  8  or  9  feel  long. 

PILASTER,  in  Architecture,  a  square  column,  some- 
times insulated,  but  more  frequently  let  within  a  wall,  and 
part     only  projecting  by  a  4th  or  5th  pan  of  its  thickness. 


of  the  pier  should  be  built  flat  or  square  up  to  about  half     The  pilaster  is  dif!erent  in  the  diffei 
the  height  of  low'watcr  mark,  to  encourage  a  lodgment    the  nameof  each  order,  and  having  I  hi 


t  it  for  the  sand  and  mud,  to  corer  the  foundatioi 
l^t,  being  left'  bare,  the  water  should  in  time  un* 
dermine  and  ruin  it>  The  best  form  of  the  projection 
for  dividing  the  stream,  is  the  triangle;  and  the  longer  it 
is,  or  the  mors  acute  the  saliant  angle,  the  better  it  will 
divide  it,  and  the  less  will  the  force  of  the  water  he  against 
the  pier ;  but'  it  may  be  sufficient  to  make  that  angle  a 
right  one,  as  it  will  render  the  nasonry  strongei 


borrowing 
proportions, 
nts,  with  th« 


that  case  the  perpendicular  projection  will  be  equal  to     Amsterdam,  a 


and  the  tame  capitals,  memben,  and  o 
columns  themselves. 

Demi  Pilaster,  called  also  Membraio^  is  a  pilastec 
that  supports  an  arch  ;  and  it  generally  stands  against  ft 
pier  or  column. 

PILES,  in  Building,  are  large  stakes,  or  beams,  sharp- 
ened at  the  end,  and  shod  with  iron,  to  bc  driven  into  the 
ground,  for  a  foundation  to  build  upon  in  marshy  placet. 


half  the  breadth  or  thickness  of  the  pier, 
where  large  heavy  craft  navigate,  and  pass  the  arches,  it 
may  perhapa  be  better  to  make  the  ends- semicircular; 
for  though  this  figure  does  not  divide  the  water  so  well  as 
(he  triangle,  it  will  better  turn  off,  and  bear  the  shock  of 
the  craft. 

The  thickness  of  the  piers  ought  to  be  such  as  will  make 
them  of  weight,  or  strength,  sufficient  to  support  their  in- 


wholly  built  upon 


piles.  The  stoppage  of  Dagrnham-brench  was  effected  by 
dove-tail  piles,  that  is  by  piles  mortised  intu  one  another 
by  a  dovetail  joint.  Piles  are  dJ"i^en  down  by  blows  of  a 
large  iron  weight,  rani,  or  hammer,  dropped  continually 
upon  them  from  a  height,  till  the  pile  is  sunk  deep  enough 
into  the  ground. 

Notwithstanding  the  momentum,  or  force  of  a  body  in 
motion,  is  as  the  weight  multiplied  by  the  velocity,  or 


vGoogle 
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.  Minijly  B«  its  velocity,  tbe  weifthi  being  gifen,  or  coniUnt ; 
yet  the  <-lfect  of  tbe  blow  will  be  nearly  ai  the  square  of 
that  velocity,  tbe  effect  being  the  quanliiy  the  pile  sinks  in 
the  groimU  by  tbe  stroke,  Vut  the  force  of  the  blow,  which 
i>  transferred  to  the  pile,  being  destroyed,  in  gome  certain 
defioilc  time,  by  the  friciinn  of  the  pa-tt  which  is  within 
the  earth,  and  which  linearly  a  constant  quantity  ;  and  the 
spcures,  in  constant  forces,  being  as  the  squares  of  the  ve- 
locities ;  therefore  the  effects,  which  are  thu^e  spaces  sunk, 
are  nearly  as  the  square  of  the  velocitias  ;  or,  which  is  the 
lame  thing,  nearly  as  the  height*  fallen  by  the  ram  or 
hammer,  to  the  head  of  the  pile.  See,  upon  this  subject, 
Leopold  Bclidor,  also  Desaguli era's  Exper.  Pbilos.  vol.  J, 
pa.  336,  and  vol.2,  pa.  417:  and  Fbilus.  Trans.  1779, 
pa.  ISO:  also  my  Tracts,  vol.  3,  prob.2,  pa.3l7. 

There  have  been  various  contrivances  for  raising  and 
dropping  the  hammer,  for  driving  down  the  pilea  ;  som« 
unplc  and  moved  by  strength  of  men,  and  some  com- 
plex and  by  machinery ;  but  tbe  completest  pile-driver  is 
esteemed  that  which  wot  employed  in  driving  the  piles  in 
tbe  foundation  of  Wntminster  bridge.  Tliis  machine  was 
the  invention  of  Ur.  Vauloue,  and  the  description  of  it  is 
as  follows. 

Detcr^liM  vf  Fauloutf*  Pi  l  K-Drieer.  See  fig.  3,  pi.  35- 
A  is  the  great  upright  shaft  or  axle,  carrying  the  great 
wheel  B  and  drum  c,  and  Eurned  by  horses  attached  to 
tbe  ban  B,  s.  The  wheel  b  turns  the  trundle  x,  having  a 
fly  o  at  the  top,  to  regulate  the  motion,  and  to  act  against 
the  hones,  and  keep  them  from  falling  when  the  heavy  ram 
Q  it  disengaged  to  drive  the  pile  p  down  into  the  mud  &c, 
in  tbe  bottom  of  the  river.  The  drum  c  is  loose  upon  the 
■haft  A,  but  is  locked  to  the  wheel  x  by  the  boh  t.  On 
thisijrum  the  great  rope  .iih  is  wound  j  one  end  of  it  being 
£xed  to  the  drum,  and  the  other  to  the  follower  o,  passing 
over  the  pulleys  i  and  k.  In  the  follower  a  are  contained 
the  tongi  r,  which  take  hold  of  the'rara  q,  by  the  staple  k 
for  drawing  it  up,  d  is  a  spiral  or  fusee  fixed  to  the  drum, 
on  which  winds  the  small  rope  t,  which  goes  over  the  pul- 
ley V,  under  the  pulley  v,  and  is  &stened  to  the  top  of 
(he  frame  at  7-  To  the  puUey-block  v  is  hung  the  coun* 
terpoise  w,  wbich  hinders  the  follower  from  accelerating 
as  it  goes  down  to  take  hold  of  tbe  ram  :  for,  as  tbe  fol- 
lower tends  to  acquire  velocity  in  its  descent,  the  line  t 
winds  downwards  upon  the  fusee,  on  a  larger  and  larger 
radius,'  by  which  means  the  counterpoise  w  acts  stronger 
and  stronger  against  it ;  and  so  allows  it  to  come  down 
with  only  a  moderate  and  uniform  velocity.  Tbe  bolt  t 
locks  the  drum  to  the  great  wheel,  being  pushed  upward 
by  the  small  lever  2,  which  goes  through  &  mortise  in  the 
shaft  A,  turns  upon  a  pin  in  the  bar  3  fixed  into  the  great 
wheel  B,  and  has  a  weight  4,  which  always  tends  to  push 
up  the  bolt  T  through  the  wheel  into  tbe  drum,  l  is  the 
great  lever  turning  on  the  axis  m,  and  resting  upon  the 
forcing  bar  5,  5,  which  goes  down  through  a  hollow  in  the 
shaft  A,  and  bean  upon  the  little  lever  2, 

By  tbe  hones  going  round,  the  great  rope  h  Is  wound 
about  the  drum  c,  and. the  ram  q  is  drawn  up  by  the  tongs 
T  in  the  follower  o,  till  they  come  between  the  inclined 
planes  e  ;  which,  by  shutting  the  tongs  at  the  top,  open 
.  them  below,  and  so  discharge  tbe  ram,  which  fells  down 
between  the  guide  pnatt  bb  upon  the  pile  p,  aud  drives  it 
by  a  few  strokei  at  far  into  the  ground  as  it  can  go,  or  as 
is  desired ;  after  wbicb,  the  top  part  it  sawed  off  olose  to 
tbe  mud,  by  an  engine  for  that  purpoae.  Immediately" 
after  tbe  ram  is  discharged,  the  piece  6  upon  the  follower 


l«    J  P  I  L 

G  takes  hdid  of  the  ropes  aa,  which  rai&e  tbe  end  of  tho 
lever  L,  and  cause  its  end  s  to  dest.'end  and  prC'SS  down  the 
forcing  bar  5  upon  the  little  lever  2,  which,  by  drawing 
down  the  bolt  r,  unlocks  the  drum  c  from  the  great  wheel 
B  ;  and  then  the  follower,  being  at  liberty,  comes  down  by 
it£  own  weight  lo  the  ram  ;  and  the  lower  ends  of  the  tongs 
slip  over  the  staple  r,  aiid  the  weight  of  their  heads  causes 
them  to  fall  outward,  and  shut  upon  it.  Then  the  weight 
4  pushes  up  the  bolt  y  into  the  drum,  which  locks  it  to 
the  great  wheel,  and  so  tbe  ram  is  drawn  up  as  before. 

As  tbe  follower  cornea  down,  it  causes  the  dium  10  turn 
backward,  and  unwinds  the  rope  from  it,  while  the  horses, 
the  great  wheel,  trimitle,  and  fly,  go  on  wiih  an  uninti-r- 
rupted  motion  :  and  as  the  drum  is  turning  backward,  the 
counterpoise  w  is  drawn  up,  and  its  rope  t  wound  upon 
the  spiral  fusee  d.  There  are  severul  holes  iti  the  under 
side  of  the  drum,  and  the  bolt  v  always  takes'tbe  jirsi  one 
that  it  finds  when  the  drum  stops  by  the  falling  of  tbe  fol* 
lower  upon  the  ram  ;  till  which  stoppage,  tbe  bolt  haa  not 
time  to  slip  into  any  of  the  holes. 

The  peculiar  advantages  of  this  engine  are,  that  the 
weight,  called  the  ram,  or  hammer,  may  be  raised  with 
the  least  force  ;  that,  when  it  is  raised  to  a  proper  height, 
it  readily  disengages  itself  and  tails  with  the  utmost  free- 
dom ;  that  the  forcepi  or  tongs  are  lowered  down  speedily, 
and  instantly  of  themselves  again  lay  bold  of  tbe  ram, 
M)d  lift  it  up  ;  on  which  account  this  machine  will  drive 
the  greatest  number  of  piles  in  the  least  ttme,  and  with 
the  fewest  labourers. 

This  engine  was  placed  upon  a  barge  on  the  water,  snd 
so  was  easily  conveyed  to  any  place  desired.  The-ram 
was  a  ton  weight ;  and  tbe  guides  b,  b,  by  which  it  was  let 
fall,  were  30  feet  high. 

A  new  machine  for  driving  piles  has  been  invented 
lately  by  Mr.  S.  Bunce  of  Kirby-street,  Hat  ton-street, 
London.  This,  it  is  said,  will  drive  a  greater  number  of 
piles  in  a  given  time  then  any  other  ;  and  that  it  can  be 
constrjctedmorcsimply  to  work  by  horses  than  Vauloue's 
engine  above  described. 

Fig.  3  and^  plate  Si,  represent  a  side  and  front  section 
of  the  machine.  The  chief  parts  are,  a,  fig, 3,  which  art 
two  endless  ropes  or  chains,  connected  by  cross  pieces  of 
iron  B  (fig.  4}  corresponding  with  two  cross  grooves  cut 
diametrically  opposite  in  the  wheel  c  (fig.3)  into  wbicb 
they  are  received  ;  and  by  which  mean*  the  rope  or  chain 
A  is  carried  round,  fiik  is  a  sidoviewofastrong  wooden 
frame  moveableonthcaxisH.  Disawbee|,overwhicfatbe 
chain  passes  and  turns  within  at  tbe  top  of  the  frame.  It 
moves  occasionally  from  v  to  Q  upon  the  centre  a,  and  is 
kept  in  tbe  position  t  by  the  weight  i  fixed  to  the  end  k. 
In  fig.  6,  L  is  the  iron  rara,  which  is  connected  with  the 
cross  pieces  by  the  hook  m,  h  is  a  cylindrical  piece  of 
wood  suspended  at  the  hook  at  o,  which  by  sliding  freely 
upon  the  bar  that  connects  the  b^ok  to  the  ram,  always 
brings  the  book  upright  upon  the  chain  when  at  tbq  bot- 
tom of  the  machine,  in  the  position  of  OP.     Saefig.3. 

When  the  roan  at  a  turns  the  usual  crane-work,  the  ram 
being  connected  to  the  chain,  and  passing  between  the 
guides,  it  is  drawn  up  in  a  perpendicular  direction  ;  and 
when  it  is  near  the  top  of  tbe  machine,  tbe  projecting  bar 
Q  of  tb«  hook  strikes  against  a  cross  piece  of  wood  at  k 
(lig.3);  and  consequently  discharges  the  ram,  while  tha 
weight  1  of  the  moveable  frftme  instantly  draws  the  uppet 
wheel  into  the  portion  shown  at  >,  and  keeps  tbe  chain 
free  of  the  ram  iniu  descent.  The  book,  while  dticend- 
2B  2 
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ing,  it  prevented  from  catching  the  chain  by  ine  wooden 
piece  V  :  Tor  ihat  piece  being  specifically  lighter  than  ihc 
iron  wei^it  below,  and  moving  with  a  less  degree  of  velo- 
city, cannot  come  into  contact  with  ihe  iron,  till  it  is  at 
the  bottom,  and  the  ram  stops.  It  then  falls,  and  again 
connects  the  hook  with  the  chaiq,  which  draws  up  theT)tm, 
■s  before. 

Mr.  Bunce  hu  made  a  model  of  this  machine,  which 
perforins  perfectly  welt :  and  he  observes,  that,  as  the  mo- 
tion of  the  wheel  c  is  uninterrupted,  there  appears  to  be 
the  least  possible  time  lost  in  the  operation. 

File  is  also  ubed  among  Architects,  for  a  mass  or  body 
of  building. 

Pile,  in  Artillery,  denotes  a  collection  or  heap  of  shot 
or  shells,  piled  up  by  horizontal  courses  intoeithcra  pyra- 
midal or  else  a  wedge-like  form  ;  the  base  being  an  equilo' 
teral  triangle,  a  square,  or  a  rectangle.  In  ihc  triangle  and 
square,  the  pile  terminates  in  a  single  ball  or  point,  and 
forms  a  pyramid,  as  in  plate  2i,  fig.  4  and  5,  but  with 
the  rectangular  base,  it  finishes  at  top  in  a  row  of  b^ls,  or 
■n  edge,  forming  a  wedge,  as  in  fig.  o. 

In  the  triangular  and  square  pil^,  the  niirober  of  bori- 
aontal  rows,  or  courses,  or  rhe  number  counted  on  one  of 
the  angles  from  the  bottom  to  the  top,  is  always  equal  to 
the  number  counted  on  one  side,  in  the  bottom  row.  And 
lio  rectangular  piles,  the  number  of  rows,  or  courses,  is 
equal  to  the  number  of  balls  in  the  breadth  of  the  bottom 
row,  or  shorter  side  of  the  base;  also,  in  this  case,  the 
number  in  the  top  row,  or  edge',  is  one  more  than  the  dif- 
ference between  the  length  and  breadth  of  the  base.  All 
which  isevident  from  iheinspection  of  the  figures,  as  above. 

The  courses  in  these  piles  are  figurate  numbers. 

In  a  triangular  pile,  each  horizontal  course  is  a  trian- 
gular number,  produced  by  taking  the  successive  sums  of 
ibe  ordinate  numbers,  viz. 


1 


1 


=     3 
=    6 

1  -I-  2  +  3  H-  4  =  10,  Ac. 
And  the  number  of  shot  in  the  triangular  pile,  is  the 
sum  of  all  these  triangular  numbers,  taken  as  far,  or  to  as 
many  terms,  as  the  number  in  one  side  of  the  base.  There- 
fore, to  find  this  sum,  or  the  number  of  all  the  shot  in 
'  the  pile,  multiply  continually  together,  the  number  in  one 
side  of  the  base  row;  and  that  number  increased  by  1 ,  and 
the  same  number  increased  by  2  ;  then  ^  of  the  last  pro- 
dact  will  b«  the  answer,  or  number  of  all  the  shot  in  the 
pile.  That  is,  4  n .  n  -<-  l .  n  +  2  is  the  sum ;  where  n  is 
the  number  in  die  bottom  row. 

Again,  in  square  piles,  each  horizontal  course  is  a  square 
number,  produced  by  taking  the  square  of  the  number  in 
its  side,  or  the  successive  sums  of  the  odd  numbers,  thus, 
1  =1 

1-4-3  =     ♦ 

1  -1-  3  -t-  5  «=    9 

•  I  -^  S  -t-  5  -h  7  =  16,  &c 
And  the  number  of  shot  in  the  square  pile  is  the  sum 
of  all  these  square  numbers,  continued  so  far,  or  to  as 
many  terms,  as  the  number  in  one  side  of  the  base.  There- 
fore, to  find  this  sum,  multiply  continually  together,  the 
number  in  one  side  of  the  bottom  course,' and  that  num- 
ber increased  by  1 ;  and  double  the  same  number  in- 
creased by  1 ;  then  \  of  the  last  product  will  be  the  sum 
or  answer.  That  is,  {n  .  n  -1-  1 .  9n  -t-  1  is  the  sum. 
-    In  a  Kectaugular  pilei  each  horizontal  course  is  a  rect- 
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angle,  whose  two  sides  have  always  the  same  difierencc  as 
those  of  the  base  course,  and  the  breadth  ilf  the  lop  row, 
or  edge,  being  only  1  :  because  each  course  ip  ascending 
has  its  length  ami  breadth  always  less  by  1  than  the  course 
next  beloH-  it.  And  these  rectangular  courses  are  found 
by  multiplying  successively  the  lUrms  or  breadths  1,  2,  3, 
4,  &c,  by  the  same  terms  added  to  the  constant  difkrencu 
of  the  two  sides  1^;  thus, 

1  .1  -*■  d  =    1  +     d 
S.2-f(f=    4  +  Srf 
3  .3  -1-  ri  =    9  -*-  Sd 
*  .  *  +  d  =  16  ■*-  id.  Sic. 
And,.the  number  of  shot  in  the  rectangular  pile  is  the 
sum  of  all  these  rectangles,  which  evidently  consist  of  the 
sum  of  Ihe  squares,  together  with  the  sura  of  an  arithme- 
tical progression,  continued  till  the  number  of  terms  be 
ihe  difference  between  the  length  and  breadth  of  the  base, 
and  1  less  than  the  edge  or  top  row.     Thertfore,  to  find 
this  sum,  multiply  continually  togetber,the  number  in  the 
breadth  of  the  base  tow,  the  same  number  increased  by  I, 
and  double  the  same  number  increased  by  1,  and  also  in- 
creased by  triple  the  difference  between  Ihe  length  and 
breadth  of  the  base  ;   then  J  of  the  last  product  will  be  tba 
.answer.     That  is,  JA  .  6  -t-  1  .  36  -1-  3rf  -t-  1  is  the  sum  : 
where  b  is  the  breadth  of  the  base,  and  dThc  difference  be- 
tween the  length  and  breadth  of  the  bottom  course. 

As  to  incomplete  pijes,  which  are  only  frustums,  as 
wanting  a  similar  small  pile  at  the  top ;  it  is  evident  that 
the  numbar  in  them  will  be, found,  by  first  computing  the 
number  in  the  whole  pile,  as  if  it  were  complete,  and  alM 
the  number  in  the  small  pile  wanting  at  top,  both  by  their 
proper  rule  i  then  subtracting  the  one  number  from  the 
other. 

In  piling  of  shot,  when  room  is  an  object,  it  may  be 
observed  that  the  square  pile  is  the  least  eligible  of  any, 
as  it  takes  up  more  room,  in  proportion  to  the  number  of 
shot  contained  in  it,  than  either  of  the  other  two  forms; 
and  that  the  rectangular  pile  is  the  most  eligible,  as  tak- 
ing up  the  least  room  in  proportion  to  the  number  it  cott- 
taiiis. 

PILLAR,  a  kind  of  irregular  column,  round,  and  inr 
sulated,  or  detached  from  Ihe  wall.  Pillars  are  not  re- 
stricted to  any  rules,  iheir  parts  and  proportions  being  ar- 
bitrary; such  for  example  as  those  that  support  Saracenic. 
vaults,  and  other  buildings,  &c. 

PINGRE'  (ALEXANnEK  Gov),  a  French  astronomer, 
was  born  at  Paris  in  ITU  ;  and  died  in  1 796,  at  85  years 
of  age.  He  applied  with  great  assiduity  to  scientific  pur- 
suits, and  became  librarian  of  St.  Genevieve  at  Paris.  Tn 
1760  he  was  sent  to  the  South  sea,  to  observe  the  ap- 
proaching transit  of  Venus  over  the  sun's  disk.  He  was 
afterwards  employed  in  proving  the  going  of  the  time- 
pieces of  M,  Leroy.  He  was  fiist  admitted  a  member  of 
the  Academy  of  Sciences;  and  afterwards  of  the  National 
Institute.  M.Pingr^'s  works  chiefly  are  ;  1.  State  of  tha 
Heavens  from  175*  to  1757.  3.  Memoirs  of  Discoveries 
made  in  [he  South  sea,  4to.  3.  Historical  and  Theoretical 
I'reaiise  on  Comets,  2  vols.  4to.  4.  Translation  of  Mani- 
lius's  Astronomies,  8vo.'  5  History  of  Astronomy  in  the 
17th  century. 

PINION,  in  Mechanics,  is  an  arbor,  or  E{Mndle,  in  the 
body  of  which  are  several  noiche^  which  are  catched  by 
the  teeth  of  a  wheel  that  serves  to  turn  it  round.  Or  a 
pinion  is  any  lesser  wheel  that  plays  in  the  teeth  of  a  lai^c. 

In  a  watch,  &c,  (be  notches  of  a  pinioa  arc  called 
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Jesvei,  and  not  teeth,  as  in  other  wheels;  and  their  num- 
ber is  commonly  4,  5,  6,  S,  &c. 

Pinion  o/IUpon,  isihatpinion,  in  awatcfa,  commonly 
fixed  on  the  arbor  of  a  great  wheel;  and  which  used  to 
have  but  four  leaves  in  old  watches:  it  drives  the  dial- 
wheel,  and  carries  about  ihe  hand.  The  [lumber  of  turns 
to  be  laid  upon  the  pinion  of  report,  is  fotind  by  this  pro- 
portion :  as  the  bi'sts  in  one  turn  of  the  great  wheel,  are 
to  the  beats  in  tin  hour,  so  are  the  hmirs  on  the  face  of 
the  clock  (viz  13  or  34),  to  the  quotient  of  the  hour- 
wheel  or  dial-wheel  divided  by  the  pinion  of  report,  that 
is,  by  the  number  of  turns  which  the  pinion  of  report 
makes  in  one  turn  of  the  dial-wheel:  which  in  numbers 
is  26928:20196::  12  :  9.— Or  thus;  as  the  hours  of  the 
watch's  going,  are  to  the  numbers  of  the  turns  of  the 
fusee,  so  are  the  hours  of  the  face,  to  the  quolieot  of  the 
pinion  of  report.  So,  if  the  hours  be  IS,  then  as 
16:  12::  12:9;  but  if  24,  then  as  16: 12  : :  24:  16. 

This  rule  may  serve  to  lay  the  pinion  of  report  on  bny 
other  wheel,  thus:  as  the  heats  in  one  turn  of  any  wh^cl, 
are  to  the  beats  in  an  hour,  so  are  (he  hours  of  the  face, 
or  dial-plate,  of  the  watch,  to  the  quotient  of  the  dial- 
wheel  divided  by  the  pinion  of  report,  fixed  on  the  spindle 
of  the  aforesaid  wheel. 

PINT,  »  measure  of  capacity,  being  the  Slh  part  of  a 
gallon,  both  in  ale  and  wine  measure,  &c.  The  wine  pint 
contains  39  cubic  inches;  and  the  a1e  pint  35}  cubic 
inches.  The  wine  pint  of  pure  spring  water,  weighs  near 
17  ounces  avoirdupois,  and  the  ale  pint  a  little  above  20 
ounces. — The  Paris  pint  contains  about  3  pounds  of  com- 
mon water.  And  the  Scotch  pint  contains  108}  cubic 
inches,  and  therefore  contains  3  English  pints. 

PISCES,  the  ]2th  sign  or  ponstellation  in  theiodiac; 
in  the  form  of  two  fishes  tied  together  by  the  tails.  The 
Greeiis,  who  have  some  fable  to  account  for  the  origin  of 
every  constellation,  tell  us,  that  when  Venus  and  Cupid 
were  one  time  on  the  banks  of  the  Euphrates,  there  ap- 
peared before  them  that  terrible  giant  Typhon,  who  was 
■o  long  a  terror  to  all  the  gods.  These  deities  imme- 
diately, they  say,  threw  themselves  into  the  water,  and 
were  there  changed  into  these  two  fishes,  the  Pisces,  by 
which  tbey  escaped  the  danger.  But  the  Egyptians  used 
the  signs  of  the  zodiac  as  part  of  their  hieroglyphic  lan- 
guage, and  by  the  12  they  conveyed  an  idea  of  the  pro- 
per employment  during  the  13  months  of  the  year.  The 
Ram  and  the  Bull  had,  at  that  time,  taken  to  the  increase 
of  their  flock,  the  young  of  those  animals  being  then 
growing  up ;  the  maid  Virgo,  a  reaper  in  ~the  field,  spoke 
the  approach  of  harvest;  Sagitlary  declared  autumn  the 
time  for  hunting;  and  the  Pisces,  or  fishes  tied  together, 
jn  token  of  their  being  taken,  reminded  men  that  the  ap- 
proach of  spring  was  the  time  for  fishing. 

The  ancients,  as  they  gave  one  uf  the  12  months  of  the 
year  to  the  patronage  of  each  of  the  12  superior  deities, 
so  they  also  dedicated  to,  or  put  under  the  tutelage  of 
eacl>t  one  of  the  13  signs  of  the  itodiac.  In  ihisdivisioft,. 
the  fishes  naturally  fell  to  the  share  of  Nf ptune ;  and 
hence  arises  that  rule  of  the  astrologers,  which  throws 
every  thing  that  regards  the  fate  of  fleets  and  merchan- 
dise, under  the  more  immediate  patronage  and  protection 
of  this  constellation. — ^The  stars  in  the  sign  Pisces  are,  in 
Pt>^em/s  tatalogue  38,  in  Tycho's  36,  in  Hevelius'a  39, 
and  in  the  Britannic  catalogue  113. 

PISCIS  ..AMro/u,  the  Southern  Tub,  is  a  constellation 
of  the  southern  hemisphere,  being  one  of  the  old  48  con-  ' 
stfUationi  mentioned  by  the  ancient;.    The  Cireeks^ve 


here  again  the  &b1e  of  Venus  and  her  ton  throwing  them- 
selves into  the  sea,  to'  escape  from  the  terrible  Typhon. 
This  fable  is  probably  borrowed  from  the  hieroglyphics  of 
the  Egyptiatis.  With  them,  a  fish  represented  the  bca,  its 
element;  and  Typhon  was  probably  a  land  flood,  per- 
haps represented  by  the  sign  Aquarius,  or  water-pourer, 
whose  stri'am  or  river  is  represented  as  swallowed  up  by 
this  fish,  as  the  land  floods  and  rivers  are  by  the  sea.  And 
Venus  was  some  queen,  perhaps  Semiratnis,  otherwise 
called  Hamamah,  who  took  to  the  river  or  the  sea  with 
her  son,  in  a  vessel,  to  avoid  ihu  flood,  ice.  The  remark- 
able star  Fomahatit,  of  the  1st  magnitude,  is  just  in  the 
mouth  of  this  tiah.  The  stars  of  this  conilellatiun  are,  it] 
Ptolemy's  catalogue  18,  and  in  Flamstecd's  24. 

P1SC13  Volana,  the  Flying  Fish,  is  a  small  constellation 
of  the  southern  hemisphere,  unknown  to  the  ancients, 
being  added  by  the  moderns.  It  is  not  visible  in  our  lati- 
tude, and  conuins  only  8  stars. 

PISTOLE,  a  gold  coin  in  Spain,  Italy,  Switzerland,  Ac, 
of  the  value  of  about  16j.  6d, 

PISTON,  a  pan  or  member  in  several  machines,  pmri^ 
cutarly  pumps,  air-pumps,  syringes,  &c  ;  called  also  the 
em  bolus,  and  popularly  the  sucker,  The  piston  of  a  pump 
IS  a  short  cylinder  of  wood  or  metal,  fitted  e:tacily  to  the 
cavity  of  the  barrel,  or  body  ;  which,  being  worked  up 
and  down  alterftatcly,  raises  the  water  ;  and  when  raised, 
presses  it  again,  so  as  to  make  it  force  np  a  valve  with 
which  it  is  furnished,  "and  so  escape  through  the  spout  of  ' 
the  pump.  There  are  two  sorts  of  pistons  used  in  pumps ; 
the  one  with  a  valve,  called  a  bucket ;  and  the  other  with- 
outa  valve,  called  a  forcer. 

PITCH,  in  Music,  is  the  acuteness  or  graveness  of  any 
particular  sound,  or  of  the  tuning  of  any  instrument.  A 
sound  less  acute  than  some  other  sound  with  which  it  is 
compared,  is  said  to  be  of  a  lower  pilch  than  that  other 
sound  ;  and  vice  versa. 

PITISCUS  (Bartholomew),  a  German  mathemati- 
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able  mathematical  works:  l.Trigononietria  first,  published 
at  Frankfort,  in  1599.  alargevol.  in  4to,  being  a  very  com- 
plete work  on  that  science,  wil  h  very  large  tables  of  sines, 
tangents,  and  recants  :  it  afterwards  went  through  several 
editions,  and  was  translated  into  English  by  Handson,  in 
1614.  SeemyTracts,vol.l,pa.294.— 2.ThusaurusMathe- 
raaticus,  in  folio,  I6l3,  being  an  edition  of  the  large  tables 
of  Rheiicus,  with  all  the  numerous  errors  corrected. 

PITOT  (Henry),  a  French  mathematician,  was  born 
at  Arathont  in  Languedoc,  1695,  and  died  there  in  1771, 
in  his  77lh  year.  Pitot  learned  the  mathematics  without 
a  master,  and  repaired  to  Paris  in  1728,  where  he  was  ad- 
mitted ^  member  of  the  Academy  of  Sciences  in  1724. 
Besides  a  vast  number  of  his  memoirs  printed  in  the  Aca- 
demy's collection,  he  published  in  i731  the  Theory  of  ihe 
Working  of  Ships,  in  1  vol.  4tn  ;  a  work  of  considerable 
merit,  which  was  translated  into  English,  and  procured 
the  author's  admission  into  the  Royal  Society  of  London. 
in  1740,  the  states-general  of  Languedoc  appointed  him 
their  chief  engineer,  with  the  office  of  inspector-general  of 
the  canal  which  joins  the  two  seas.  That  province  is  in- 
debted to  him  for  several  valuable  monumerrts  of  his 
genius  ;  and  be  conducted  to  Montpellier  a  copious  sup- 
ply of  water,  from  a  distance  of  9  miles,  a  work  which  is 
the  admiration  of  all  strangers. 

PLACK,  in  Philosophy,  thai  part  of  infinite  space  whick 
any  body  possesses,  Aristotle  and  bit  followers  divide 
place  into  External  and  Internal. 
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■Internal  Place,  is  that  space  ot  room  which  the  body 
COD  tains.     And 

Eitffnud  Place,  is  thai  which  includes  or  contains  the 
body;  which  is  by  Aristot,lc  called  the  first  or  concave 
and  immoveable  surface  of  the  ambient  body, 

Newton,  bcttLT,  nnd  more  intelligibly,  distinguishes 
place  into  absolute  and  relative,  ' 

Abmivle  and  Primaiy  Pla6  b,  is  that  part  of  inliDite  and 
immoveable  space  which  a  body  possesses.     And 

Relative,  or  Secoadajy  Place,  is  the  space  it  possesses 
con»dered  with  regard  to  other  adjacent  objcctn. 

Dr.  Clark  adds  another  kind  of  relative  place,  which  he 
calls  relatively  common  place ;  and  defines  It,  that  part  of 
any  moveable  or  measurable  space  which  abody  possesses; 
which  place  moves  together  with  the  body. 

Place,  Mr.  Locke  observea,  is  sometimes  likewise  taken 
for  that  pottion  of  infinite  space  possessed  by  the  material 
world  ;  though  this,  be  adds, 
extension.     The  proper  idea  of  place. 


Geometrical  PtAK,  is  that  in  which  the  soHd  and  wcant 
parts  are  represented  in  their  natural  proportion. 

Raited  Plan,  is  t,hat  where  the  elevation,  or  upright,  is 
shown  upon  the  geometrical  plan,  so  as  to  hide  the  distri- 
bution. 

PeT^eciiee  Plan,  is  that  which  is  conducted  and  exhi- 
bited by  degradations,  or  diminutions,  according  to  the 
rules  of  perspective. 

PLANE,  or  Plaiv  ,  in  Geometry,  denotes  a  plane  figure, 
or  a  surface  lying  evenly  between  its  bounding  lines  :  Ku- 
clid.  Some  define  a  plane,  a  surface,  from  every  point  of 
whose  perimeter  a  right  line  may  be  drawn  to  every  other 
point  in  tbe  same,  and  always  coinciding  with  iL — As  the 
right  line  is  the  shortest  extent  from  one  point  to  another, 
so  is  a  plane  the  shortest  extension  heiwecQ  one  line  and 
another. 

Planes  are  much  used  in  astronomy,  conic  sections, 
;  properly  called  spherics,  &c,  for, imaginary  surfaces,  supposed  to  cut  and 
lording  to  him;  is    pass  through  solid  bodies.     When  a  plai 


the  relative  position  of  any  thing,  with  regard  to  its  dis-     rallel  to  one  »ide,  it  makes  a.  parabola  i  when  it  cuts  the 
stance  from  certain  fixed  points;  whence  it  is  said  a  thing     coneobliciuely,  an  ellipse  or  hyperbola;  and  when  parallel 
'    iged  place,  when  its  distance  is  or  is  not     t<>  its  base,  a  circle.    Every  section  of  a  sphere  is  a  circle. 


altered  with  respect 

Place,  in  Optics,  or  Optical  Place,  is  the  point  to 
trhich  the  eye  refers  an  object. 

<^lic  Place  of  &  star,  is  a  point  in  the  surface  of  the 
mundane  sphere  in  which  a  s[>e  eta  tor  sees  the  centre  of  the 
star,  &c. — This  is  divided  into  True  and  Apparent. 


3Vw,  or  Real:  Optic  Place,  is  that  point  of  the  surfaca     posed  to  be  described. 


The  sphere  is  wholly  explained  by  planes,  conceived  t 
cut  the  celestial  bodies,  and  to  fill  the  areas  or  circum- 
'  ferences  of  the  orbits  :  and  in  estimating  their  inclination, 
they  are  all  referred  to  the  plane  of  the  earth's  orbit,  or 
plane  of  the  ecliptic. 

'.qfo  Dial,  is  the  lurface  on  which  a  dial  is  sup- 


of  the  sphere,  where  a  spectator  at  the  centre  of  the  earth 
would  see  the  stav,  &c. 

ApparerU,  or  Fiiible  Optic  Place,  is  that  point  of  the 
surface  of  the  sphere,  where  a  spectator  at  the  surface  of 
ihc  earth  sees  the  star,  &c. — The  distance  between  these 
two  optic  places  makes  what  is  called  the  parallax. 

Place  Cfftke  Sun,  or  Moon,  or  Star,  or  Planet,  in  Astro- 
nomy, simply  denotes  the  sign  and  decree  of  the  zodiac 
which  the  luminary  is  in ;  and  is  usually  expressed  either 
by  its  latitude  and  longitude,  or  by  its  right  ascension  and     the  direction  of 
declination.  '  horiion. 

Place  (^Radiation,  in  Optics,  is  the  interval  or  space 
in  a  medium,  or  transparent  body,  through  which  any  vi- 
sible object  radiates. 

'  Place,  in  Geometry,  ufuall^  called  Locta,  isa  line  used 
in  the  solution  of  problems,  being  that  in  which  the  deter- 
mination of  every  case  of  tha  problem  lies.  See  Lticus, 
Plane,  Single,  Solid,  &c. 

Place,  in  War  and  Fortification,  a  general  name  for 
«11  kinds  of  fortresses,  where  a  party  may  defend  them- 
•elves. 

Place  qfArnu,  a  strong  part  where  the  arms  See,  are 
deposited,  and  where  usually  the  soldiers  assemble  and  are 
drawn  up. 

PLAFOND,  or  Platfohd,  in  Architecture,  the  ceiling 
«f  aroom. 

PLAIN  &c.     SeePLAKE. 

PLAN,  a  representation  of  something,  drawn  on  a  plane. 
Such  as  maps,  charts,  and  ichnographies. 

Plan,  in    Architecture, 
draught  of  a  building  ;  such 


PiaKe,  in  Mechanics,  A  Honxonfo/ Plane,  isa  plane 
that  is  level,  or  parallel  to  the  horizon. 

Inclined  Flade,  is  one  that  makes  an  oblique  angle  with 
a.  horisoiitat  plane.  The  doctrine  of  the  motion  of  bodies 
on  inclined  planes,  makes  a  very  considerable  article  in 
mechanics,  and  has  becnfuUy  explained  under  the  articles. 
Mechanical  Poweri,  and  Inclined  Plant, 

Plane  of  Gravity,  or  Gravitation,  is  a  plane  supposed 

to  pass  through  the  centre  of  gravity  of  the  body,  and  in 

"  '   tendency  ;  that  is,  perpendicular  to  tht 

Plank  <f  Refiection,  in  Catoptrics,  is  a  plane  which 
passes  through  the  point  of  refieclion;  and  is  perpendi- 
cular to  the  plane  of  the  glass,  or  reflecting  body. 

Plane  <if  Refraction,  is  a  plane  passing  through  the  in- 
cident and  refracted  ray. 

PertpecficePLANE,  isa  plane  transparentiurbce,  usually 
perpendicular  to  the  horizon,  and  supposed  to  be  placed 
between  the  spectator's  eye  and  the  object  he  views ; 
through  which  the  optic  rays,  emitted  from  the  several 
points  of  the  object,  are  supposed  to  pass  to  the  eye,  and 
in  their  passage  to  leave  marks  that  represent  them  on  the 
said  plane. — Some  call  this  the  table,  os  picture,  because 
the  draught  or  perspective  of  the  object  is  supposed  to  be 
upon  it.  Others  call  it  the  section,  from  its  cutbog  the 
visual  rays ;  and  others  again  the  gloss,  from  its  supposed 
transparency.  - 

Geometrical  Plane,  in  Perspective,  is  a  plane  parallel 
to  die  horizon,  upon  which  the  object  is  supposed  to  be 
particularly  used  for  a     placed  that  is  to  be  drawn. 
it  appears,  or  is  intended         Horizontal  Plank,  in  Perspective,  is  a  plane  passiiig 


to  appear,  on  the  ground  ;  showing  the  extent,  division,  through  the  spectaloi's  eye,  parallel  to  the  horizon, 
and  diitiibulion  of  its  area  into  apartments,  rooms,  pas-         Vertic^  Flans,  in  Perspective,  is  a   plane  passing 

sages,  &c.     It  is  also  called  the  ground  plot,  platform,  and  through  the  spectator's  eye,  perpendicular  to  the  geom*- 

icbnography  of  the  building ;  and  is  the  first  device  or  trical  plane,  and  usually  at  right  angles  to  the  perspective 

sketch  the  architect  makes.  plane. 
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O^ective  Plame,  in  Perepecdve,  is  any  plane  ntuata  in 
the  horizontal  plsne,  of  which  the  r^resenUtion  in  per- 
■pective  is  required. 

Plane  ofiAe  Horopter,  in  Optics,  is  a  plane  passing 
through  the  horopter  ab,  aiid  perpendicular  to  a  plane 
passing  through  the  two  optic  axes  ca  and  ci.  See  the 
fig.  to  the  article  HoKOPTEa. 

Plane  ofilie  Projection,  is  tb6  plane  upon  which  the 
sphere  is  projeclcd. 

Pla'nb  Angle,  is  an  angle  contained  under  two  right 
lines  or  surfaces.— It  is  so  called  in  contradistinction  to  a 
■olid  angle,  which  is  formed  by  three  or  more  planes ;  and 
to  a  spherical  angle,  contained  between  two  arcs  of  great 
circles  on  a  sphere. 

Plane  Triangle,  is  a  triangle  t^tmetl  hy  three  right 
lines ;  in  opposition  to  a  spherical  and  a  mixt  triangle. 

Plane  IVigonoiiietiy  is  the  doctrine  of  plane  triangles, 
their  measurea,  proportions,  &c. 

Plane  Glau,  or  Mirror,  in  Optics, is  aglass  or  mirror 
having  a  fiat  or  even  surface. 

Plane  Chart,  in  NHvigHtion,  is  a  sea-chart,  having  the 
IDeridtans  and  parallels  represented  by  parallel  straight 
lines;  and  consequently  having  the  degrees  of  longitude 
the  same  iu  every  part.     Sci-Chabt. 

Pla'ne  Number,  is  that  which  may  be  produced  by  the 
multiplication  of  twojiumbers,  the  one  by  the  other. 
Thus,  ti  is  a  plane  number,  being  produced,  by  the  multi- 
plication of  the  two  numbiTS  9  and  3  ;  «lso  1.5  is  a  plane 
number,  being  produced  by  the  multiplication  of  the 
numbers  3  "and  6.     See  NuMBEa. 

Plane  Place,  Locui  Planus,  or  Lticut  ad  Planum,  is  a 
term  used  by  the  ancient  geometricians,  for  a  geometrical 
locus,  when  it  was  a  right  line  or  a  circle,  in  opposition  to 
a  solid  place,  which  was  one  of  the  conic  sections,  lliese 
^lane  loci  are  distinguished  by  the  moderns  into  loci  ad 
rectum,  and  loci  ad  circutum.  -  See  Loci;s. 

Plase  Problem,  is  such  a  one  as  cannot  be  resolved 
geometrically,  bot  by  the  imersection  either  of  a  right 
line  and  a  circle,  or  of  the  circumferences  of  two  circles. 
Such  as  the  following :  viz.  Given  the  hypothenuse,  and 
the  sum  of  the  other  two  sides,  of  a  right-angled  triangle ; 
to  lind  the  triangle.  Or  this :  Of  four  given  lines  to  form 
a  trapeiium  of  a-  given  area. 

Plane  Sailing,  in  Navigation,  is  the  art  of  working  the 
several  coses  and  varieties  in  a  ship's  motion  on  a  plane 
chart;  or  of  navigating  a  ship  npon  principles  deduced 
from  the  notion  of  the  earth's  being  an  extended  plane. 
This  principle,  though  notoriously  false,  yet  places  being 
laid  down  accordingly,  and  a  long  voyage  broken  into 
many  short  ones,  the  voyage  may  be  performed  tolerably 
well  by  it,  especially  near  the  same  meridian. 

In  plain  sailing,  it  is  supposed  that  these  three,  the 
rhumb  line,  the  meridian,  and  parallel  of  latitude,  will  al- 
ways form  a  fight-angled  triangle ;  and  to  posited,  as  that 
the  perpendicular  side  will  represent  part  of  the  meridian, 
or  north  and  south  line,  containing  the  difference  of  lati- 
tude ;  [he  base  of  the  triangle,  the  departure,  or  east  and 
west  line  ;'anil  the  hypothenuse  the  distance  sailed.  The 
angle  at  the  vertex  is  the  course ;  and  (he  angle  at  the  base, 
the  complement  of  the  course;  any  two  of  which,  besides 
the  right  angle,  hetng  given,  the  triangle  may  beproiracted, 
and  the  other  three  parts  found.^ — For  the  doctrine  of 
plane  sailing,  *ce  Sailinp- 

Planb  Scale,  is  a  thin  ruler,  on.whidi  are  graduated 
the  lines  of  chords,  sines,  tangents,,  secants,   leagues, 
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rhumbs.  Sec ;  being  of  great  use  in  most  puts  of  the  ms- 
thematics,  but  especially  in  navigation.  Seeitsdwcription 
and  use  under  Scale. 

Plane, 3bi/e,  an  instrument  much  used  in  land-sur- 
veying; by  which  the  draught  or  plan  is  taken  upon  the 
spot,  as  the  survey  or  measurement  goes  oil,  without  any 
future  protraction,  or  plotting.  This  instrument  consists 
of  a  plane  rectangular  board,  of  any  conveiiicDl  sixe,  the 
centre  of  which,  when  used,  is  fixed  by  m«ns  of  screws 
to  a  three-legged  stand,  having  a  ball  and  socket,  or  uni- 
versal joint,  at  the  top,  by  means  of  which,  when  the  legs 
are  fixed  on  the  ground,  the  table  is  inclined  in  any  direc- 
tion.    To  the  table  belongs, 

1.  A  frame  of  wood,  made  to  fit  round  its  edges,  for  the 
purpose  of  fixing  a  sheet  of  paper  upon  the  table.  The 
orfe  side  of  this  fratne  is  usuiilly  divided  into  equal  parts, 
by  which  to  draw  lines  across  the  tabh-,  pai^llel  or  per- 
^ndicular  to  the  sides;  and  the  other  side  of  the  frame  is 
divided  into  36o  degrees,  from  a  centre  which  is  in  the 
middle  of  the  tabic  ;  by  means  of  which  the  table  is  to  be 
used  as  a  theodolite,  &c. 

2.  A  magnetic  needle  and  compass  screwed  into  thesidc 
of  the  table,  to  point  out  directions  and  be  a  check  upou 
the  sights. 

3.  An  index,  which  is  a  brass  two-foot  scale,  either  with 
a  small  telescope,  or  open  sights  erected  perpendicularly 
upon  the  ends.  These  sights  and  the  fiducial  edge  of  the 
index  are  parnllel,  or  in  the  same  plane. 

General  Ute  of  the  Plane  TabU. 

To  use  this  instrument  properly,  take  a  sheet  of  writing 
or  drawing  paper,  and  wet  it  to  muke  it  expuJid;  then 
spread  it  fiat  upon  the  table,  pressing  down  the  frame  upon 
the  edges,  to  stretch  it,  and  keep  it  fixed  there  ;  and  when 
the  paper  is  become  dry,  it  will,  by  shrinking  again,  stretch 
itself  smooth  and  flat  from  any  cramps  or  unevenness. 
Upon  this  paper  is  to  be  drawn  the  plan  or  form  of  the 
thing  measured. 

The  general  use  of  this  instmment,  in  lan'd- surveying, 
is  to  begin  by  setting  up  the  table  at  any  part  of  the 
ground  you  think  the  most  proper,  and  make  a  point  upon 
a  convenient  part  of  the'  paper  or  table,  to  represent  that 
point  of  the  ground ;  then  fix  in  that  point  of  the  paper 
one  leg  of  the  compasses,  or  a  fine  steel  pin,  and  apply  to 
it  the  fiducial  edge  of  the  index,  moving  it  round  the  table, 
close  by  the  pin,  till  thrqugh  the  sights  you  perceive  some 
point  or  remarkable  object,  as  the  corner  of  a  field,  or  a 
picket  set  up,  tifi'^  and  from  the  station  point  draw  a  dry 
or  obscure  line  along  the  fiducial  edge  of  the  index.  Then 
turn  the  index  to  another  object,  and  draw  a  line  on  the 
paper  towards  it.  Do  the  same  by  another  ;  and  so  on 
till  as  many  objects  are  set  as  may  be  thought  necessary. 
Then  measure  from  your  station  towards  as  many  of  the 
objects  as  may  be  necessary,  and  no  more,  taking  the  re- 
quisite offsets  to  comers  or  crooks  in  the  hedges,  &c ;  lay- 
ing the  measured  distances,  from  a  proper  scale,  down 
upon  the  respective  lines  on  the  paper.  Then  move  tha 
table  to  any  of  the  proper  places  measured  to,  for  a  second 
station,  fixing  it  there  in  the  original  position,  turning  it 
about  its  centre  for  that  purpose,  both  till  the  magnetic 
needle  point  to  the  same  degree  of  the  compass  as  at  first, 
and  also  by  layii^  the  tiducialedge  of  the  index  along  the 
line  between  the  two  stations,  and  turning  the  table  till 
through  the  index  the  former  station  can  be  seen;  and  then 
fix  the  table  there  :  from  this  new  station  repeat  the  same 
operations  as  at  tlie  former ;  setting  several  objects^  that 
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,  drawing  line*  tonards  thtm,  on  the  paper,  by  the  edge    Uarch  13.  1781.   This  planet  wei  first  named,  in  hoRDor 


of  bit  preseDt  majnty,  the  Geoi^um  Sidus,  while  ionic 
astronomen  called  it  Hcnchcl,  from  its  discoverer;  but 
both  these  mines  have  now  given  way  to  that  of  Uranus. 
An  eighth  planet,  Ceret,  was  ditcoveicd  by  Piazit,  at 
Palermo  in  Italy,  January  Ist,  ISOl. 

A  ninth,  Pallas,  was  discovered  by  Dr.  Olben,  at  Bre- 
men, on  March  Sfith,  1802. 

A  tenth,  Juno,  was  first  observed  by  Mr.  Harding,  at 
Lilienthftl  near  firemen,  on  the  1st  of  September  1804. 
And  finally,  another  new  planet,   Vesta,  making  the 
.  ^        .  „        number  of  planets  in  our  system  eleven,  was  discovered 

convenient  for  the     by  Dr.  Olbcrs,  at  Bremen,  March  29th,  1807 ;  being  ibe 
at  the  end     second  that  this  celebrated  astronomer  had  discovered  in 
5  years.     Four  out  of  the  five  new  planets  have  their 
orbits   between   those  of  Mars  and  Jupiter;  ihpse   are 
Vesta,  Juno,  Pallas,  and  Ceres;  but  the  other,  Uranus, 
is  the  highest  in  our  system.    The  order  of  the  planets  is 
therefore  as  follows;  Mercury,  Venus,  Earth,  Mars,  Vesta, 
n  where  the  worL     Juno,  Pallas,  Ceres,  Jupiter,  Saturn,  and  Uranus. 
from  one  sheet  to         The  planets  were  represented  by  the  same  characters  as 
Roochcr,  till  the  whole  work  is  completed.  the  chemists  use  to  represent  their  tnelals  by,  on  account 

But  it  is  to  benotcd,  ttiatifthesaid  joining  lines,  upon     of  some  supposed  analogy  between  those  celestial  and - 
the  old  and  new  shei't,  have  not  the  same  inclination  to     the  subterraneous  bodies.     Thus, 

the  side  of  the  (able,  the  needle  will  not  respect  or  point  Mercury,  the  messenger  of  the  Gods,  represented  by  ^  , 
to  the  original  degree  of  the  compass,  when  th»  (able  is  the  same  as  that  metal,  imitating  a  man  with  wings  on  his 
rectilied.  But  if  the  needle  be  required  to  respect  still  head  and  feci,  is  a  siuall  bright  planet,  with  a  light  tinct 
the  same  degree  of  the  compass,  the  easiest  way  then  of  of  blue,  the  suu's  constant  attendant,  from  whose  side  it 
'  drawing  the  lines  rn  the  same  position,  is  to  draw  them  never  departs  above  28  degrees,  and  by  that  means  is 
both  pHralJel  to  the  same  sides  of  the  table,  by  means  of  usually  hid  in  his  splendour.  It  performs  its  course 
the  equal  parallel  divisions  marked  on  the  other  two  sides 


of'the  index,  measuring  and  laying  off  the  distances.  And 
thus  proceed  from  station  to  station  ;  measuring  only  such 
lines  as  are  necessary,  and  determining  as  many  as  you 
can  by  intersecting  lines  of  direction  drajvO  from  different 
stations. 

0/Shifling  the  Paper  on  the  Plane  Table.  When  one 
paper  is  full  of  the  lines  &c  measund,  and  the  survey  is 
not  yet  completed  ;  draw  a  line  in  any  mannef  through 
the  farthest  point  of  the  last  station  line  to  which  the  work 
can  be  conveniently  laid  down ;  then  take  the  sheet  off  the 
table,  and  fix  another  fair  sheet  in  its  place,  drawing  a 
line  upon  it,  in  a  part  of  it  the  n 
rest  of  the  work,  to  represent  thi 
cf  the  work  on  the  former  paper.  Then  fold  or  cut  the 
old  sheet  by  the  line  drawn  upon  it ;  apply  it  so  to  the  line 
on  the  new  sheet,  and,  as  they  lie  together  in  that  position, 
continue  or  produce  the  lut  sialion  line  of  the  old  sheet 
upon  the  new  one;  and  place  upon  it  the  remainder  of  the 
measurement  of  that  line,  boginu 
left  off  on   the  old  sheet.     And 


of  thefrni 

When  the  work  of  surveying  is  done,  and  you  would 
fasten  all  the  sheets  together  into  one  piece,  or  rough  plan, 
the  aforesaid  line)  are  to  be  accurately  joined  together,  ii^ 
the  same  manner  as  when  the  lines  were  transferred  from 
the  old  sheets  to  the  new  ones. 

PLANET,  or  Wandtring  Star,  in  Astronomy,  is 


iind  him  in  about  3  n 
Venus,  the  goddess  of  love,  marked  9 ,  from  the  figur* 
of  a  woman,  the  wme  as  denotes  copper,  from  a  slight 
tinge  of  (but  colour,  or  verging  to  a  light  straw  colour. 
She  is  a  very  bright  planet,  revolving  next  above  Mer- 
cury, and  never  appears  above  48  degrees  from  the  sun, 
finishing  her  course  about  him  in  about  7  months.  When 
this  planet  goes  before  the  sun,  oris  a  morning  star,  it  has 


leitial    body   revolving  about  tbe  sunv  or  some  other     been  called  Phosphorus,  and  also  Lucifer ;  and  when  fol- 
•  planet,  as  a  centre,  or  focus,  in  nearly  a  circular  orbit,  or     lowing  him,  or  when  it  shines  in  the  evening  as  an  evening 


n  ellipse  of  small  excentricity. 

The  planets  are  usually  distinguished  into  primary  and 
secondary.   . 

Primaiy  Planets,  are  (hoie  that  revolve  about  the 
■un  as  a  centre,  or  focus ;  such  as  Mercury,  Venus,  tbe 
earth,  &c. 

Secondary  VLKHZTi,  arc  such  as  revolve  about  a  pri< 
roary  planet  as  a  centre,  as  the  primary  ones  do  about  the 
sun;    being  more   commonly  called   satellites;  such 


star,  it  is  called  Hesperus. 

Tellus,  tbe  Earth,  next  above  Venus,  is  denoted  by  3, 
and  performs  its  course  about  the  sim  in  the  space  of  a 

Mars,  ihe  god  of  war,  characterised  i  ,  a  man  hold- 
ing out  a  spear,  tbe  same  as  iron,  is  a  ruddy  fieryco- 
lourcd  planet,  and  finishes  his  course  about  tbe  sun  in 
about  2  years. 

Vesta,  Juno,  Pallas,  Ceres,  are  the  planets  nejit  in  or^ 


md  the  satellites  ol  Jupiter,  Saturn,  and  Uranus,     der,  and  their  periods  of  revolution  about  the  sun  are  a 


e  again  distinguished  into  Su- 


Sce^ATELLlT, 

The  primary  planets 
perior  and  Inferior. 

The  Superior  Pkni'ts  are  (hose  which  are  above  the 
earth.orfarflier  from  the  sun;  as  Mars,  Vesta,  Juno,&C. 

Tlie  Inferior  Planets  are  those  that  are  below  the  earth, 
as  Mercury  and  Venus. 

'i'ill  very  lately  the  number  of  the  primary  planets  was     years, 
esteemed  only  .six,  which  it  was  thuujjht  constituted  the         Sati 
whole  of  our   plunetiiry  system  ;  these  were    Mercury, 
Venus,  l':arth.  Mars,  Jupiter,  and  Saturn;  all  of  which 
it  appears  have  been  kmiivn  from  the  highest  antiquity, 

Bui  the  great  perfuciion  to  which  telescopes  have  been 
brought,  has,  within  a  I'uwyears,  nearly  doubled  thenumber 


below:  Vesu  in  days;  Juno  in  2007^  days ;  Pallas 

in  l6aa  days;  and  Ceres  in  1681  days.  These  four  pla- 
nets  are  too  small  to  be  distinguished  by  the  naked  eye.  , 
Jupiter,  the  chief  god,  or  thunderer,  marked  If,  to 
represent  the  thunderbolts,  denoting  the  same  as  tin,  from 
his  pure  white  brightness.  This  planet  is  next  above 
Mars,  and  completes  its  course  round  the  sun  in  about  12 


of  the  planets.    Ur.  Uerschel  discuveied  Uranus  at  Bath,     by  ^ ,  the  initial  of  his 


the  father  of  the  Gods,  is  expressed  bv  ft,  to 
imitate  an  old  man  supporting  himself  with  a  staff,  and  is 
the  saiiie  a^  denotes  lead,  from  his  feeble  light  and  dusky 
colour.  He  revolves  next  above  Jupiter,  and  |>erforms  his 
course  in  about  30  years. 

Lastly,  Uranus,  the  Georgian,  or  Herschel,'  is  denoted 
with  a  cross  fur  the  Chrisr 
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tian  planer,  or  that  ditcovered  by  the  Chriitians.  TbU  is 
the  highest,  or  outermost,  of  tbc  known  planets,  and  ro 
roUee  around  the  sun  in  the  space  of  iibout  90  years. 

It  is  to  be  regretted  that  all  ihe  new  plun^ta  have  not 
.   been  called  by  the  names  of  their  respective  discoverers, 
instead  of  the  fanciful  and  unmeaning  .names  thnt  have 
been  imposed  on  Ibem  by  tbe  continental  astronomeis. 

Froni-  these  descriptions  a  persou  may  easily  distinguish 
all  tbe  old  planets.  For  if,  after  sun-set,  he  sees  a  pTaoet 
nearer  tbe  test  than  the  west,  be  may  conclude  it  is  nei- 
ther Venus  nor  Mercury ;  and  be  may  determine  whe- 
ther it  is  Saturn,  Jupiter,  or  Man,  by  the  colour,  light, 
and  magnitude:  by  which  also  he  may  distinguish  be- 
tween Venus  and  Mercury. 

It  is  probable  that  all  tbe  planets  are  dark  opakc  bodies, 
similar  to  the  earth,  and  for  the  following  reasons. 
'  1.  Because,  in  Mercury,  Venus,'  and  Miirs,  only^bat 
part  of  tbe  disk  is  found  to  shine  which  is  illuminated  by 
the  tun  ;  and  again,  Venus  and  Mercury,  when  between 
tbe  sun  and  the  eartb,  appear  like  macuhe  or  dark  spots 
on  the  sun's  face:  from  which  it  is  evident,  that  thirae 
three  planets  ar6  opake  bodies,  illamiaated  by  the  bor- 
rowed light  of  tlfe  sun.  And  the  same  appears  of  Jupi- 
ter, from  bis  being  void  of  light  in  that  part  to  which 
the  sbadowof  bis  satellites  reaches,  as  w^ll  as  in  that  part 
tOrned  from  tbe  Stfn  :  and  that  bis  s:ttellites  are  opaite, 
and  reflect  tbe  ^un's  light,  like  the  noon,  is  abundantly 
shown.  Moreover,  since  Saturn,  with  his  ring  and  sateU 
litfcs,  and  also  Herscbel,  with  bis  satellites,  oaly  yield  a 
pale  light,  considerably  fainter  than  that  of  the  rest  of  the 
planets,  and  than  tbat  of  the  fixed  stnrs,  though  these  be 
vastly  more  remote;  it  is  past  a  doubt  that  these  planed 
too,  with  their  attendants,  are  opakc  bodies. 

3.  Since  tbe  sun's  light  is  not  transmitted  through  Mer- 
cury or  Venus,  when  placed  against  him,  it  is  plain  tbey 
are  dense  opake  bodies;  which  is  likewise  evident  of  Ju> 
piter,  from  his  hiding  the  satellites  irv his  shadow;  and 
therefore,  by  analogy,  the  same  may  he  concluded  of  Sa- 
turn, and  all. the  rest. 

3.  From  the  variable  spots  of  Venus,  Mars,  and  Jupiter, 
it  is  evident  that  these  planets  have  a  changeable  atmo- 
sphere; which  kind  of  atmosphere,  by  a  like  argument, 
may  be  inferred  of  the  satellites  of  Jupiter;  and  there- 
fore, by  similitud«i  tbe  same  may  be  concluded  of  the 
Other  planets. 

4-.  In  like  manner,  from  the  mountains  observed  in  tbe 
moon  «nd  Venus,  the  same  may  bo  supposed  in  tba  other 
planets. 

3.  Lastly,  since  all  tliese  planets  are  opake  bodies, 
,  ihining  with  the  son's  borrowed  light,  are  furnished  with 
mouotaiua,  and  ara  encompassed  with  a  changeable  atmo- 
sphere; we  may  infer  that  they  have  waten,  seas  &c,  a* 
well  as  dry  land,  And  are  bodies  like  the  moon,  and  there- 
fore like  tbeearth-  And  hence,  it  Keins  also  orobahie, 
that  the  other  planett  have  their  animal  inhabitants,  at 
well  as  our  eartb  has, 

Hf  the  OrbUt  cf  tfu  Plaheti. 

Though  all  tbe  primary  planets  revolve  about  tbe  sun, 
their  orbits  are  not  circles,  but  ellipies,  having  the  sun  io 
one  of  the  foci.  This  circumstance  was  first  discovered 
by  Kepler,  from  the  obiervatjons  of  Tycho  Brabi ;  before 
tbat,  ail  aitronomeri  took  tbe  planetary  orbits  for  eccen- 
tric circles.  Alt  tbe  planes  of  these  orbits  intersect  in 
the  sun;  and  the  line, in  which  tbc  plane  of  each  qrbit 
eats  that  of  the  earthi  is  c«lled  the  Uiu  of  tbc  nodes ; 

Vot.  il.  "  . 


'and  the  two  points  in  which  the  orhilt  thetnselves  touch 
tbat  plane,  are  the  Nodes  i  also  the  angle  m  which  each 
plane  cuts  that  of  the  ecliptic,  is  railed  the  Inclination  of 
tbe  plaue  or  orbit. — I'he  distance  between  tbe  centre  of 
the  sun,  and  tbe  centre  of  each  orbit,  is  called  the  excea 
tricity  of  the  planet,  lOr  of  its  orbit,  - 

The  Motitini  of  the  Plasets. 

Tbe  motions  of  the  primary  planets  are  very  simple, 
and  tolerably  uniform,  as  being  compounded  only  of  a 
projectile  motion,  forward  in  a  right  line,  which  is  a  tan- 
gent to  Ihe  orbit,  and  a  gravitation  towards  tbe  sun  at  the 
centre.  Besides,  being  at  such  vast  distances  from  each 
other,  the  effects  of  their  mutual  gravitation  towards  one 
another  arc  in^a  consi<lerable  degree,  though  not  altoge- 
ther, insensible  :  for  tbe  action  yf  Jupiter  upon  Saturn, 
for  ex.  is  found  to  be  ^^  of  tbc  action'of  the  sun  upon 
Salufn,  by  comparing  tbe  matter  of  Jupiter  with  that,  of 
tbc  sun,  and  ibe  square  of  tbc  distance  of  each  from  Sa- 
turn. So  that  the  elliptic  orbit  of  Saturn  will  be  found 
more  just,  jf  its  focus  be  supposed  not  in  the  centre  of  the 
sun,  but  in  the  common  centre  of  gravity  of  tbe  sun  and 
Jupiter,  or  rather  in  tbe  common  centre  of.  gravity  of  tbe 
sun  and  ail  tbe  other  planets.  In  like  manner,  the  ellip- 
tic orbit  of  any  other  planet  will  be  found  more  accurate, 
by  supposing  its  fpcus  to  be  in  the  common  centre  of  gra- 
vity of  the  sun  aad  all  the  planets  that  are  below  it.  But 
the  matter  is  far  otherwise,  in  respect  of  tht  secondary 
plMicts:  for  every  one  of  these,  though  it  chiefly  gravi- 
tates-towards  its  respective  primary  tine,  as  its  centre,  yet 
at  equal  distances  from  tbe  sun,  it  is  also  attracted  to- 
wards him  with  an  equally  accelerated  gravity,  aa  tbe  pri- 
mary one  is  towards  him ;  but  at  a  greater  distance  wilfa 
less,  and  at  a  nearer  distance  with  greater;  from  which 
double  tendency  towards  tbe  sun,  and  towards  their  own 
primary  planets,  it  happens,  that  the  motion  of  the  satel- 
lites, or  secondary  planets,  is  very  much  compounded,  and 
affected  with  various  ipcqualiiies, 

Tbe  motions  even  of  the  primary  planets,  jn  their  el- 
liptic orbits,  are  not  equable,  because  tbe  sun  isnot  in  ibeir 
centre,  but  their  focUs.  Hence  they  move;  sometimes  ft  stcr 
and  sometimes  slower,  as  they  are  nearer  to  or  farther  from 
the  sun  ;  but  yet  these  irregularities  are  all  certain,  and 
follow  according  to  sn  immutable  law.  Thus,  tbe  ellipsis 
PEA  &c,  representing  the  orbit  of 
ft  planet,  and  the  focus  s  the  sun'a 
place  :  the  axis  of  tbe  ellipse  at,  is 
the  line  of  the  apses;  the  point  a,  - 
the  higher  apsis  or  aphelion;  p  the 
lower  apsis-or  perihelion;  cs  the 
excentricily ;  and  xs  the  planet's 
mean  distance  from  the  sun.  Now 
tbe  motion  of  the  planet  in  its  peri- 
belion  p  is  swiftest,  but  in  its  aphe- 
lion A  it  is  stoi[Vest;  ^od  at  e  the 
■notion  OS  well  as  the  djslance  is  a 
meani  being  thare  tuch  as  would  deKribo  the  whole  or- 
bit in  the  seme  time  it  is  really  described  in.  And  ibe 
law  by  which  the  motion  in  every  point  is'reg^ittated,  is 
this,  that  jt  line:  or  radius  dfawn  from  the  ceatre  of  the 
sun  to  the  centre  of  the  planet,  and  thus  carried  along 
vritb  an  angular  motion,  always  describes  an  elTiptic  area 
proporiional  to  the  tim^;  that  is,  tb«.trilinral  area  asb, 
»  to  the  area  as«,  as  the  time  the> planet  is  in  moting 
over  AB,  to  the  time  it  is  in  moving  over  ac.  This  law 
was  first  discovered  by  Kepler,  from  observations}  and 
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bu  siflce  been  ftccoBnted  for  and  demonstrated  by  Sir  deed  deduced  this  Inw  merely  from  observatiou,  by  a  com- 

JsBttC  Newton,  from  the  genccal  laws  of  attraction  and  parison  of  the  several  dislaaces-of  the  jdttiiets  with  their 

projectile  motioji.  periods  or  times  :  the  glory  of  invqstigati'ng  it  from  phyti- 

As  to  the  periods  and  velocities  of  rbe  pl»nets,  or  the  cai  principli's  is  due  to  Sir  Isaac  Newton,  who  has  dc- 

times  in  ^vbich  they  perform  their  courses,  they  are  tound  monstrated  that,  in  the  present  state  of  nature,  such  a 

to  have  a  wonderful  harmony  with  their  distances  from  law  was  inevitable. 

the  sun,  and  with  one  another:  the  nearer  each  planet  Tbe  phenomena  of  the  planets  are,  t-hcir  Conjunctiont, 

being  to  the  sun,  the  quicker  still  is  its  motion,  and  its  Oppositions,  Elongations,  Stations,  Retrogradations,  Pha- 

period  the  shorter,  according  to  this  general  and  regular  K*,  and  Eclipses ;  tiir  which  tec  the  i-espective  articles, 

law  ;  viz,  that  the  squares  of  their  periodical  times  are  as  For  a  view  of  tbe  comparative  magnitudes  of  the  planets, 

the  cubes  of  their  mean  distances  from  the  sun  or  focus  and  of  their  several  distances,  &c;  see  the  articles  Orsit 

of  their  orbits.     The  knowledge  of  this  law  we  owe  also  and  Solak  Sybtem ,  as  also  Plate  s6,  fig,  i. — The  fol- 

to  the  sagacity  of  Kepler,  who  found  that  it  obtained  in  lowing  Table  contains  a  synoptis  of  tbe  distances,  magni- 

all  tbe  primary  planets;  as  astronomers  have  since  found  tudes,  periods,  &c,  of  the  several  planets,  according  to 

it  also  to  hold  good  in  the  secondary  ones.     Kepler  in-  the  latest  observations  and  improvements. 

Table  i^  Ihe  Plaketart  Motioms,  Distamceb,  &c. 
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A  planet's -motion,  or  distance  from  its  spogee,  is  called  with  saiGcient  Kccuracy,  to  resolve  problems,  in  a  coarse 
die  meaa  anomaly  of  the  planet,  and  is  measured  by  the  way,  relating  to  the  motions  of  the  planets,  and  of  the 
^rea  it  describes  in  the  given  time;  when  the  planet  ar-     earth  and  moon,  &c. 

he  area  or         Dr.  Desaguliera  (Exp.  Pbilos.  vol.  I,  p.  430,)  describes 
't's  motion     a  planetarium    of  his  own   contrivance,   which  is    one 
called  its     of  the  best  of  tb(T  common  sort.     The  machine  ts  con- 
tra* ;  viz,     trived  to  be  rectified  or  set  to  any  latitude  j  andHhen  by 
.  to  move     turning  the  handle  of  the  planetarium,  all  the  plattcts  per- 
' '  '      form  their  revolutions  round  the  sun  in  proportion  to  their 
periodical  times,  and  they  carry  indices  which  show  tba 
longitude  of  tlie  planets,  by  pointing  to  the  divisiona  gra- 
duated on  circles  for  that  purpose. 

The  plauetarium  represented  in  fig.  1,  plate  SS,  is  an  - 
instrument  contrived  by  Mr.  Wm.  Jones,  of  Holborn,  Lon- 
don, mathematical  instrument  maker,  who  hai  puid  con- 
siderable Bttetition  (0  such  machines,  to  bring  them  to  a 
of  simplicity  and  perfection.  It  represents 
in  a  general  planner,  by  various  parts  of  its  machinery, 
contrived  alt  the  motions  and .  phei^omena  of  the  planetary  system, 
to  represent  the  motions,  orbits,  &c,  of  the  planets,  as  they  This  machine  consists  of,  the  Sun  in  the  centre,  with  tha 
reallyare  in  nature,  or  according  to  theCopernicsn  system.  Planets  in  the  order  of  their  distance  from  him,  viz,  Mer- 
TTielargerkindofthem  are  called  Orreries.  See  Orrery,     cury,  Venus,  the  Earth  and  Moon,  Mnrs,  Jupiter  with 


s  at  the  middle  of  its  orbit,  or  the  point 
time  is  called  the  true  anomaly.    When  the  pla 
n  leckoned  from  the  first  point  oCAries,  it 
motion  in  longitude  ;  which  is  either  mean  i 
mean,  which  is  such  as  it  would  have  were 
aniformly  in  a  circle  ;  and  triic,  which  is  that  with  which 
the  planet  actually  describes  its  orbit,  and  is  measured  by 
the  arc  of  the  cclipUc  it  describes.     Atidiience  may  be 
found  the  planet's  place  in  its  orbit  for  any  given  time  after 
it  has  left  the  aphelion:  for  suppose  the  area  of  the  ellipsis 
be  so  divided  by  the  line  so,  that  the  whole  elliptic  area 
may  have  the  same  proportion  to  the  part  asg,  as  the 
whole  periodical   time  in  which  the  planet  describes  its 
vibote  orbit,  has  to  the  given  time ;  then  will  o  be  the     great  degr 
planet's  place  in  its  orbit  sought.  in  a  ecncr 

PLANETARIUM,  an  astronomical  machi 


;nted   by 
.  Posth.  torn.  2. 
.1  preserved  among     Georgia 


In  this  plane-     is  applied 


;r  revolution  about 
«  really  performed 


due  parallelisn 


A  remarkable  machine  of  thi 
Huygens,   and    described  in   bis  Opi 
p.  IST'.^edit.  Amst.  1728,  which  is  sti 
the  curiosities  of  the  university  at  Leydi 
tarium,  the  five  primary  planets  perfori 
about  the  sun,  and  tbe  moon  performs  h 
the  earth,  in  the  same  time  that  they  a 
in  the  heavens.     Also  tbe  orbits  of  tfai 
are  represented  vihh  their  true  proportions,  excentricity, 
position,  and  declination  ffoia  the  ecliptic  or  orbit  of  the 
earth.    So  thai  by  this  machine  the  situation  of  the  planets, 
with  the  conjunctions,  oppositions,  &c,  may  be  known, 
not  only  for  the  present  time,  but  ifor  any  other  time, 
either  past  or  jet  to  come  ;  as  In  a  perpetual  ephemeris. 

There  was  exhibited  in  London,  viz,  in  tbe  year  1791, 
a  still  much  more  complete  planetarium  of  this  kind  ; 
called  "  a  planetarium  or  astronomical  machine,  which 
exhibited  the  most  remarkable  phenomena,  motions,  and 
revolutions  of  the  universe.  Invented,  and  partly  Executed, 
by  the  celebrated  H.  Phil.  Matthew  Hahn,  member  of  pered,  &i 
the  academy  of  sciences  at  Erfurt.  But  finished  and  com-  nating 
pleted  by  Mr,  Albert  de  Mylius."  This  is  a  most  stupen-  ' 
dous  and  elaborate  machine  ;  consisting  of  the  solar  sys- 
tem in  general,  with  all  the  orbits  and  planets  in  thdrdue 
proportions  and  positions ;  as  also  the  several  particular 
planetary  systems  of  such  as  have  satellites,  as  of  the 
earth,  Jupiter,  &C;  the  whale  kept  in, continual  motion 
by  a  chronometer,  or  grand  eight-day  clock  ;  by  which 
all  these  systems  are  made  perpetually  to  perform  all  their 
motions  exactly  as  in-  nature,  exhibiting  at  all  times  the 


id  Saturn  with  his  ring  and 
occasionally  applied  an  extra  Ii 
Planet  and  his  moons.     To  the  earth  and 


for  the 


only  four  wheels  and 
/e  to  preserve  the  earth's  axis  in  its 
lotion  round  the  sun,  and  to  give 
time  her  due  revolution  uhoiK  th« 
earth.     These  wheels  are  connected  with  the  wheel-work 
in  the  round  box  below,  and  the  whole  is  set  in  motion 
by  the  winch  h.    The  arm  u  that  carries  round  the  i^ioon, 
points  out  on  the  plate c  her  age  and  phases  forsny  situa' 
ti«n  in  her  orbit,  upon  which  they  are  engraved.    In  like 
manner  the  arm  points  out  her  place  in  the  ecliptic  b,  in 
signs  and  degrees,  called  her  geocentric  place,  that  is,  at 
seen  from  the  earth.     The  moon's  orbil  Is  represented  by 
the  flat  rim  a  ;  the  two  joints  of  it,  upon  which  it  turns, 
denoting  her  nodes  ;  and  tbe  orbit  being  made  to  incline 
to  any  required  angle.     The  terrella,  or  little  earth,  of 
;isual1y  made  of  a  three-inch  globe  pa-    , 
le  purpose;  anA  by  itfettu  of  tbe  termi- 
goes  over  it,  points  out  the  changes  of 
the  seasons,  and  the  different  lengths  of  days  and  nights 
more  conspicuously.     By  this  machine  are  seen  at  once 
all  the  placets  in  motion  aboutlhcSun,  with  the  same  re- 
spective veioeilies  and  periods  of  revolution  which  they 
have  in  the  heavens  ;  the  wh^lwork  being  calculated  to 
a  minute  of  time,  from  the  latest  discoveries.     Sec  Mr. 
Jones's  Description  of  bis  new  portable  Orrery. 

PLANETARY,  something  that  relales.to  the  planets. 
we  say,  planetary  worlds,  planetary  inhabitants. 


true  and  real  motions,  positions,  aspects,  phenomena,  Sco,     planetary  motions,  &c.     Huj'gens  and  Fontcnelle  bring 


of  all  the  celestial  bodies,  even  to  the  very  diurnal  rota- 
tion of  the  planets,  and  the  unequal  motions  in  their  ellip- 
tic orbits.  A  description  was  published  of  this  most 
superb  machine;  and  it  was  purchased  and  sent  as  one 
of  the  presents  to  the  emperor  of  China,  in  the  embassy 
of  Lord  Macartney,  in  the  year  1793. 

But  the  planetariuras  or  orreries  now  most  commonly 
used,  do  not  represent  the  true  times  of  the  celestial  mo- 
tions, but  only  their  proportions ;  and  are  not  kept  in  con- 
.tinual  motion  b^'  a  clock,  but  are  only  turned  round  occa- ' 
'iDally  with  the  hand,  in  order  to  give  young  begin 


an  idea  of  tbe  planetary  system ;  ps  also,  if  constructed     planet,  presides  o 


several  probable  arguments  for  the  reality  of  planetary 
worlds,  animals,  plants,  men,  &c. 

Planetary  &/stem,  is  the  system  or  assemblage  of 
the  planets,  primary  and  secondary,  moving  in 'their  «* 
spective  orbits,  round  their  common  centre  tbe  sun,  Sea 
Solar  System. 

Planetary  Dt^i.  With  the  ancients,  the  week  was 
shared  among  the"seven  planets,  each  planet  having  its 
day.  This  we  learn  from  Dion  Cassius  and  Plutarch, 
Sympos.  lib.  4.  q.  7-  Herodotus  adds,  that  it  was  the 
Egyptians  who  firjt  discovered   what  god. 
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the  plaaeto  were  directors.  And  hence  it  h,  that  in  most 
European  languagei  tlie  days  of  the  week  am  still  ileDu- 
miiiACcd  from  tlic  planets;  as  Sunday,  moiiday,  &c. 

Planetakt  Dials,  are  such  a*  have  the  planetary 
hours  inscrilieii  on  them. 

pLAKLTAtiY  Hour*,  are  the  l^th  ^arts  of  the  artificial 
day  and  night.     See  Planetary  Hovr. 

pLANGtAKY  Sipiara,  are  the  squares  of  the  seven  num- 
bere.from  3  top,  disposed  magically.  Cornelius Agrippa, 
in  h's  booL  of  magici  has  given  the  construction  of  the 
(even  planetary  squaret.  And  M.  Poignard,  canon  of 
Brussels,  in  bis  treatise  on  sublime  squares,  gives  new, 
.general,  and  easy  methods,  for  making  the  seven  plane- 
tary squares,  and  alt  others  to  infinity,  by  numbers  in  all 
kirida  of  progressions.    See  Magic  Square. 

Planetaby  Year*,  the  periods  of  lime  in  which  the 
(cveral  planets  make  their  revolutions  round  the  aun,  or 
earth.— As  from  the  proper  revolution  uf  the  earth,  or  the 
apparent  rT;valutiun  of  the  sun,  the  solar  year  takes  ils 
original ;  so  from  the  proper  revolutions  of  the  rest  of  the 
planets  about  the  earth,  as  many  kinds  of  years  arise; 
viz,  the  Saturnian  year,  which  is  defined  by  2S  Egyptian 
years  iji  days  58  minutes,  equivalent  in  around  number 
to  30  solar  years.  The  Jovial  year,  containing  1 1  years 
317  days  14  hours  27  minutes.  The  Martial  year,  con- 
taining 1  year  321  days  23  hours  31  minutes.  Fur  Venus 
and  Mercury,  as  their  years,  when  judood  of  with  regard 
to  the  earth,  are  almost  equal  to  the  soUr  year;  they  are 
more  usually  estimated  from  the  sun,  the  true  centre  of 
their  motions :  in  which  case  the  former  is  equal  to  324 
days  16  hours  49*  minutes ;  and  the  latter  to  S7  days  23. 
hours  l6  minutes.    ,  ^ 

PLANIMETRY,  that  part  of  geometry  which  considers 
lines  and  ptBtie  figures,' without  any  regard  to  heights  or 
depths. — Planimetry  is  particularly  restricted  to  the  men- 
suration of  planes  and  other  surfaces;  as  contradistinguish- 
ed from  stereometry,  or  the  mensuration  of  solids,  or  capa-  , 
cities  of  length,  breadth,  and  depth. — Planimetry  is  per- 
formed by  means  of  the  squares  of  long  measures,  as  square 
inche«,  square  feci,  square  yards,  &c  ;  that  is,  by  squares 
whose  side  is  an  inch,  a  foot,  u  yard,  &c.  So  that  the 
area  or  oiQtent  of  any  surface  is  said  to  be  found,  when 
it  is  known  bow  many  such  square  inches,  feet,  yards,  &c, 
iti:onIains.     See  Mehsukatiow  and  Surveying. 

PLANISPHERE,  a  projection  of  the  sphere,  and  its 
various  circles,  on  a  pitine;  as  upon  paper  or  the  like. 
In  this  ^cnse,  maps  of  the  heavens  and  the  earth,  exhi- 
biting the  nicridians  and  other  circles  of  the  sphere,  may 
be  called  planispheres. 

Planisphei*c  is  sonretitnes  also  considered  as  an  astrono- 
mical I  niitrumcnt,  used  in  observing  the  motions  of  the 
heavenly  bodies;  being  a  projection  of  the  celestial  sphere 
upon  a  piano,  representing  the  stars,  constellations,  &c, 
in  their  proper  situations,  distances,  fiic.  As  the  Astro- 
labe, which  is  a  common  name  for  all  such  projections. 

In  all  planispheres,  the  eye  is  supposed,  to  be  in  a  point, 
viewing  all  the  circles  of  ^e  sphere,  and  referring  them 
to  a  plane  beyond  them,  against  which  the  sphere  is  as  it 
were  fl»itened  :  and  this  plane  is  called  the  Plane  of  Pro- 
jection, which  is  always  some  one  of  the  circles  of  the 
sphere  itself,  or  parallel  to  some  one. 

Aniong  the  infinite  number  of  planisphci^  which  may 
be  furnished  by  the  different  planes  of  projection,  and  the 
different  positions  of  the  eye,  there  are  two  or  three  that 
have  been  preferred  to  the  rest.  Such  as  that  of  Ptolemy, 
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where  the  plane  of  projection  ia  parallel  to  the  equator: 
that  of  Gemma  Frisiiis,  where  the  plane  of  projection  is 
the  colure,  or  solstitial  meridian,  and  the  eye  the  pole  of 
the  meridian,  being  a  titereographieal  projection:  or  that 
of  John  dc  Royas,  it  Spaniard,  whose  plane  of  project ioit 
is  a  meridian,  and  the.eye  placed  in  the  axis  of  that  me- 
ridian, at  an  inQnite  distance  ;- being  an  orthographical 
projection,  and  called  the  Analemma. 

PLANO-Cb/K-aM  glass  or  lens,  is  that  which  is  plane 
on  one  side,  and  concave  on  the  other.     And 

Pj.ANO-Cmrez  glass.or  lens,  is  that  which  is  plane  on 
one  side,  and  convex  on  the  other.     See  Lens. 

plat-Band,    in  Archi 


any  fjut  square 
moulding,  whose  height  much  exceeds  ils  projecture. 
Such  are  the  faces  of  an  architrave,  and  the  plal-bands  of 
the  niodillions  of  a  cornice. 

PLATFORM,  in  Artillery  and  Gunnery,  a  small  eleva-  ' 
tion,  or  a  floor  of  wood,  stone,  or  ihe  like,  oii  which  can- 
non, fiic,  are  placed,  fur  more.convenienily 'working  and 

Platform,  in  Architecture,  a  row  of  beams  lhalsu'p> 
port  the  timber-\v>ik  of  a  roof,  lying  on  the  top  of  the 
walls,  where  the  entablature  ought  to  be  raised.  Also  a 
kindof  tint  walk,  or  plane  floor,  on  the  top  of  a  building; 
whence  a  fair  view  may  be  taken  of  the  adjacent  grouqds. 
So,  an  edifice  is  said  to  be  covered  wiih  a  platform,  when 
it  has  no  arched  roof. 

PLATO,  one  of  the  must  celebrated  among  ihc  ancient 
philosophers,  being  the  founder  of  the  sect  of  the  'Acade> 
mics,  was  the  son  of  Aristo,  anthborn  at  Athens,  about 
429  years  before  Christ.  He  was  of  a  royal  and  illustrious 
family,  being  descended  by  his  father  from  Codrus,  and 
by  his  mother  from  Solon.  The  name  given  him  by  his 
parents  was  Aristocles ;  but  being  of  a  robust  make,  and 
remarkably  hroad-shouldered,  from  [his  cireumstance  he 
was  nick-named  Plato  by  his  wrestling-paasier,  which  name 
he  retained  ever  after. 

From  bis  infancy,  Plato  distinguished  himself  by  his 
lively  and  brilliant  imagination.  He  eagerly  imbibed  the 
principles  of  poetry,  music,  am)  painting.  'I'he  charms  of 
philosophy  however  prevailing,  drew  him  from  those  of 
the  fine  arts  ;  and  at  the  age  of  twenty  he  attached  him- 
self  to  Soerales  only,  who  called  him  the  Swan  of  the 
Academy.  The  disciple  profited  so  well  of  his  master's' 
lessons,  ihat  at  twenty-five  years  of  age  he  had  the  repu- 
tation of  a.  consummUe  sage.  He  lived  with  Socrates  for 
eight  years,  in  which  time  he  commiltcd  to  writing,  ac- 
cording to  the  custom  of  the  students,  the  purport  of  n 
great  number  uf  his  master's  excellent  lectures,  which  he 
digested  by  way  of  philosophical  conversations ;  but  made 
so  many  judicious  additions  and  improvements  of  his  own, 
that  Socrates,  hearing  him  one  day  recite  his  Lysis,  cried 
out,  O  Hercules!  how  many  fine  sentiments  does  this 
young  man  ascribe  to  me,  that  1  never  thought  of!  And 
Laertius  assures  us,  that  he  composed  several  discourses 
which  Socrates  had  no  manner  of  hand  in.  At  the  tima 
when  Socrates  was  first  arraigned,  Plato  was  a  junior  se- 
nator, and  he  assumed  the  orator's  chair  lo  plead  his 
master's  cause,  but  was  interrupted  in  that  design,  and  the 
judges  passed  sentence  of  condomnaiion  upon  Soerales. 
Upon  this  occasion  Plato  begged^him  to  accept  from  him 
ft  sum  of  money  sufKcicnt  to  purchase  his  enlaq^ment, 
but  Socrates  peremptorily  refused  the  generous  offer,  and 
suffered  himself  to  be  put  Co  death. 

The  philosophers  who  wereat  Athens  were  so  alarmed 
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St  the  death  of  SoCrates,  that  most  of  them  fled,  to  avoid  ^ian  sayi,  and  Cicein)  was  of  the  seme  opinion,  that  Plato 

the  cruelty  and  .injustice  of  tht;  goveroment.     Plato  re-  taught  Dion  faow  to  diipatch  the  tyrant,  and  to  deliver 

tired,  till  the  ttoriii  should  be  ove:;,  to  Megan,  where  he  th^  people  from  oppression.     However  this  may  be,  Plato 

was  kindly  entcrtaioed  by  Euclid  the  pbiloiopher,  who  was  offended  and  complained;  and  Dionysius,  incensed  at 

had  been  one  of  the  first  scholars  of  Socrates.    Afterwards  these  complaints,  resolved  to  put  him  to  death :  but  Ar- 

he  determined  to  travel  in  pursuit  of  knowledge;  and  from  chytas,  who  had  gre«t  interest  with  the  tyrant,  being  in- 

Mogam  he  went  to  Italy,  where  be  conferred  with  Eury-  formed  of  it  by  Dion,  interceded  for  the  philosopher,  and 

tus,  Philolaus,  and  Archytas,  the  most  celebrated  of  tbe  obtained  leave  for  him  to  retire. 

Pythagoreans,  from  whom  he  learned  all  his  natural  philn-  The  Athenians  received  him  joyfully  at  his  return,  and 
sophy,  diving  into  the  most  profound  and  mysterious  se>  offered  him  the  ad  mi  Jii  strati  on  of  the  goTernment ;  but  he 
crets  of  the  Pythagoric  doctrines.  But  perceiving  other  declined  that  honour,  choosing  rather  to  live  quietly  in 
knowledge  to  be  connected  with  them,  he  went  to  Cyrene,  the  Academy,  in  the  peaceable  contemplation  and  study- 
where  he  studied  geometry  and  other  branches  of  malhe-  of  philosophy;  being  indeed  so  desirous  of  a  private  r»- 
roattcs  under  Theodorus,  a  celebrated  master.  tirement  that  he  nevef  married,  His  fame  drew  dtsctples 
Hence  he  travelled  iuto  Egypt,  tu  learn  the  theology  from  all  parts,  when  he  would  admit  them,  as  well  as  in- 
of  their  priests,  with  the  sciences  of  arithmetic,  astronomy,  vitelions  to  come  to  reside  in  many  of  the  other  Grecian 
and  the  nicer  parts  of  geometry.  Having  taken  also  a  states;  but  the  three  of  his  pupils  that  most  distinguished 
survey  of  the  country,  with  the  course  of  the  Nile  and  the  themselves.wereSpeusippus  his  nephew,  who  continued  the 
canaU,  he  settled  some  time  in  the  province  of  Sais,  learn-  Academy  a^er  him,  Xenocrates  the  Caledonian,  and  the 
ing  of  the  sages  there  their  opinions  coitceining  the  uni-  celebrated  Aristotle.     It  is  said  also  .that  Theophrastut 


.   whether  it  had  a-  beginning,  whether  it  moved 
wholly  or  in  part,  &c  ;  also  concerning  the  immortality 
and  transmigration  of  so^ils  :  and  here  it  is  also  thought 
he  had  some  communication  with  the  books  of  Moses. 
Plato's  curiosity  was  not  yet  satisfied.     He  travelled 


into  Pei-sia,  t<^  consult  the  magi  as  to  the  religion  of  that     Geouetrv  and  the  N 


id  Demosthenes  were  two  of  his  disciples.  He  had  it ' 
seems  so  great  a  respect  lor  the  science  of  geometry  and 
the  mathematics,  that  be  had  the  following  inscription 
painted  in  large  Jetters  over  the  door  of  his  academy;  Let 

NO   ONE   ENTtH    HKHE,   UNLESS   BE  HAS  A  TASTE  FOE 


country.  He  desigoed  uUo  to  have  penetrated  into  India, 
to  learn  of  the  Brachmans  their  manners  aud  customs ; 
but  was  prevented  by  the  war^  in  Asia. 

Afterwards,  returning  to  Athens,  he  applied  himself  to 
the  teaching  of  philosophy,  opening  his  school  in  the 
Academia,  a  place  of  exercise  in  the  suburbs  of  the  city  ; 
whence  it  was  that  his  followers  took  the  name  of  Aca- 
demics. 

Yet,  settled  as  he  was,  he  made  several  excursions 
abroad  :  one  in  particular  to  Sicily,  to 
ebullitions  of  Mount  £tna.  Dionyiius  tl 
reigned  at  Syracuse,  where  Plato  went  to  visit  him  ;  but, 
instead  of  flattering  him  tike  a  courtier,  he  reproved  him 
for  the  disorders  of  his  court,  and  the  injustice  of  his  go- 
vernment. The  tyrant,  not  used  to  disagreeable  truths, 
WHS  enraged  at  Plato,  and  would  have  put  him  to  death, 
if  Dion  arid  Arittomenes,  formerly  his  scholars,  and. then 


his  great  reputation  gained  him  on  the  one  hand 
many  disciples  and  admirers,  so  on  the  other  it  raised  him 
sotne  emulators, especially  among  his  fellow-disciples,  the 
followers  of  Socrates.  'Xcnophon  and  he  were  particu- 
larly disaffected  to  each  other.  Plato  was  of  so  quiet  and 
even  a  temper  of  mind,  even  in  his  youth,  that  he  never 
was  known  lo  express  a  pleasure  with  any  greater  emotion 
than  that  of  a  smile;  and  he  had  such  a  perfect  command 
of  his  passions,  that  nothing  could  provoke  his  ahger  or 
ew  tlie  fiery  resentment ;  from  hence,  and  the  subject  and  style  of  hie 
tyrant  then  writings,  he  acquired  the  appellation  of  the  Divine  Plato. 
But  though  he  was  naturally  ofu  reserved  and  very  peit- 
sive  .disposition;  yet,  according  to  Aristotle,  he  was  affable, 
courteous,  and  perfectly  good-natured;  .and  sometimes 
would  condescend  to  crack  little  innocent  jokes  on  hie 
intimate  acquaintances.  Of  his  affability  there  needs  no 
greater  proof  than  his  civil  manner  of  conversing  with  the 


favourites  of  that  prince,  had  not  powerfully  interceded     philosophers  of  his  own  ti 


lonysius  however  delivered  him  into  the  hands 
of  an  envoy  of  the  I^acedemonians,  who  were  then  at  war 
with  the  Athenians  :  and  this  envoy,  touching  on  the  coast 
of  .£gina,  sold  him. for  a  slave  to  a  merchant  of  Cyrenc  ; 
who,  OS  soon  as  he  had  bought  hitn,  liberated  him,  and 
senc  him  home  to  Athens. 

Some  time  after,  he  made  a  second  voyage  into  Sicily, 
in  the  reign  of  Dionysius  the  younger;  who  sent  Dion, 
his  minister  and  favourite,  to  invite  him  to  court,  that  he 


sen  pride  and  envy  were 


at  their  height.  His  beliaviour  to  Diogenes  is  alwa^  men- 
tioned in  his  history.  This  Cynic  was  greatly  ofieiidedi  it 
seems,  at  the  politcneis  and  fine,  taste  of  Plato,  and  used 
to  catch  all  opportunities  of  snarling  at  him.  Dining  one 
day  at  his  table  with  other  company,  when  trampling  u  pon 
the  tapestry  with  his  dirty  feet,  he  uttered  this  brutish  sar- 
casm, "  I  trample  upon  the  pride  of  Plato:"  towhich  the 
latter  wisely  and  calmly  replied,  "  with  a  greater  prid  e." 
This  extraordinary  man,   being  arrived  at  81  years  of 


_  \t  learn  from  him  the  art  of  governing  his  people  well,  age,  died  on  his  birth-day  a  very  easy  and  peaceable  death, 
Plato  accepted  the  invitation,  and  went;  but  the  intimacy  in  thd  midst  of  an  entertainment,  according  to  some  ;  but, 
between  Dion  and  Plato  raising  jealousy  in  the  tyrant,  the  according  to  Cicero,  as  he  was  writing.  Both  the  life  and 
former  was  disgraced,  and  the  latter  sent  back  to  Athens,  death  of  this  philosopher  were  calm  and  undisturbed;  and  ' 
But  Dion,  being  taken  into  favour  again,  persuaded  Dio-  indeed  he  was  finely  composed  for  happiness.  Besides  the 
nysius  to  recall  Plato,  whichbedid,  and  receivcdhim  with  advantages  of  a  noble  birth,  be  bad  a  large  and  compTc-  ■ 
all  themarksofgoodwillandfriendsbipthat  a  great  prince  hensive  understanding,  a  vast  fund  of  wit  and  good  taste, 
could  bestow.  He  sent  out  a  fine  galley  to  meet  him,  and  great  evr-nness  and  sweetness  of  temper,  cultivated  and  re- 
went  himself  in  a.  magnificent  chariot,  attended  by  all  his  fined  by  education  and  travel ;  so  that  it  is  no  wonder  he 
court,  to  receivehim.  But  this  prince's  uneven  temper  whs  honoured  by  his  countrymen,  esteemed  by  strangers, 
hurried  him  into  new  suspicions.  It  seems  indeed  that  and  adored  by  his  scholars.  Tulty  perfectly  adored  him  : 
Ui««e  BppretieDsIont  were  not  altogether  {poundless ;  for  he  tells  us-  that  he  nas  justly  called  by  Punctius,  the  dip 
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vine,  th«  most  wiee,  the  most  sacreil,  the  Homer  of  pbilo-  misu,  md  took  thftt  of  PlatonisU.  It  i«  tnppoted  to  htm 
aophera ;  thinks,  that  If  Jupiier  had  spoken  Gieek,  he  be«n  at  Alexandria,  in  Egypt,  that  they  fint  assumed  this 
would  have  done  it  in  Plalu's  ujle.  Sec,     But,  panegyric     new  title,  after  having  restured  the  ancient  academy,  and 


uide,  Plato  waa  certainly  a  very  wonderful  man,  of  a  large 
and  comprehensive  mind,  an  imagination  infinitely  fertile, 
ajxl  of  a'  most  flowing  and  copious  eiaquence.  However, 
the  strength  nnd  heat  of  fancy  prcv8ili)ig  over  judgment  in 
hil  composition,  he  was  too  apt  to  soar  beyond  the  limits 
of  earthly  things,  to  range  in  the  imaginary  regions  of  ge- 
neral and  abstracted  ideas;  on  which  account,  though 
there  is  always  a  greatness  and  sublimity  in  hismanner,  he 
did  not  philosophize  so  much  according  to  truth  and  na- 
ture as  Aristotle,  though  Ciceto  did  not  scruple  to  give  him 
tfce  preference. 

The  writings  of  Plato  are  all  in  the  way  of  dialogue, 
where  he  seems  to  deliver  nothing  from  himself,  but  every 
thing  as  the  sentiments  and  opinions  of  others,  of  Socrates 
chiefly,  of  Tiroxus,  &c.  His  style,  ai  Aristotle  observed, 
it  between  prose  and  verse  :  un  which  account  some  have 
not  scrupled  to  rank  him  among  the  poeis  :  and  indeed, 
besides  the  elevation  and  grandeur  of  his  style,  his  matter 
is  frequently  the  offspring  of  imagination,  instead  of  doc- 
trines or  truths  deduced  from  nature.  The  first  edition  of 
Plato's  works  in  Greek,  was  printed  by  AJdi 
1513:  but  a  Latin  version  of  them  by  Marsiliu's  Ficinus 
had  been  printed  there  in  1491.  They  were  reprinted  to- 
gether at  Lyons  in  1588,  and  at  Francfort  in  1603.  The 
famous  printer  Henry  Stephens)  in  1 J7S,  gave  a  beautiful 
and  correct  edition  of  Plato's  works  at  Paris,  with  a  new 
Latin  version  by  Serranus,  in  three  volumes  folio.— And 
the  industrious  Thomas  Taylor  has  lately  given  us  several 
of  Plato's  works  in  an  English  translaliun. 

PLATONIC,  something  that  relates  to  Plato,  his  school, 
philosophy,  opinions,  or  the  tike. 

PLATONIC  Bodia,  so  called  from  Plato'  who  treated 

I  of  them,  are  what  are  otherwise  called  the  regular  bodies. 

They  arc  five  in  number  ;  the  tetraedron,  the  bexaedron, 

the  octaedron,  the  dodecaedron,  and  the  icosaedron.     See 

each  of  these  articles,  as  also  Reculah&iuibs.  this  aut] 

PiATONic  Year,  or  [he  ISrcat  Year,  is  a  period  of  time     original. 


determined  by  the  revolution  of  the  equinoxes,  or  the 
in  which  the  stars  and  constellations  retnrn  to  their  former 
places,  in  respect  of  the  equinoxes. — The  Platonic  yc<ir, 
aCCorJing  to  Tycho  Brahe,  is  'iiSld  solar  years,  according 
to  Riacioli  259iO,  and  according  to  Cassini  24SOO  years. 
—This  period  beinf;  once  accomplished,  it  was  an  opinion 
among  the  ancients,  that  the  world  was  to  begin  anew,  and 
the  same  scries  of  things  to  return  over  again. 

PL.\TONlSM,the  doctrine  and  sentiments  of  Plato  and 
his  followers,  with  regard  to  philosophy,  &c.  His  disci- 
ples were  called  Academics,  from  Acadcmia,  thenameof  a 
villa  in  the  suburbs  of  Athens  where  he  opened  his  school. 
Among  these  were  Xenocrates,  Aristotle,  Lycurguii,  De- 
mosthenes, «nd  Isocrales.  In  physics,  he  chiefly  followed  the  world. 
Heraclitas ;  in  ethics  and  politics,  Socrates ;  and  iii  meta-  Farther,  Plato  teaches  that  thi 
physics,  Pythagoras. 

After  his  death,  two  of  the  principal  of  his  disciples, 
Xenocrates  and  Aristotle,  continuing  bis  office,  and  teach* 
ing,  the  one  in  the  Academy,  the  other  in  the  Lyexum, 
formed  two  sects,  under  different  names,  though  in  other 
respects  tBo  same ;  the  one  retaining  the  denomination  of  and  derivative  god- 
AcaDiuiCB,  the  other  assuming- that  of  Peripatetics,     a  temporary  generation 


re-ettabliihed  Plato's  sentiments;  which  had  many  of  them 
been  gradually  dropped  and  laid  aside.  Porpiiyry,  Plotin, 
lamblichus,  Proclus,and  Plutarch,  are  those  who  acquired 
the  greatest  reputation  among  the  Greek  Platonists  ;  Apu< 
leins  and  Cbalcidius,  among  the  Latins;  eod  Philo  Judxus, 
among  the  Hebrews.  The  modern  Platonists  own  Plotin 
the  founder,  or  at  least  the  reformer,  of  their  sect. 

The  Platonic  philosophy  appears  very  consistent  with 
the  Mosaic  ;  and  many  nf  the  primitive  fathers  follow  the 
opinions  of  that  philosopher*,  as  being  favourable  toChriv 
tianity.  Justin  is  of  opinion  that  there  arc  many  tliirtgs 
in  the  worktf  of  Plata  which  this  philosopher  could  not 
learn  from  mera  natural  reason  ;  but  thinks  he  must  have 
leami  them  from  the  hookt  of  Moses,  which  he  might  have 
read  when  in  Egypt  Hence  Numenius  the  Pythagorean 
expressly  calls  Piato  the  Attic  Moses,  and  upbraids  him 
wirh  plagiarism  ;  because  he  stoic  his  doctrine  concerning 
God  and  the  world  from  the  books  of  AIoscs.  Thcudoret 
says  expressly,  that  he  has  nothing  good  and  commendable 
concerning  the  Deity  and  bis  worship,  but  what  he  took 
Venice  in  from  the  Hebrew  theology ;  and  Cli-mcns  Alexandrinui 
"'  '  calls  hiQi  the  Hebrew  Philosopher.     Gale  is  ycry  particu- 

lar in  his  proof  of  the  point,  that  Plato  b<frrowed  his  phi- 
losophy from  the  Scriptures,  either  immediately,  or  by 
means  of  tradition ;  and,  besides  the  authority  of  the  an- 
cient writers,  he  brings  some  arguments  from  the  thing  it- 
self. For  example,  Plato's  confession,  that  the  Grct^ks 
borrowed  their  knowledge  of  the  one  infinite  God,  from 
an  ancient  people,  better  and  nearer  to  Gud  than  ibey ; 
by  which  people,  ourautbormakcsnodoubt,  he  meant  the 
Jews,  from  his  account  of  the  state  of  innocence  ;  as,  that 
man  was  bom  of  the  eaith,  that  he  was  naked,  that  he 
enjoyed  a  truly  happy  stair,  that  he  conversed  with  brutes, 
&c.  In  fact,  from  an  e.xnmination  of  all  the  parts  of 
Plato's  philosophy,  physical,  metaphysical,  and  ethical,, 
finds,  in  every  oue,  evident  marks  of  its  sacred 

As  to  the  manner  of  the  creation,  Plato  teaches,  that 
the  world  was  made  according  to  a  certain  exemplar,  or 
idea,  ii)  the  divine  archiii-ct's  mind.  And  all  things,  in 
the  universe,  in  like  manner,  he  !.hows,  depend  on  the  effi- 
cacy of  internal  ideas.  This  ideal  world  is  thus  explained 
by  Didymus :  "  Plato  supposes  certain  patterns,  or  exem- 
plars, of  all  sensible  thing!,,  which  he  calls  ideas ;  and  at 
there  may  be  varioU!>  impressions  taken  off  from  the  same 
seal,  so  he  says  are  there  a  vast  number  of  natures  exist- 
ing from  each  idea.*'  This  idea  he  supposes  to  be  an  eter- 
nal essence,  and  to  occasion  the  several  things  in  nature  to 
be  such  as  itself  is.  And  that  most  beautiful  and  perfect 
idea,  which  comprehends  all  the  rest,  be  maintains  to  be 


animal,  consisting  of  a  body  and  a  soul,  which  he  calk 
the  generated  God,  ty  way  of  distinction  from  what  he 
calls  the  immutable  essence,  who  was  the  cause  of  the  ge- 
nerated God,  iir  the  universe. 

According  to  I^ato,  there  wcre^wo  kinds  of  inferior 
Lundane  gods,  all  of  which  had 
th   the  world ;  and  the  supra^ 


See  these  two  articles.  "  mundane  eternal  gods,  which 

Afterwards,  about  the  time  of  the  first  ages  of  Chris-     cepted,  produced  from  that 


ill  ftf  then 

>,  and  dependent  on  it  as 

titpity,  the  foUower*  «f  Plato  quitted  the  title  of  Acade-     their  cau'ie.   Dr.Cudworth  says,  that  Plato  asserted  aplu- 
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rality  of  gods,  meaning  aniinaled  or  intcllectaal  beings,  or 
dKinons,  superior  to  men,  lo  whom  honour  and  worship 
are  due;  and  applying  the  appellation  to  the  lun,  moon, 
and  stars,  and  also  to  the  earth.  He  asserts  however,  at 
the  same  time,  that  there  was  one  supreme  God,  the  self- 
originated  being,  the  maker  of  the  heaven  and  earth,  and 
of  all  those  oLhei-  gods.  He  also  maintains,  that  the 
Psyche,  or  univtrsaJ  mundane  soul,  which  is  a  self-moviag 
principle,  and  the  immediate  cause  of  all  the  motion  inibe 
world,  was  neithet  eternal  nor  sclf-existeni,  but  made  or 
produced  by  God  in  time;  and  above  this  self-inoviug 
Psyche,  but  subordinate  to  the  Supreme  Being,  and  derived 


From  the  time  of  Ammonius  until  the  sixth  century,  ibit 
was  almost  the  only  system  of  philosophy  publicly  taught 
at  Alexandria.  It  was  brought  into  Greece  by  Plutarch, 
who  renewed  at  Athens  the  celebrated  acaderiiy,  froib 
whence  issued  many  illustrious  pbiJoiopbers.  The  gene> 
nil  principle  on  which  this  sect  was  founded,  was,  that 
truth  was  to  be  pursued  with  the  utmost  liberty,  and  to  be 
cullecicd  from  all  the  difierent  systems  in  which  it  lay 
dispersed.  But  none  that  were  desirous  of  being  ranked 
among  these  new  Platunista,  called  in  question  the  main 
doctrines  ;  those,  for  example,  which  regarded  the  exist,- 
ence  of  one  God,  the  fountain  of  all  things;  the  eternity 
by  emanation  from  bim,  he  supposes  an  immoveable  Nous  of  the  world  ;  the  dependence  of  matter  upon  the  Supreme 
>r  intellect,  which  was  properly  the  Deraiurgus,  or  framcr     Hei^g ;  the  nature  of  souls ;  the  plurality  of  gods,  &c. 


of  the  world. 

The  first  matter  of  which  this  body  of  the  universe  was 
formed,  he  observes,  was  a  rude  indigested  heap,  of  chaos: 
Now,  adds  be,  the  creation  was  a  mixed  production  ;  and 
the  world  is  the  result  of  a  combination  of  necessity  and 
understanding,  that  is,  of  matter,  which  he  calls  necessity, 
and  thediviu''  tvisdon^:  yet  so  that  mijid  rules  over  ne- 
cessity ;  aud  to  this  necessity  he  ei 
atid  prevalence  bofh  of  moral  and 

The  principles,  or  elements,  which  Plato' lays  down,  are 
lire,  air,  water,  and  earth.  He  supposes  two  heavens,  the 
Empyrean,  which  be  takes  to  be  of  a  fiery  nature,  and  to 
be  inhabited  by  angeU,  Ace  ;  and  the  Starry  heaven,  which 
he  teaches  is  nut  adamantine,  or  solid,  but  liquid  and  spi- 


rablc. 
Wth  regard  1 


Inihe  fourth  century,  under  the  reign  of  Valer 
dreadful  storm  of  persecution  arose  against  the  Platonists ; 
many  of  whom,  being  accused  of  magical  practices,  and 
other  crimes,  were  capitally  convicted. 

In  the  6  ftb  century  Prod  us  gave  new  life  to  the  doctrine 
of  Plato,  and  restored  it  to  its  former  credit  in  Greece; 
with  whom  concurred  many  of  the  Christian  doctors,  who 
ibes  the  introduction  adopted  .the  Platonic  system.  The  Plutonic  philosophers 
were  genrrally  opposers  of  Christianity ;  but  in  the  sixth 
century,  Chalcidius  gave  the  Pagan  system  an  evangelical 
aspect ;  and  those  who,  before  it  became  the  religion  of  the 
state,  ranged  themselves  under  the  standard  of  Plato,  now 
repaired  to  that  of  Cbrist,  without  any  great  change  of 
their  system. 

Under  the  emperor  Justinian,  who  issued  a  particular 
the  human  soul,  Plato  mtuntained  its     edict,  prohibiting  the  teaching  of  philotophy  at  Athenir 


transmigration,  and  consequently  its  future  immortality 
and  pre-exSstence,  He  asserted,  that  human  souls  are 
here  in  a  lapsed  state,  and  thift  souls  sinning  should  fall 
down  into  tbnse  earthly  bodies.  Eusebius  expressly  saysi 
that  Plato  held  the  soul  to  be  ungenerated,  and  to  be  de- 
rived by  emanation  from- the  first  cause. 

His  physics,  or  doctrine  De  Corpore,  is  chiefly  laid 


which  edict  seems  to  have  beeji  levelled  at  modern  Plato- 
nism,  all  the  celebrated  philosophers  of  this  sect  took  re- 
fuge among  the  Persians,  who  wrre  at  that  time  the  ene-  . 
mics  of  Rome;  and  ibougli  they  returned  from  their  vo- 
luntary exile,  when  the  peace  was  concluded  between  the 
Persians  and  Romans,  in  533,  they  could  never  recover 
'  former  credit,  nor  obtain  the  direction  of  the  public 


down  in  his  Timseus,  where  he  argues  on  the  properties  of     schools. 

body  in  a  geometrical  manner  ;  which  Aristotle  takes  oc-         Platonism  however  prevailed  among  the  Greeks,  and 
Men'teisde-     was  by  them,  and  particularly  by  Gemisiiya  Pletho,  in- 


livered  in  his  loib  book  of  laws,  and  his  Parmenides. 

St.  Augustine  commends  the  Platonic  philosophy  ;  and 
even  says,  that  the  Platonists  were  not  far  from  Chris- 
tianity, It  is  also  ceftuin  that  most  of  the  celebrated 
fiithers  were  Platonists,  and  borrowed  many  of  their  e.\; 
planations  of  Scripture  from  the  Platonic  system.  To  ac- 
count for  this  faci,  it  may  be  observed,  that  towards  the 
end  of  the  second  century,  a  new  sect  of  philosophers, 
called  the  modern,  or  later  Platonics,  arose  of  a  sudden, 
spread  with  amazing  rapidity  through  the  greatest  part  of 
the  Roman  empire,  swallowsd  u  ' 
sects,  and  proved  very  detrimental 


troduced  into  Italy,  and  established,  under  the  auapiccft 
of  Commode  Medicis,  about  the  year  1439.  who  ordered 
Marsilius  Ficinus  to  translate  into  Latin  the  works  of  tha 
most  renowned  Platonists. 

PLATONISTS,  the  followers  of  Plato;  otherwiM  called 
Academics,  from  Academia,  the  name  of  the  place  that 
philosopher  chose  for  his  residence  at  Athens. 

PLEIAD  t.S,  an  assemblage  of  gevea  stais  in  the  neck 

of  the  constellation  Taurus,  the  bull;  though  there  are 

now  only  six  of  them  visible  to  the  naked  eye.    The 

all  the  other     largest  of  these  is  of  the  third  magnitude,  and  called  Lu- 

Chrisiianity.  cido  Plciadum. — The  Greeks  fabled,  that  the  name  Plei- 


x>l  of  Alexandria  in  Egypt,  instituted  by  Plo-  ades  was  given  to  these  stars  from  seven  daughter*  of  At- 
Icmy  Phiiadelphus,  renewed  and  reformed  the  Platonic  las  and  Pleiotte,  one  of  the  daughters  of  Oceanus,  who 
philosophy.     The  votaries  of  this  system   distinguisbed     having  been  the  nurses  of  Bacchus,  were  for  iheir  ser- 

-.        -       .  vices  taken  up  to  heaven  and  placed  there  as  Stan,  where 

they  stiU  shine.  The  meaning  of  which  fable  may  be, 
that  Atlas  first  ebserred  these  5tars,  and  called  them  by 
the  names  of  the  daughters  of  his  wife  Pleione. 
PLENILUNlUM,;,the  full-moon. 
PLENU  M,  in  Physics,  signifies  that  state  of  things,  ia 
'of  theGospel,  lhetitle,tbadigtuty,Bnd  the  b^bitof  philo-  which  every  part  of  (jwce,  or  extension,  is  supposed  to 
sophers.  Ammonius  Saccfs  was  its  principal  founder,  be  full  of  matter :  in  opposition  to  a  vacuup,  which  i*  a 
who  wai  tucceeded'by  his  disciple  Flotinus,  as  this  latter  space  devoid  of  all  matter. — The  Cartesians  heW  the  doc- 
was  by  Porphyry,  the  chief  of  iboM  formed  in  hit  sckool.    trine  of  an  absolute  plenum ;  namely  on  this  principle. 


themselves  by  the  title  of  Platonics,  because  ihey  thought 
that  thu  sentiments  of  Plato  concerning  the  Deity  and  in- 
visible things,  were  much  more  rational  and  sublime  than 
those  of  the  othet  philti^phers.  This  new  species  of 
Platonism  was  embraced  by  such  of  the  Alexandrian 
Christian*  as  were  desirous  to  retain,  with  the  professii 
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PLUS,  in  Algebra,  the  affirmative  or  pmitive  sign  +, 

signifying  more  or  addition,or  that  the  quantity  following  it 

iseither  tobecotiaictcrtdasapositiveoraffirmativequaulity, 

or  that  it  is  to  be  added  to  the  other  quantities;  k>4  -«-  6=,   ' 

10,  is  read  tKu%  4  plus  6  is  equal  to  10.      See  Ajfirwa- 

t  early  writers  of  Algebra,  as  Lucas 

artaglia,  &c,  wrote  the  word  mostly 

t  full  length  :  afterwards  this  was  conirBCtcd  or  abbrc- 

ialed,  using  one  or  two  of  its  first  letters;  which  Initial 

las,  by  the  Gi,Tmans  I  thiiiii,  corrupted  to  the  present 

haraeter  +  ;  which  I  find  drat  used  by  Stifelius,  printed 


that  the  eswnci^  of  matier  .consists  in  extemion  ;  and  con- 
sequently, iherc'  beii^  every  where  extension  or  space, 
there  is  every  where  matter':  which  is  little  better  thai 
begging  the  question. 

PLINTH,  in  Arehitecture,  a  flat  sqtiare.  member  ii 

form  of  a  brick  or  tile  ;  used  as  the  foot  or  foundation  of  tive  Sign. 

columns  and  pillars.  Ace.  de  Burgo,  Cardan, 

PLOT,  in  Surveyhig,  the  plan  or  draught  of  any  par- 
cel of  ground  ;  as  a  Geld,  farm,  oi  manor,  &C. 

PLOTTING,  ID  Surveying,  the  describing  or  laying 
down  on  paper,  the  several  angles  and  lines,  &c,  of  a' 
tract  of  Und,  that  has  been  surveyed  and  measured.  Plot- 
ting is  usually  performed  by  two  instruments,  the  pro-         PLUVIAMETER,  a  machine  for  measuring  the  quan- 

tractor  and  plotting- scale ;  the  former  serving  to  lay  oft'  tily  of  rain  that  falls.     There  is  described  io  the  Philos. 

all  the  angles  that  have  been  measured  and  set  down,  and  Trans,  (numb.  473)>  by  Robert  Pickering,  under  the  nama 

the  latter  all  the  measured  lines.     See  these  two  inslm-  of  an  Ombrameter,  an  instrument  of  this  kind.    It  con- 

ments  under  their  respective  names.  .  sists  of~a  tin  funnel  (f^  whose  surface  is  an  inch  square 

pLOTTiKO  S^ale,  a  mathematical  instrument  chiefly  (fig.  Ci,  plate  25};  a  flat  board  aa;  and  a  glass  tube  bb, 

used  for  the  plotting  of  grounds  in  surveying,  or  setting  set  into  the  middle  of  it  in  a  groove ;  and  an  injex  with  ' 

off  the  lengths  of  the  lines.     It  is  either  6,9,  or  12  inches  divisions  re;  the  board  and  tube  being  of  any  length  at 

in  length,  and  about  an  inch  and  half  broad ;  being  made  pleasure.    The  bore  of  ihe  tube  is  about  half  an  inch 

nf  b6:t-wood,  brass,  ivory,  or  silvbr ;  those  of  ivory  are  which  Mr.  PickeHng  says  is  the  best  size.     The  machine 

the  neatest.  is  fixed  in  some  fre^  and  open  plao*,  as  the  top  of  Uie 

Thisi  instrument  contains  various  scales  or  divided  lines,  house,  &c.  >  , 
on  both  sides  of  it.  On  the  one  side  are  a  number  of  The  ^ain-gauge  employed  at  the  house  of  the  Royal  So- 
plane  scales,  or  scales  of  equal  divisions,  each  of  a  dif-  ciety  is  described  by  iHr.  Cavendish,  in  the  Pbilos.  Trans, 
ferent  number  to  the  inch  ;  as  also  scales  of  chords,  for  for  1776,  p.  384.  The  vessel  which 
laying  down  angles  ;  and  sometimes  even  the  degrees  of  receives  the  rtvin  is  a  c»nical  funnel,  ' 
a  circle  marked  on  one  edge,  answering  to  a  centre  mark-  strengthened  at  the  top  by. a  brass 
«d  on  the  opposite  edge,  by  which  means  it  serves  also  aa  ring,  13  inches  ia  diameter.  The 
a  protractor.  On  the  other  side-  arc  several  diagonal  sides  of  the  funnel  and  inner  lip  of 
•calcs,  of  dil!erent  sizes,  or  different  divisions  to  the  inch ;  the  brass  ring  are  inclined  to  the  ho- 
■erving  to  take  off  lines  expressed  by  numbers  to  three  di-  riaon,  in  an  angle  of  above  65°;  and 
nensions,  as  units,  tens,  and'hundredsi  as  also  a  scale  of  the  outer  lip  in  an  angle  of  above 
divisions  which  are  the  lOOth  parts  of  a  foot.  But  the  SO";  which  arc  such  degrees  of  steep- 
most  useful  of  ail  the  lines  that  can  be  laid  upon  this  in-  ness,  that  there  seems  no  probabi- 
Btrument,  though  not  always  done,  is  a  line  or  plane  scale  lity  either  that  any  rain  which  falls 
upon  the  two  opposite  edges,  made  thin  for  thai  purpose,  within  the  funnel,  or  on  the  inner 
This  is  a  very  useful  line  in  surveying;  for  by  laying  the  lip  of  the  ring,  shall  dash  out,  or 
instrnment  down  upon  the  paper,  with  i^  divided  edge  that  any  which  falls  on  the  outer  lip  shall  dash  into  the 
along  a  line  npon  which  are  to  be  laid  off  several  distances,  funnel.  The  annexed  figure  is  a  vertical  section  of  the 
for  the  places  of  ofF-sets,  &c  ;  these  distances  are  all  trans-  funnel,  due  and  abc  being  the  brass  ring,  Ba  and  ka  the 
furred  at  once  from  the  instrument  to  the  line  on  the  pa-  inner  lip,  and  bc  and  be  the  outer. 

per,  by  making  small  marks  or  points  against  the  respective        Infixing  pluviamcters,  care  should  be  taken  that  the 

divisions  on  the  edge  of  the  scale.    See  fig.  2  and  3,  plates  rain  may  have  free  access  to  them,  without  being  impeded 

S6  and  27.  or  overshaded  by  buildings,  &c ;  and  therefore  the  tops 

PLOTTiNO-ToWe,  in  Surveying,  is  used  for  a  plane  ta-  of  houses  are  mostly  lo  be  preferted.     Also  when  the 

ble,  as  improted  by  Mr.  Beighton,  who  has  obviated  many  quantities  of  rain  collected  in  them,  at  different  places, 

inconveniences  attending  the  use  of  the  common  plane  are  compared  together,  the  instruments  ought  to  be  fixed 

table.     See  Philos.  Trans,  numb.  46l.  at  the  same  height  above  the  ground  at  both  places;  be- 

PLOUGHi.or  Plow,  in  Navigation,  an  ancient  mathe>  causd  at  different  heights  the  quantities  are  always  dif- 

matical  instrument,  made  of  box  or  pear-tree,  and  used  ferent,  even  in  the  same  place.     And  hence  also,  any  re- 

to  take  the  height  of  the  sun  or  stars,  in  order  to  find  the  gister  or  account  of  rain  in  the  pluviameter,  ought  to  be 

latitude.  This  instrument  admits  o'f  the  degrees  to  be  very  accompanied  with  a  note  of  the  beight  above  tbe  ground 

large,  and  has  been  much  esteemed  by  many  artists;  the  instrument  is  placed  at.     See  SuoiUiiy  ^Raih, 
though  now  quite  put  of  use.                        '  PNEUMATICS,  that  branch  of  natural   philosophy 

Thovtin-Manday,  the  first  afler  Epiphany,  or  Jan.  6.  which  treats  of  tbe  weight,  pressure,  and  elasticity  of  the 

PLUMB-LiNE,  a  term  among  artificers  for  a  line  per-  atr,  or  elastic  fluids,  with  Uie  effects  arising  from  them. 


pendicular  to  the  horizon. 

PLUMMET,  Plu«b-hule,  or  Plukb-line,  i 
ttrument  used  by  masons,  carpenters.  Sic,  to  draw  per- 


Wolfius, instead  of  pneumatics,  uses  the  terra  Aeromotry.^ 
This  is  a  sister  science  to  Hydrostatics  ;  the  one  consider- 
ing the  air  in  the  latne  manner  at  the  other  does  water. 


pendiculars;  in  order  tn  judge  whether  walls,  jcc,  be  up-  And  some  consider  pneumalici  as  a  branch  of  mechanics; 

right,  or  planet  horiEontal,  and  tbe  like,  because  it  considers  the  air  in  motion,  with  tbe  conse- 

PLUNGER,  in  ftf  echanics,  a  solid  bjnss  cyli&der,  used  quent  eflectsr— For  tbe  nature  and  propertioi  of  air,  lee 

aa  a  forcer  in  forcing- pumps.  the  article  Air,  where  tbey  are  pret^  largely  treated  of, 
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To  ■  which  may  be  added  the  following,  » 
Diorf  particularly  the  science  of  pneuniatics, 
in  a  few  propnsitioiis,  ami  their  corollaries.  dl 

"  "".   T/te  Atria  a  heavy  find  body,  which  surroundt     th 


hich  respects     and  the  whole  taasi  of 
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d  gravitate!  on  ail  parti  t^  the  earth't  turfat 
These  |>ropertie3  of  air  are  proved  byesperience.  That 
it  i»  a  fluid,  is  evident  from  its  easily  vielding  to  any  the 
least  force  impressed  upon  it,  with  litile  or  no  sensible  re- 
sistanrc.-.-But  when  it  is  moved  briskly,  by  any  means,  as 
by  a  fan,  ur  a  pair  of  bellows  ;  or  when  any  body  is  moved 
swiftly  through  it ;  in  these  cases  we  become  sensible  of  it 
as  ft  body,  by  the  resistance  it  makes  in  such  motions, 
and  also  by  its  impelling  or  blowing  away  any  light  sub- 
Uances.  So  that,  being  capable  of  resistfng,  or  moving 
other  bodies  by  its  impulse,  it  must  itself  be  a  body,  and 
be  heavy,  like  all  other  bodies,  in  proportion  to  the  mat- 
ter it  contains  ;  ond  therefore  it  will  press  upon  all  bodies 
that  are  placed  under  it.— And  being  a  fluid,  it  will  spread 
-  itself  over  the  entire  surface  of  the  earth  ;  also  like  other 
tluids  it  will  frr^vitE 
the  earth's  surface. 

The  gravity  and  pressure  of  the  air  is  also  evident  fKim 
many  experiments.  Thus,  for  instaiicr,  if  water,  or  quick- 
silver, be  poured  into  the  tube  ACK,and  the  air  be  suffered 


become  there  condensed,  be- 

i  not  easily  compressed  into  a  leas  space. 

the  force  which  injected  the  air  at  r, 

II  begin  to  rise  from  thence  in'  a  jet,  being 


hed  up  the  pipe  by  the  increased  elasticity  of  the  i 
c,  by  which  it  presses  on  the  surface  of  th»  water,  and 
forces  it  through  the  pipe,  till  as  much  be  cjipelied  a& 
there  was  air  forced  in;  when  the  air  at  g  will  be  re 
duccd  to  the  same  density  as  at  first,  and,  the  balance  be- 
ing restored,  the  jet  ceases. 

Likewise,  if  into  a  jar  of  water  ab,  be  inverted  an  empty 
glass  lurobler  Ci  or  such  like ;  the  water  will  cntei  it,  and 


c  upon,  and  press  every  where  upon 
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to  press  upon  it,  in  both  ends  of  the  tube;  the  fluid  will 
rest  at  the  same  height  in  both  the  legs:  but  if  the  air  be 
drawn  out  of  one  end  as  e,  by  any  means ;  then  the  air 
pressing  on  the  other  end  a,  will  press  down  the  fluid  in 
this  leg  at  n,  and  raise  it  up  in  the  other  to  d,  as  much 
higher  than  at  b,  as  the  pressure  of  the  air  is  equal  to. 
By  which  it  appears,  not  only  that  the  air  does  really 
press,  but  also  what  the  quantity  of  that  pressure  is  equal 
U>>     And  this  is  the  principle  of  the  barometer. 

Prop.  II.  TTie  air  it  alio  ttn  elastic  jluid,  being  eondcnsi- 
bie  and  eipajmble.  And  the  law  it  obterbes  in  thit  retpeci 
i*  ihii,  that  itt  density  is  alivm/i  praporiiotul  to  deforce  by 
xnhieh  it  tf  compressed. 

This  property  of  the  air  is  proved  by  many  experiments. 
Thtat  if  the  handle  oF  a  syringe  be  pushed  inwards,  it 
will  condense  the  inclosed  air  into  a  less  space;  by  which 
it  is  shown  to  be  condensible.  But  the  included  air,  thos 
condensed,  wilt  be  felt  to  act  strongly  against  the-  hand, 
and  to  resist  the  force  compressing  it  more  and  more ;  and 
on  withdrawing  the  hand,  the  handle  is  pushed  back 
again  to  where  it  was  at  hrst.  Which  shows  that  the' air 
is  clastic. 

Again,  till  a  strong  bottle  half  full  with  water,  and  then 
insert  a  pipe  into  it,  putting  its  lower  end  down  near  to 
the  bottom,  and  cemrnting  it  very  close  round  the  mouth 
of  the  bottle.  Then  if  air  be  strongly  injected  through 
the  pipe,  as  by  blowing  with  the  mouth  or  otherwise,  it 
will  pass  through  the  water  from  the  lower  end,  and 
ascend  up  into  the  part  before  occupied  by  the  sir  at  a. 
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partly  fill  it,  but  not  near  so  high  as  the  water  in  the  jar, 
compressing  and  condensiitg  the  air  into  a  less  space  in  the 
tipper  part  c,  and  causing  the  glass  to  make  a  sensible  re- 
sistance to  the  hand  in  pushing  it  down.  But  on  removing 
the  hand,  the  elasticity  of  the  interna!  condensed  air 
throws  the  glass  up  again. — All  these  showiug  that  the  air 
is  condensible  and  elastic. 

Again,  10  show  the  rate  or  proportion  of  the  elasticity 
to  the  condensation  ;  take  a  long  slender  glass  tube,  open 
at  the  top  A,  bent  near  the  bottom  or  close  end  s,  and 
equally  wide  throughout,  or  at  least  in  the  part  bd  (2d 
tig.  above).  Pour  in  a  little  quicksilver  ai  a,  just  to  cover 
the  bottom  to  the  bend  at  cd,  and  to  stop  [lie  communi- 
cation between  the  external  air  and  the  air  in  do.  Then 
pour  in  more  quicksilver,  and  mark  the  corresponding 
heights  at  which  it  stands  in  the  two  legs :  so,  when  it  rises 
to  H  in  the  open  leg  aC,  let  it  rise  to  e  in  the  close  one, 
reducing  its  included  air  from  the  natural  bulk  nn  lo  the 
contracted  spac^BE,  by  the  pressure  of  the  column  lie  j 
and  when  the  quicksilver  stands  at  i  and  k,  in  theopenieg, 
let  it  rise  to  f  and  c  in  the  other,  reducing  the  air  to  the 
respective  spaces  bf,  bg,  by  the  weights  of  the  columns 
^/■,  K^.  Then  it  is  always  foun'd,  that  the  condensations 
and  elasticities  arc  Bs  the  compressing  weights,  or  columns 
of  the  quicksilver  and  the  atmosphere  together.  So,  if 
the  natural  bulk  of  the  air  BD  be  compressed  into  the 
spaces  BE,  BF,  lie,  or  reduced  by  the  spaces  de,  d?,'dg, 
which  arc  J,  I,  ^  of  bd,  or  as  the  numbers  1,  2,  3  ;  then 
the  atmosphere,  together  with  the  corresponding  column 
He,  i^  Kg,  will  also  be  found  lobe  in  the  same  proportion, or 
as  the  numbers  1,2,3:  and  then  the  weights  of  the  quick- 
silver are  thus,  viz,  ne  =  Ja,  ^  =  a,  and  k^  =  3a  ; 
where  a  denotes  the  weight  of  the  atmosphere.  Which 
shows  that  the  condensations  arc  directly  as  the  cuuipres- 
siiig  forces.  And  the  elasticities  are  also  in  ihe  sam^  pro- 
portion, since  the  pressures  in  ac  arc  sustained  by  the 
elasticities  in  bd. — From  the  foregoing  principles  may  be 
a  D 
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deduced  mmiy  ustlut  rcmxtkib  as  in  the  rollowing  corol- 

Corol.l.  The  space  that  any  quantity  of  air  is  con- 
fined in,  ji  reciprocally  as  the  force  that  compresses  it. 
So,  the  forces  which  confine  a  quantity  of  air  iu  the  cy- 
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a*  its  hoiit  is  more  or  loss.  And  it  has  hren  fuuud  by  ix- 
perinieut  that  ita  datttcity  is  increased  at  the  followinf; 
rale.  vi>,  by  the  435th  part,  by  each  degree  of  beat  ex- 
pressed by  Fahrenheit's  thermometer,  of  which  there  arc 
180  between  ibe  freesing  and  boiling  point.  It  has  also 
been  found  (Philos.  Trans.  1777.  pa.  500  &c),  that  water 
expands  the  6666th  part,  with  each  degree  of  heat ;  and 
mercury  the  9600lh  part  by  each  degree.  .Moreover,  the 
relative  or  specific  gravities  of  these  tlirce  substances,  are 
ai  follow : 

Air  1-232  ■) 

Water         1000  J- 

Mercury  136oO  J 
Also  these  numbers  are  the  weights  of  a  cubic  foot  of  each, 
in  the  same  circumstances  of  the  barometer  and  thermo- 


!1^". 


the  barom.  is  at  30, 
the  thcrinoro.  at    Si. 


: of  the 

see  under  its  proper  article. 
some  places,  the  air  sustaini 
mercury  of  about  2S  inches 
column  of  29,  or  10,  or  nea 
31,butc 
indeed  mostly  r 


lindiical  spaces  AG,  bg,  CO,  arc  reciprocally  as  the  same, 
or  reciprocally  as  the  heights  ad,b'd,  cd.  And  therefore, 
if  to  the  two  perpendicular  lines  ad,dh,  as  asymptotes,  the 
hyperbola  ikl  be  described,  and  the  ordinates  ai,  bk,  cl 
be  drawn  ;  then  the  forces  which  confine  the  air  in  the 
spaces.  AG,  BO,  co,  will  he  as  the  corresponding  ordinales 
AI,  BK,  CL,  since  these  are  reciprocally  as  the  abscisses 
AD,  BD,  CD,  by  the  nature  of  the  hyperbola, 

Cprol.  2.  All  the  air  near  the  earth  is  in  a  stale  of  com- 
pression, by  the  weight  of  the  incumlwnt  atmosphere. 

Corot.  3.  The  air  is  denser  near  the  earth,  than  in  high 
places  ;  or  denser  at  the  foot  of  a  mountain,  than  at  the 
top  of  it.     And  the  higher  above  the  earth,  the  rarer  it  is. 

Carol.  4.  The  spring  or  elasticity  of  the  air,  is  equal  to 
■  the.wcighiof  thealmosphere  above  it ;  and  they  will  pro- 
duce the  same  effects;  since  ihey  are  always  sustained  and 
balanced  by  each  other. 

Carol.  5.  If  the  density  of  the  air  he  increased,  pre- 
serving the  same  heat  or  temperature  ;  its  spring  or  elasti- 
city will  also  be  increased,  and  in  the  same  proportion. 

Carol.  6.  By  the  gravity  and  pressure  of  the  atmosphere 
upon  the  surfaces  of  fluids,  the  fluids  are  made  to  rise  in 
any  pipes  or  vessels,  when  the  spring  or  pressure  within  is 
diminished  or  inken  off. 

Prop.  III.  Heat  inCTeaaet   the  elaaticily  V"  '^*  pir,  and      cury  weighing  nearly   13600 
cold  diminUkait.     Or  heal  expands,  and  cold contracti  and     will  weigh  the  1728th  part 
condouct  the  air,  ' 

This  property  is  also  proved  by  experience, — Thus,  tic 
a  bladder  very  close,  with  some  air  in  it ;  and  lay  it  be- 
fore the  fire  ;  then  as  it  warms,  it  will  more  and  more  di- 
stend the  bladder,  and  at  last  burst  it,  if  the  heat  be  couti- 
nucd  and  increased  high  enough.  But  if  the  bladder  be 
removed  from  the  fire,  it  will  contract  again  to  iis  former 
state  by  cooling.— It  was  on  this  principle  that  the  firbt 
air-balloons  were  made  by  Monlgolticr :  for  by  heating 
the  air  within  them,  by  a  fire  underneath,  the  hot  air  di- 
stends them  to  a  size  which  occupies  a  space  in  the  at- 
mosphere whose  weight  of  common  air  exceeds  that  of 
the  balloon. 

Also,  if  a  cup  or  glass,  with  a  little  air  in  it,  be  inverted 
into  a  vessel  of  water ;  and  the  whole  be  heated  O' 


pROP.IV.  Vieveightor preuureqftie  atmog>bert,tipo)t 
ai^  bate  at  the  surface  qf  the  earth,  u  tqual  to  the  vieight  t^ 
u  column  qfquicirilver  qf  the  Mame  ba*e,  and  iu  height  bt- 
Ivieca  28  and  31  inches, 

■ed  by  the  barometer,  an  instrument  which 
ir;  the  description  of  which 
For  at  some  seasons,  and  in 
and  balances  a  column  of 
but  at  others,  it  balances  a 
'  31  inches  high ;  seldom  in 
mmonly  about  the  means  2<) 
ar  30.     A  variation  which 
depends  partly  on  the  different  degrees  of  heat  in  the  air 
near  the  sdrface  of  the  earth,  and   partly  on  the  commo- 
tions and  changes  in  the  atmosphere,  from  winds  and  other 
causes,  by  which  it  is  accumulated  in  some  places,  and 
depressed  in  others,    being  thereby   rendered  denser  and 
heavier,  or  rarer  and  lighlcr;  which  changes  in  its  state 
are  almost  continually  happening  in  any  one  place.  ,  But 
the  medium  state  is  from  99i  to  30  inches. 

Carol,  1.  Hence  the  pressure  of  the  atmosphere  on  every 

square  inch  at  ibe  earth's  surEace,  at  a  medium,  is  very 

near  15  pounds  avoirdupois.     For,  a  cubic  foot  of  mer- 

i,  a  cubic  inch  of  it 

aim 


t  8  ounces,  or 

It  of  1  he  atmosphere  for 

.  base  of  a  square  inch  ; 

lium  height  of  the  baro- 

nds,  or  rather  14|lb  very 


pound,  which  i: 
every  inch  of  the  barometer  o 
and  therefore  291  inches,  the  □ 
meter,  weighs  almost  15  poui 

Carol.  2.  Hence  also  the  wci^t  or  pressure  of  the  at' 
mosphere,  is  equal  to  that  of  a  column  of  water  from  33 
to  35  feel  high,  or  on  a  medium  33  or  34  feet  high.  Fot 
water  and  quickitlver  are  in  weight  nearly  as  1  to  13'6^ 
so  that  the  atmosphere  will  balance  a  column  of  u^ter 
I9'6  times  higher  than  one  of  quicksilver;  con^quently 
13-6  t  30  inches  =  408  inches  or  34  feet,  is  near  the 
medium  height  of  water,  or  it  is  more  nearly  33|  feet. 
And  hence  it  appears  that  a  conmon  sucking  pump  wili 
raise  water  higher  than  about  34  feel.     And  tb%t  a 


otherwise :  the  air  in  the  top  Aill  expand  till  it  fill     syphon  will  not  run  if  the  perpendicular  height  of  the  top> 


ixpel  the  water  out  of  it ;  and  part  of  thi 
air  itself  will  follow,  by  continuing  or  increasing  the  heat. 
—Many  other  experiments  to  the  same  eflcct  might  be  ad- 
duced, all  proving  the  properties  mentioned  iu  the  propo- 

Sfhol,.  Hence,  when  the  forceof  the  elasticity  of  the  air 
is  consiilered,  regard  must  be  had  to  its  heat  or  temperar 
ture ;  the  same  quandty  of  air  being  more  or  less  elastic^ 


of  it  be  more  than  33  or  34  feet  hig 

Corol.S.  If  the  air  were  of  the  same  uniform  denaity,  at 
every  height,  to  the  lop  of  the  atmosphere,  as  at  the  sur- 
face of  the  earth;  its  altitude  would  be  about  5i  miles  at 
a  medium.  For  the  weights  of  the  same  volume  of  air 
and  water,  are  nearly  as  1-33S  to  1000 ;  therefore  as 
1-S32  :  1000  ;  :  34  feel  :  27600  feet,  or  ij  miles  very 
nearly.    And  so  high  tlu  atmosphcn  would  be,  if  it  wenr 
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surface,  are  u  tba  logtrithnu  of  Uie  dwulici,  ot  weigbti 
of  air,  at  thoBcallitudes.     So  that, 

if  £  denote  the  density  at  tlie  nltitnije  a, 

and  d  (he  density  at  the  altitude  a ; 

then  A  beiDg  as  the  logarithm  of  d, 

and  a  aa  the  logamhm  of  it, 

the  dif.  of  aliitude^  —  a  will  be  as 

the  log.  of  D  —  log.  of  d,  or  as  log.  of  ~. 

And  if  A  ^  0,  or  D  the  density  at  the  surface  of  the 
earth,  then  any  altitude  above  the  surfaca  a,  is  as  the  log. 
Or,  in  general,  the  log.  of  ^  is  as  the  altitude  of 


all  of  nnifonn  <)eiisity,  like  water.  But,  from  itsexpansive 
md  elastic  quality,  it  becomes  continually  more  and  more 
rare  the  farther  above  the  earthj  in  a  certain  proportion 
which  will  be  treated  of  below. 

Gntd.'A,  From  this  prop,  and  the  last,  it  follows  that 
the  height  is  always  tbe  same,  of  a  uniform  atmosphere 
above  any  place,  which  shall  be  all  ofihe  uuiform  density 
with  the  air  there,  and  of  equal  weight  or  pressure  with 
the  real  height  of  the  atmosphere  al>ove  that  place,  whe- 
ther it  be  Ht  the  same  place  st  difierent  times,  or  at  any 
different  places  or  heights  above  the  earth  ;  a»d  that 
height  is  always  about  27600  feet,  or  5j.  miles,  as  found 
above  in  the  3d  corollary.     For,  as  the  density  varies  in 

exact  proportion  to  the  weight  of  the  column,  it  therefore     ',  .h^"  ,f'f„"  "nf  .r/L^rtt  n^  "„  L  ",^^^^^  ""^ 

requiresacolumnofthe  EBDie  height  mallcases,  tomake     "    i  ^  sur  m-c  n   t  ,o  eart     n.- nn.,  u.  ..^^  =  «> 


at  the  surface  of  the  earth,  or  any  wh<^re  else. 

And  from  thiii  property  is  derived  the  method  of  deter- 
mining the  heights  of  mountuini,  and  other  cnjincnces,  by 
the  barometer,  which  is  an  imtrumcBt  that  measures  the 
weight  or  density  of  the  air  at  aiiy  place.  See  Bahomk- 
TER..  For  by  taking  with  this  instrument,  the  pressure  or 
density  at  the  foot  of  a  hill  for  instance,  aii^  iiguin  at  the 
top  of  it,  the  difference  of  the  logarithms  of  these  iwopr^- 
sures,  or  the  logarithms  of  ibeir  quotient,  will  be  as  die 
difference  of  altitude,  or  a^  the  height  of  the  hill ;  sup- 
posing the  temperatures  of  the  air  to  be  the  same  at  both 
places,  and  the  gravity  of  air  not  altered  by  the  different 
distances  from  the  earth's  centre. 

See  more  on  this  head  under  the  articles  At  jsopphbrk 
and  BABouETEa. 

By  the  weight  and  pressure  of  the  atmosphere,  the  effect 
and  operations  of  pneumatic  engines  may  be  accounted 
for,  and  explained;  such  as  syphons,  pumps,  barometers, 
BcQ.     See  each  of  these  articlea,  also.Aia. 

Pneumatic  Engine,  the  same  as  the  Am  Puxf. 

POCKET  Electrical  4ppayatui.~-T\i\6  is  a  contrivance 
of  Mr.  William  Jonee,  in  Holborn,  the  £onn  of  which  is 
represented  in  plate  38,  &g.  4. 

I'bis  small  machine  is  capable  of  a  tolerably  itrong 
charge,  or  accumulation  of  electricity,  and  will  giv*  a 
stnall. shock  to  one,  two,  three,  or  a  gruter  Dtimfaer  of 
persons,  a  is  the  Leyden  phial  or  jar  that  holds  the 
charge,  b  is  the  discharger  to  discharge  tbe  jar  when  re-  ' 
quired  without  electrifying  the  persoit  ttuft  holds  it,  c  it 
a  ribbonpreparediQapeculUrnuiinet  soos  tobeexcitedt 
stratum  s  be  subtracted,  the  if-  and  communicate  its  electricity  to  the.  jar.  s  are  two 
the  next  higher  stratum  C ;     bair,  &c,  skin  rubbers,  which  are, to  be  placed  oo  tb«  first 


espective  weights  or  pressures.  Thus,  if  w  and  m  be 
the  weights  of  atmosphere  above  any  places,  d  and  d  their 
densities,  and  h  and  h  the  heights  of  the  uniform  coluinns, 
of  the  same  densities  and  weights :  Then  h  x  s  =  w, 
and  h  X  d  -^  w,  therefore  —  or  b  is  equal  to  -.-  or  h  ; 
the  temperature  being  the  same. 

Panp.  V.  Tlic  deniilj/  of  the  atmotphere,  at  different 
hdghu  ahave  the  earth,  decrtata  in  mch  aproportum,  that 
wheH  the  heights  inereaatia  arithmetical progreuion,  the  den- 
litiet  decreaie  in  geometrical  progremion. 

Let  the  perpendicular  line  a  p,  erected  on  the  earth,  be 
conceived  to  be  divided  into  a  great  number  of  very  small 
parts  A,  B,  c,  D,  &c,  forming  so  m^ny  thin 
strata  of  air  in  the  atmosphere,  all  of  different 
density,  gradually,  decreasing  from  the  great- 
est at  A :  then  the  density  of  the  several 
strata  a,  b,  c,  d,  &c,  will  be  in  geometrical 
progression  decreasing. 

For,  as  the  strata  a,  b,  C,  Sec,  are  all  of 
equal  thickness,  the  quantity  of  matter  in 
each  of  them,  is  as  the  density  there ;  but 
the  density  in  any  one,  being  as  the  com- 
pressing force,  is  as  the  weight  or  quantity 
of  matter  from  that  place  upward  to  the  tup 
of  the  atmosphere ;  therefore  the  quantity  of 
matter  in  each  stratum,  is  also  as  the  whole 
quantity  from  that  place  upwards.  Now  if 
from  the  whole  weight  at  any  place  as  b,  the 
weight  or  quantity 
raaiiider  will  be  the 


that  is,  from  each  weight  subtracting  a  part  which  is  pro-  and  middle  fingers  of  the  left  hand. 
portional  to  itself,  leaves  the  next  weight ;  or,  which  is  the  To  char ff  the  Jar.  Place  the  Mo  fiagerf^aps  n  on  tlie 
same  thing,  from  each  density  subtracting  apart  which  is  ^rstand  middle  fiuger  of  tbe  lefthwidi  hold  the  jar  a  8t 
always  proportional  to  itself,  leaves  the  next  density.  But  the  same  time,  at  the  joining  Of  tbe  red  and  blacJi  on  the 
when  any  quantities  are  continually  diminished  by  parts  outside  between  the  thumb  and  first  finger  of  tbe  saaw 
whidh  arc  proportional  to  themselves,  the  remainders  then  band;  then  take  the  ribbon  in  your  right  hand,  and  steadily 
fiirm  a  spries  of  Continued  proportionals;  and  conse-  and  gently  draw  it  upwards  between  the  two  rubbers  d,  on 
'juently  these  densities  are  io  geometrical  progression,  the  two  fingers;  taking  cnre  at  the  same  time,  that  the 
Thus,  if  the  first  density  be  d,  and  from  each  theie  bs     brass  ball  of  the  Ja^  is  kept  pearly  close  to  the  ribbon, 

while  it  is  passing  through  the  fingers.  By  repeating  this 
operation  twelve  or  fourteen  tira^  <he  electjical  fire  will 
pass  into  the  jar  which  will  become  charged,  and  by  pla- 
cing tbe  discharger  c  against  it,  as  in  the  plate,  yuu  will 


taken  its  sth  part;  then  there remaitis its  -  --■■  part,  oi 
ihc  part,  putting  nt  for  n  —  1 ;  and  tlierefore  the  se- 
^  D,   "^  D,  Sec,  —  be- 


ries  of  densities  will  be  n 


ing  the  common  ratio  of  the  series. 
Scliol.  liecause  the  terms  of  an  arithmetical  series  a 


iblc  spark  pass  from  tbe  ball  of  tiie  jar  to  that  of 
the  discharger.  If  the  apparatus  be  dry  arid  in  good  ofder, 
you  will  hear  the  crackling  of  the  fire  when  the  ribb««  is 
passing  through  the  fingers,  and  the  jar  will  diwharguat 


proportional  to  the  logarithms  of  the  terms  of  a  geome-     tbe  distance  represented  in  the  figure. 


trical  series;  therefore  different  altitudes  above  the  earth's         To  electrify -a  Ferton. 


You  must  desire  him  to  take  the 
3D  2 
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jar  in  one  hand,  ami  with  theolbertoachthcknob  of  it:  presenting  it  sgatn.tbejr  will  again  disappear.     So  that  the 

or,  if  diversion  is  intended,  desire  the  person  to  smell  at  point  of  the  needle  draws  off  silently  almost  all  the  fluid, 

the  knob  of  it,  inexpectatioii  of  smelling  the  scent  of  a  rose  which  is  thrown  by  the  cylinder  or  globe  of  the  machine 

or  a  pink ;  this  last  mode  has  occasioned  it  to  lie  some-  upon  the  prime  conductor.     This  experiment  may  be 

times  called  the  Magic  Smelling  Bottle.  varied,  by  fixing  the  needle  upon  the  prime  condncior 

PosTiCAi.  Kwii^-aiid  Selling.     See  Rising  and  Sett-  with  the  point  upward;  and  then,  though  the  knobofa 

IKO, — The  ancient  poets,  referring  the  rising  and  setting  of  discharging  rod,  or  the  kntickle  of  the  tinger,  be  broughi 


o  that  of  the  sun,  mnke  thrce'kinds  of  rising  ( 
setting,  viz,  Cosmical,  Acronical,  and  Heliacal.    Sec  each 
of  these  words  ih  its  place. 

POWT,  ii  term  used'in  various  arts  and  sciences. 

Poii^T,  in  Architenure.     Arches  of  the  third  Point, 
and  Arches  of  the  fourth  Paint.     See  Arches. 

Point,  in  Astronomy,  is  a  term  applied  to  certain  parts 
or  places  marked  in  the  heavens,  and  distinguished  by  pro- 
per terms.  The  four  grand  points' or  divisions  of  the  hori- 
xon,  viz,  the  east,  west,  north,  and  south,  arc  called  the 
Cardinal  Points.— The  zenith  and  nadir  arc  the  Vertical 
Points.— The  points  where  the  orbits  of  the  planets  cut  the 
plancof  theeciiplic,are  called  thcNodes.—Thepoinls  where 
the  ecliptic  and  equator  intersect,  are  called  the  Equinoc- 
tial Points.  In  particular,  that  where  the  sun  ascends  to- 
lorth  pole  is  called  the  Vernal  Point;  and  that 


very  near  the  prime  conductor,  and  the  excitation  be  very 
strong,  little  or  no  spark  will  bcjierccivcd.— The  influence 
of  points' is  also  evinced  in  the  amusing  exp^rimeni,  com- 
monly called  the  clectiical  honie-race,  and  many  others. 

SeeTlttlNDBR-AoWf.       . 

Tile  late  Mr.  Henly  exhibited  the  efficacy  of  p<iinled 
bodies,  by  suspending  a  large  bladder,  well  blown,  and 
covered  vrilh  gold,  silver,  or  br«ss  leaf,  by  uieana  of  gum- 
water,  at  the  end  of  a  silken  thread  6  or  /  feet  iong,  hang- 
ing from  the  ceiling  of  a  room,  and  electrifying  the  bladder 
by  giving  it  a  strong  spark  with  the  knob  of  a  charged 
bottle  :  on  presenting  to  it  the  knob  of  a  wire,  it  caused 
the  bladder  to  move  towards  the  knob,  and  when  nearly 
in  contact  gave  it  a  spnrk,  thus  discharging  its  electricity. 
By  giving  the  bladder  another  charge,  and  presenting  the 
point  ofa  needle  to  it,  the  bladilcr  was  not  attracted  by 


wards  the  n         _ 

where  be  descends  towards  the  sooth,  the  Autumnal  Point,  the  point,  but  rather  receded  from  it,  especially  w 

'^The  highest  and  lowest  points  of  the  ecliptic  arc  called  needle  was  suddenly  presented  towards  ii. 

the  Sulstitial  Points.     Particularly,  the  former  of  them  But  oxpt^riments  evincing  the  efficacy  of  pointed  bodies 

the  Estival  or  Summer  Point;  the  latter,  the  Brumal  or  forsilenlly  receiving  orthrowing  off  the  elertric  fhiid,may 


Winter  Point. 

Points,  in  Electricity,  are  those  acute  terminations  of 
bodies  which  facilitate  the  passage  of  the  elecirical  fluid 
either /rom  or  lo  such  bodies.  Mr.  Jalhtbcrt  was  pro- 
bably the  first  person  who  observed  that  a  body  pointed  at 
one  end,  and  round  st  the  other,  produced  different  ap- 
pearances on  the  same-  body,  according  as  the  pointed  or 
round  end  was  presented  to  it.  But  Dr.  Franklin  first  ob- 
served and  evinced  the  whole  effect  of  pointed  bodies,  both 
in  drawing  and  throwing  off  electricity  at  greater  distances 
than  other  bodies  could  do  it;  though  ho  candidly  ac- 
knowledges, that  the  power  of  points  to  throw  off  the  elec- 
tric fire  was  communicated  to  him  by  his  friend  Mr. 
Thomas  Hopbinson. 

Dr.  franklin  electrified  an  iron  shot,  3  or  4  inches  in 
diameter,  and  observed  that  it  would  not  attract  a  thread 
when  the  point  of  a  needle,  communicating  with  the  earth, 
was  presented  to  it;  and  he  found  it  even  impossible  to 
electrify  an  iron  shot-when  a  sharp  needle  lay  upon  it. 
This  remarkable  property,  possessed  by  pointed  bodies,  of  hihited  lo 
gradually  and  silently  feceiving  or  throwing  off  theelec-  driven  from  points, 
trie  fluid,  has  been  evinced  by  a  variety  of  other  familiar  .    -     ..     "~ 

experiments.  Thus,  if  one  hand  be  applied  to  the  outside 
coating  of  a  large  jar  fully  charged,  and  the  point  of  a 
needle,  hchj  in  the  other,  be  directed  towards  the  knob  of 
the  jar,  and  moved  gradually  near  it,  till  the  point  of  the 
needle  touch  the  knob  or  ball,  the  jar  will  be  entirely  dis- 
charged, so  as  to  give  no  shock  at  all,  or  one  that  is  hardly 
sensible.  In  this  case  the  point  of  the  needle  has  gradually 
-*nd  silently  drawn  away  the  superabundant  electricity 
from  the  electrified  jar. 

Further,  if  the  knob  of  a 
distance  from  the  prime  condi 

«Scape  from  the  latter  tn  the  former,  while  the  machine 
in  motion;  then  if  the  point  of  a  needle  he  presented, 
tliougb  at  twice  the  distance  of  the  rod  from  the  conduc- 
tor, no  more  sparks  will  be  seen  pasting  to  the  rod.    When 
Uio  needlv  is  tenoved,  the  (porks  will  bo  seen;  but  on 


ifioitely  diversified,  according  to  the  fancy  or  conve- 
nience of  the  electrician.  It  may  be  obsirved,  that  in  the 
case  of  points  throwing  off  or  receiving  Hectricily,  a  cur- 
rent of  air  is  sensible  at  an  electrified  point,  which  is  al- 
ways in  the  direction  of  the  point,  whether  the  electricity 
be  positive  or  n^aiive.  A  fact  which  has  been  well  ascer- 
tained by  many  electricians,  and  particularly  by  Dr.  Priest- 
ley and  Sig.  Beccaria.  TTie  former  contrived  to  exhibit 
the  influence  of  this  current  on  the  flame  of  a  candle,  pre- 
sented to  a  pointed  wire,  electrified  negatively,  as  well  as 
positively.  The  blast  was  in  both  cases  alike,  and  so  strong 
as  to  lay  bare  the  greatest  part  of  the  wick,  the  flame  being 
driven  from  the  point;  and  the  efl"ect  was  the  same  whe- 
ther the  electric  fluid  issued  out  of  the  point  or  entered 
into  it.  He  farther  evinced  this  phenomenon  by  means  of 
thin  light  vanes;  and  he  found,  as  Mr, Wilson  had  before 
observed,  that  the  vanes  would  not  turn  in  vacuo,  nor  in  a 
close  unexhausted  receiver  where  the  air  had  no  free  cir- 
And  in  much  the  same  manner,  Beccaria  es- 
iense  the  influence  of  the  wind  or  current  of  air 


the  Theory  of  the  phenomena  of  points,  these  are 
accounted  for  in  a  variety  of  ways,  hy  different  authors, 
though  perhaps  by  none  with  perfect  satisfaction.  See 
Franklin's  writings  on  Electricity;  Lord  Mnhon's  Princi- 
ples of  Electricity,  1779 ;  Beccaria's  Artificial  Electiidty, 
1776,  pa.  331;  and  Priestley's  History  of  Electricity, 
vol.2,  pa.  19], *dit.  1775. 

As  to  the  ^j^licatioa  of  the  doctrine  of  points;  it  may 
be  observed  that  there  is  not  a  more  important  fact  in  the 
history  of  electricity,  than  the  use  to  which  the  discovery 

rod  be  held  at  such  a     of  the  efficacy  of  pointed  bodies  has  been  applied.     Dr. 

that  sparks  may  easily  Franklin,  having  ascertained  the  identity  of  electricity  and 
lightning,  was  presently  led  to  propose  a  cheap  and  easy 
method  of  securing  buildings  from  the  damage  of  light- 
ning, by  fixing  a  pointed  metal  rod  higher  than  any  part 
of  the  building,  and  Communicating  with  the  ground,  or 
witlithe  nearest  water.    And  this  contrivance  was  actually 
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executed  in  &  variety  of  cases;  and  has  usually  bceo 
ihoiij^btanexctrllBnt  proterrative  against  the  tcrriLile  effecis 
of  liglitning. 

Some  few  instance*  liowcver  having  occurred, in  which 
buitilings  faav«  been  struck  an<l  daifiaged,  though  provided 
tviih  these  conductors;  a  controversy  arose  with  regard 
(o  their  expediency  end  utility.  In  this  controversy  Mr. 
Benjamin  Wilwn  took  the  lead,  and  Dr.  Musgravc,  and 
some  few  other  electricians,  the  least  acquainted  wiih  the 
subject,  concurred  witli  him  in  their  opposition  to  pointed 
elofntcd  condaclors.  Tiiese  gentlemen  allege,  that  every 
point,  as  such,  solicits  tiie  lightning,  and  thus  contributes 
not  only  to  increase  the  quantity  of  every  actual  discharge, 
'  -  but  also  frequently  to  occasion  a  discharge  irhen  it  might 
not  otbcrwise  have  happened  :  whereas,  soy  they,  if  instead 
of  poiutcd  conductors,  those  with  blunted  tenninationi 
were  used,  they  ivould  as  effectually  aiiswer  the  purpose 
of  conveying  away  the  lightning  safely,  without  rbe  same 
.  tendfncy  to  increase  or  invite  it.  Accordingly  Mr.  Wil- 
son, in  a  letter  to  the  marquis  of  Rockingham  (Pbilos, 
Trans,  vol.  5+,«ri.  44), expresses  his  opinion,  ilial,  in  order 
to  ptevent  lightning  from  doing  mischief  lo  higb  buildings, 
large  magaaines,  and  ibe  like,  instead  of  the  elevated  ex- 
teriial  conductors,  that,  on  the  inside  of  the  highest  part 
of  such  building,  and  within  a  foot  or  two  of  the  top,  it 
may  be  proper  to  fix  a  rounded  bar  of  metal,  and  to  con- 
tinue it  down  along  the  side  of  the  wall  to  any  kind  of 
moisture  in  the  ground. 

On  the  other  band,  it  is  urged  by  the  advocates  for 
pointed  conductors,  that  points,  instead  of  increasing  an 
actual  discharge,  really  prevent  a  discharge  where  it  would 
otherwise  happen,  and  that  blunted  conductors  tend  to  in- 
vite the  clouds  charged  with  lightning,  AnA  it  seems  to 
be  a  certain  fact,  that  thougb  a  sharp  point  will  draw  off 
a  charge  of  electricity  silently  at  a  much  greater  distance 
than  a  knob,  yet  a  knob  will  be  struck  with  a.  full  explo- 
sion or  shock,  the  charge  being  the  same  in  both  cases,  at 
a  greater  distance  than  a  sharp  point. 

The  efficacy  of  pointed  bodies  for  preventing  a  stroke  of 
lightning,  is  ingeniously  explained  by  Dr.  Franklin  in 
the  following  manner :— An  eye,  be  says,  so  situated  as  to 
view  horizontally  the  underside  of  a  thunder- cloud,  will 
see  it  very  ragged;  with  a  number  of  separate  fragments 
or  small  clouds  one  under  another;  Ifae  lowest  some- 
limes  not  far  from  the  earth.  These,  as  so  many  stepping- 
atones,  assist  in  conducting  a  stroke  between  a  cloud  and 
a  building.  To  represent  these  by  an  experiment,  he 
takes  two  or  three  locks  of  fine  loose  cotton,  and  connects 
one  of  them  with  the  prime  conductor  by  a  fine  thread  of 
i  inches,  another  lo  that,  and  a  third  to  the  second,  by 
like  threads,  which  may  be  spun  out  of  the  same  cotton. 
Then  by  turning  the  globe,  all  these  locks  will  extend 
ibemsolves  towards  the  table,  as  the  lower  small  clondx 
do  towards  the  earth;  but, on  presenting  a  sharp  point, 
erect  under  the  lowest,  it  will  shrink  up  lo  the  second,  the 
second  up  to  the  first,  and  all  together  to  the  prime  con- 
ductori  where  iliey  wjll  continue  as  long  as  the  point  con- 
tinues under  them.  May  not,  he  adds,  in  like  manner,  the 
small  electrilied  clouds,  whoseequilibrium  with  ibc earth  is 
soon  restored  by  tbe  point,  rise  up  to  the  main  body,  and 
by  that  means  occasion  so  large  a  vacancy,  as  that  the 
grand  cloud  cannot  strike  in  (hat  place?  Letters,  pa.  12], 

Mr.  Henty'toD,  as  well  as  several  other  persons,  with  a 
view  of  determining  the  question,  whether  points  or  knobs 
are  lo  fa«  preferred  for  the  terminations  of  cooductors, 
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made  several  experiments,  showing  in  a  variety  of  in- 
stances, the  efficacy  of  points  in  silently  drawii^  nlf  the 
electricity,  and  preventing  strokes  which  would  happen 
to  knobs  in  the  same  situation.  ,  Fhilos.  Tranj.  vol.  4, 
part  3,  art.  13.     Sec  also  TnirNDEH-Hoiwe. 

Indeed  it  has  been  uitiveraally  allowed,  that  in  cases 
where  the  quantity  of  electricity,  with  which  thunder^ 
clouds  are  charged,  is  small,  or  when  they  move  slowly 
in  iheir  passage  to  and  over  a  building,  pointed  conduc- 
tors, which  draw  off  the  electrical  fluid  silently,  within 
the  distance  at  which  rounded  ends  will  explode,  will 
gradually  exhaust  them,  and  thus  contribute  to  prevent 
a  stroke  and  preserve  tbe  buildings  to  which  they  are  an^ 

But  it  has  been  said  by  those  who  are  averse  to  the  use 
of  such  conductors,  that  if  clouds,  of  great  extent,  and 
highly  electrified,  should  be  driven  directly  over  them 
with  gr^at  velocity,  or  if  a  cloud  hanging  directly  over 
buildings  to  which  they  are  annexed,  suddenly  receives  a 
charge  by  explosion  from  another  cloud  at  a  distance,  so 
as  to  enable  it  instantly  to  strike  into  the  earth,  these 
pointed  conductors  must  lake  tbe  explosion;  on  account 
of  their  greater  readiness  to  admit  electricity  at  a  much, 
greater  distance  than  those  that  are  blunted,  and  in  pro- 
portion  to  the  diflercoce  of  that  striking  distance,  do  mis- 
chief iiisttad  of  good:  and  therefore,  I  hey  add,  that  such 
pointed  conductors,  though  they  may  be  sometimes  ad- 
vantageous, are  yet  at  other  times  prejudicial ;  and  that, 
as  the  purpose  for  which  conductors  are  fixed  upon  build- 
ings, is  not  to  protect  them  from  one  particular  kind  of 
clouds  only,  but  if  possible  from  alt,  it  cannot  be  advi- 
sable to  use  that  kind  of  conductors  which,  if  they  dimi- 
nish danger  on  the.  one  hand,  wiil  increase  it  on  the  other. 
Besiditi,  it  is  alleged,  that  if  pointed  conductors  are  at- 
tended with  any  the  slightest  degree  of  danger,  that  dan- 
ger must  be  considerably  augmented  by  carrying  them 
higb  up  into  the  air,  and  by  fixing  them  upon  every  aa- 
gle  of  a  building,  anil  by  making  thein  project  in  eveiy 
direction.  Such  is  the  reasoning  of  Dr.  Musgrave:  see 
his  paper  in  the  Philos.  Trans,  vol.  6»,  pan  2,  art  36. 

Mr.  Wilson  too,  dissenting  from  the  report  of  a  com- 
mittee of  tbe  Royal  Society,  appointed  to  inspect  the  da- 
mage done  by  lightning  to  the  house  of  the  Board  of  Ord- 
nance, at  Purdect,  in  1777,  was  led  to  justify  his  dissent, 
and  to  disparage  the  use  of  pointed  and  elevated  con- 
ductors, by  means  of  a  magnificent  apparatus  which  be 
constructed,  and  with  which  he  might  produce  elTects 
similar  to  those  that  had  happened  in  the  case  referred  to 
tbe  consideration  and  decision  of  the  commitlee.  With' 
this  view  he  procured  a  model  of  the  Board>house  at  Pur- 
fleut,  resembling  it  as  nearly  as  possible  in  every  esseniial 
appendage,  end  furnished  with  conductors  of  different 
lengths  and  terminations.  And  to  construct  a  substitute 
for  a  cloud,  he  joined  together  the  broad  rims  of  120 
drums,  forming  together  a  cylinder  of  155  fevt  in  length, 
and  above  16  inches  in  diameter;  and  this  immense  cy- 
linder, of  about  600  square  feet  of  coaled  surface,  wa* 
connected  occasionally  with  one  end  of  a  wire  4800  feet 
long.  As  this  bulky  apparatus,  representing  the  thunder- 
cloud, could  not  conveniently  be  put  in  motion,  he  con- 
trived to  accomplish  the  same  end  by  moving  the  model  of 
the  building,  with  a  velocity  answering  to  that  of  the 
cloud,  which  be  stales,  at  a  moderate  computation,  to 
be  about  4  or  5  miles  an  hour.  This  apparatus  was 
charged  by  a  machine  with  one  glaos  cylinder,  about  10 
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or  11  feet  from  its  neareit  end;  and  the  nhole  of  the  ap-  liam  Swift  bas  a  paper,  further  proMCtttkig  this  lulfject ;' 
paiatus  was  disposed  in  the  grem  room  of  tlio  Panlbeon,  roakin«  various  c.xperiraenls  with  simple  and  ingenious 
and  applied  to  use  in  a  vnriety  of  experiments.  But  it  machinery,  with  models  of  houses  and  clouds,  and  with 
is  impossible  wiiLin  the  limits  of  ihis  ariicle  to  do  justice  various  kinds  of  conductor.  From  the  experiments  he 
to  Mr.  Wilson's  experiments,  or  to  the  inferences  which  he  infers  in  general,  that  "the  whole  current  of  these  expcri' 
deduced  from  them:  we  can  only  obserw,  that  moat  of  mints  tends  to  show  the  preference  of  pcants  lo  balls,  in 
his  experiments,  in  which  the  model  of  the  house,  which  order  to  diminish  and  draw  off  the  electric  matter  when 
excited,  or  to  prerent  it  from  accumulat 


18  passed  swifity  under  the  artificial  cloud,  and  having 
annexed  to  it  either  the  pointed  or  blunt  conductors  at 
the  same  or  different  heights,  were  intendud  to 
pointed  conductors  are  struck  at  a  greater  dii 
with  a  higher  elc>-ation,  than  the  bluuled  ones 
all  his  experiments  mjide  with  pointed  and  rounded  con- 
ductofs,  provided  the  circumstances  be  the  sane  in  both, 
he  infers,  that  the  rounded  ones  arc  much  the  safer  of 
the  two  :  whether  the  lightning  proceeds  from  one  cloud 
or  from  sevt^ral ;  that  those  are  still  safer  < 


r,  that 


;  and  from 


„  and  conse- 
quently  the  propriety  or  even  necessity  of  terminating  all 
conductors  with  points,  to  make  them  useful  to  prevent 
damage  to  buildings  from  lightning.  Nay  the  very  Qbo- 
slruction  of  all  electrical  machines,  in  which  i^  is  ne- 
cessary to  round  all  the  parts,  and  to  avoid  making  edges 
and  points  which  would  hinder  the  matter  from  being  en- 
cited,  will,  1  imagine,  on  reflection,  be  another  corrobo- 
rating proof  of  the  result  of  ihe  experinienia  tliemielves." 
're  other  conimunications  madi:  lo  the  Royal 


Mthing  above  the  highest  part  of  the  building  ;  and     Society  on  the  important  subject  of  conductors,  some  of 
■'"■*'  ■     which  were  received,  and  others  rejected.    On  the  whole, 

this  contest  turned  out  one  of  the  must  extraordinary  that 
e*er  was  agitated  in  the  Society ;  producing  the  most  re- 
markable disputes,  differences,  ami  strange  consequences, 
that  ever  the  Socii-ty  experienced  since  it  bad  existence ; 
ciinsi'quences  uhich  manifeiitpd  themselves  in  various  in- 
stances for  ttt.'Tty  years  after,  and  which  continue  to  this 
very  day.  All  which,  with  the  various  secret  springs  and 
nmg,  express  their  united  opinion,  that  elt:vated  sharp     astonishing  intrigues,  may  probably  be  given  to  the  public 


that  this  safety  arises  from  the  greatest  resistance  exerted 
at  the  larger  surface.  Sea  Philos.  Trans,  for  1778,  pa. 
232." 

The  committee  of  the  Royal  Society  however,  which 
was  composed  of  nine  of  the  most  distinguished  electri- 
cians in  the  kingdom,  and  to  whom  was  referred  the  con- 
sideration of  the  most  effectual  method  of  securing  the 
frnwiier-migazines  at  Purfleet  against  the  effects  of  light- 


rods,  constructed  and  disposed  in  the  manner  which  they 
direct,  are  preferable  to  low  conductors  terminated  in 
rounded  epids,  knobs,  or  balls  of  metnl ;  and  that  theex- 
perimcnts  and  reasonings,  made  and  alleged  to  the  con- 
trary by  Mr.  Wilson,  are  inconclusive. 

Mr.  Nairne  also,  in  order  to  obviate  the  objections  of     Point,  being  the 
Mr.  Wilson  and  others,  and  to  vindicate  the  preference     ceived  by  the  imagination;  yet  it 


generally  given  to  high  and  pointed  conductors,  construe-     nitude  hegimi 
ted  a  much  more  simple  apparatus  than  that  of  Mr.  Wil-      points ;   the    < 
which  he  made  a  number  of  well-designed  and      tremes  of  a  si 


other  o 

Point,  in  Geomelryt  according  to  Euclid,  is  that 
which  has  no  p<iris,  or  b  indivisible;  being  void  of  all 
.extension,  both  rf^  to  length,  breadth,  and  depth. 

This   is   what    is   otherwise    called    the   Mathematical 

that  a" 


well-conducted  expe 

superiority  of  the  pointed 

of  being  proved  by  an 

From  these  last  experimc 

point  was  struck  by  means  ot  a  swiit  motion 

cial  cloud,  yet  a  small  ball  of  3  tenths  of 

meter  was  struck  further  off  than  the  point, 


hall 


it  her,  c 


miich  greater  distance  thi 
iftcst  motion.     Upon  the  whole,  Mr,  Ni 


ppear  to  prove  the 

inductor  H9  krasit  is  capable 

.tilicia]   electrical   apparatus. 

ts  it  appears,  that  though  the 

of  the  artifi- 

an  inch  dia- 

id  a  larger 


:,  the 


ids ;  the  extremes  of  u  line  being 
(tremes  of  a  surface,  lines;  and  the  ex- 
lid,  surfaces.     And  hence  some  define  a 


ivith  the 


be  justified  in  preferring  elevated  pointed  conductors;  next      small   quantitie: 


-ptive  ot  magnitude. 

Proporiimt  qf  Mathetaaiical  Points.  It  is  a  popular 
maxim,  that  all  in&jiites  are  equal;  yet  is  the  maxim 
false,  whether  of  quantities  infinitely  great,  or  iufinitely 
little.  Dr.  Hiilley,  and  others  have  shown  that  there  arc 
infinite  quantities  ^vbich  are  in  a  finite  proportion  to  each 
other;  and  some  that  are  intinilely  greater. than  others. 
See  iNFiNiTK  SuoRtity. 

And  the  same  is  shown  by  Mr,  Robarls,  of  infinitely 


■  that  are  pointed,    though   they 
little  above  the  highetit  part  of  a  building;  and  afVer  them, 
those  that  are  terminated  in  a  bull,  and  placed  even  with 
the  highest  part  of  the  building.  See  Philos.  Trans.  1/78, 
pa.  833. 

On  the  other  part.  Dr.  Musgmve,  not  yet  satisfied, 
gave  in  another  paper,  being  "  Reasons  for  dissenting 
from  the  Report  of  the  Committee  appointed  to  consider 
of  Mr.  Wilson's  Experiments;  including  Remarks  on 
some  Experinn'nis  exhibited  byMr.Noime;"  which  is 
inserted,  bv  mistake,  befi 
pa.  801  ofihe  same  v.dun 

And  turther,  Mr.  Wilson  has  another  paper,  on  the 
same  siibjtct,  at  pa.  9^9  of  the  saiiic  vol.  of  Philos.  Trans, 
for  1778,  euiiiled,  "  Niw  txiterimenls  upon  the  Leyden 
Phial,  rebpwtmg  the  termiimiion  of  conductors;"  re- 
peating ami  asserting  his  former  objections  and  reasonings. 

In  the  Philos.  Trans,  too,  for  1779,  pa-  4A4,  Mr.  Wil- 


mathematical   Points.     He  demon- 


for  instance,  that  the  points  of  contact  lietweeD 
circles  and  their  tangents,  are  in  the  subduplicate  ratio 
of  the  diameters  of  the  circles  ;  that  the  point  of  conlatt 
between  a  sphere  and  a  plane  is  iufioitely  greater  than  be- 
tween a  circle  and  a  line  ;  and  that  the  points  of  contact 
in  spheres  of  different  magnitudes,  are  to  each  other  as 
the  diameters  of  the  spheres.  Philos.  Trans,  vol.  27,  pA> 
470. 

Cot^offiiu  Point,  is  used  for  that  point  into  which  the 
conjugate  oval,  belonging  to  some  kind  of  curves,  Ta> 
Naime's  paper,  being  at     nishes.    Maclaurin's  Algebra,  pa.  308- 

PoiMT  of  Contrary  Fleiure,  &c.  See  Inflexion,  Re- 
TROOHADATIOK  or  RetROOREBsion,  &c,  of  curves. 

Points  of  the  Conipasi,  or  Horizon,  &c,  in  Geography 
and  Navigation,  are  the  points  of  division  when  the  whole 
circle,  quite  around,  is  divided  into  32  equal  parts.  These 
points  are  therefore  at  the  distance  of  the  3id  par:  of  the 
circle,  or  11  "J 5',  from  each  other  ;  hence  5°  37't 's  the 
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distance  «f  the  half  points,  and  3°  46'|  is  the  dislancc  of 
the  quarter  points.  See  Cohfass.  The  principal  of. 
these  sre  the  four  cardinitt  paints,  east,  west,  nor^,  and 
south. 

Point  is  also  used  for  a  cape  or  hea<lland,  jutting  out 
into  the  sea.— The  seamen  say  two  points  of  land  are  one 
in  another,  when  they  are  in  a  right  line,  the  one  behind 
the  other. 

PoiST,  in  Optics.     As  the 

Point  of  Concourre  or  Coaettrrcnce,  ts  th'at  in  which 
converging  mys  meet ;  and  is  usually  called  focus. 

Point  of  Dispersion,  Incidence,'  Hefiection,  Reaction, 
and  Radiant  Point.     See  these  several  anicks. 

PoiKT,  in  Perspective,  is  a  term  used  for  various  parts 
or  places,  with  regard  to  the  perspective  plane.    As,  the 

PoiMT  of  Sight,  or  of  the  Eye,  called  also  the  Principal 
Point,  is  the  point  mi  a  plane  where  a  perpendicular  from 
the  eye  meets  it.  See  Pbripectivz.  Some  authors, 
however,  by  the  Point  of  Sight,  or  Vision,  mean  the  point 
where  the  eye  is  actually  placed,  and  where  ail  the  rays 
terminate,     See  Pbrsfectite. 

Point  iff  Dutance,  is  a  point  in  a  faoriiontal  line,  at 
the  same  distance  from  the  principal  pointas  the  eye  is 
from  the  same.     Sec  Peebpective. 

Tiird  Point,  is  a  point  taken  at-discretion  in  the  line 
of  distance,  where  all  the  diagonals  meet  that  are  drawn 
from  the  divisions  of  the  geometrical  plane.  ' 

Okjeetitx  Point,  is  a  point  on  a  geometrical  plane, 
whose  representation  on  the  perspective  plane  is  rei^uired. 

Accidental  Point,  and  VUttai  Point.  See  Accidental 
and  VistTAt. 

Point  <^  fine,  with  regard  to  Building,  Painting,  &c, 
it  a  point  at  a  certain  distance  from  a  building,  or  other 
object,  where  the  eye  has  the  most  advantageous  view  or 
prospect  of  the  same.  And  this  point  is  usually  at  a  di- 
■tance  equal  to  the  height  of  the  building. 

Point,  in  Physics,  is  the  smallest  or  least  sensible  ob- 
ject of  sight,  marked  with  a  pen,  or  point  of  a  compass, 
or  the  lilie.  This  is  popularly  called  a. Physical  point,- 
and  of  such  dues  all  physical  magnitude  consist. 

Point-Blanc,  Point-Blank,  in  Gunnery,  denotes  the 
horizontal  or  level  position  of  a  gun,  or  having  its  muzzle 
neither  elevated  nor  depress*^.  And  the  point-blanc 
range,  is  the  distance  the  shot  goes,  before  it  strikes  the 
level  ground,  when  discharged  in  the  horizontal  or  point- 
blanc  direction.  Or  sometimes  this  means  the  distance 
the  ball  goes  horizontally  in  a  straight-lined  direction. 

POINTING,  in  Artillery  and  Gunnery,  is  the  laying  a 
piece  of  ordnance  in  any  proposed  direction,  either  hori- 
zontal, or  elevated,  or  depressed,  to  any  angle.  This  it 
usually  effected  by  means  of  the  ganner's  quadrant,  which, 
being  ap[rfied  to,  or  in,  the  muzzle  of  the  piece,  shows  by 
a  plummet  the  degree  of  eleva'tion  or  depression. 

PoiVTiKO,  in  Navigation,  is  the  marking  on  the  chart 
in  what  point,  or  place,  the  vessel  is. — This  is  done  by 
means  of  the  latitude  and  longitude,  after  these  are  known, 
or  found  by  observation  or  computation.  Thus,  draw  a 
line,  with  n  pencil,  across  the  chart  according  to  the  lati- 
tude ;  and  another  across  the  other  way  according  to  the 
Jongiludc;  then  the  intersection  of  these  (wo  lines,  is  the 
point  or  place  on  the  chart  where  the  ship  is ;  which  ie 
then  marked  black  with  a  pen,  and  the  pencil  lines  rubbed 
out.  from  the  point  or  place,  thus  found,  the  chart  rea- 
dily shows  the  direct  distance  and  course  run,  as  also  that 
still  t^^un  to  the  intended  portj  &c. 


POLAR,  something  that  relates  to  Ihc  poles  of  the 
Ifrorld  :  as  polar  virtue,  polar  tendency. 

Polar  Circlet,  are  two  lesser  circles  of  the  sphere,  or 
globe,  OIK  about  each  pole,  and  at  the  same  distance  from 
it  as  is  equal  to  the  sun's  greatest  declination  or  the  obli- 
quity of  ibe  ecliptic  ;  that  is,  at  present  23"  26'.— The 
Space  included  within  each  polar  circle,  is  the  frigid 
zone;  and  to  every  part  of  this  space,  the  sun  never  sets 
at  some  time  of  the  yeur,  and  never  rises  at  iinolher  time  ; 
each  of  these  being  a  longer  duration  as  the  place  is 
nearer  the  pole. 

PoLAK  Diah,  are  ^ch  as  have  their  planes  parallel  to 
some  great  circle  passing  through  the  poles,  or  to  some 
one  of  the  hour-circles;  so  that  the  pole  is  neither  ele- 
vated above  the  plane,  nor  depressed  below  it. — This  dial, 
therefore,  can  have  no  centre;  ahd  consequently- its  style, 
substyle,  and  hour-lines,  are  parallel. — ^Thij  will  there- 
fore be  an  horizontal  dial  to  those  who  live  at  the  equator. 
Polar  fYojVcrion,  is  a  representation  of  the  earth,  or 
heavens,  projected  on  the  planeof  one  of  the  polhr  circles. 
Polar  Hegiom,  arc  those  parts  of  the  carlh  which  lie 
near  the  north  and  south  poles. 

POLARITY,  the  quality  of  a  thing  having  poles,  or 
pointing  to,  or  respecting  some  pole:  as  the  magnetic 
needle,  &c.— By  heating  an  iron  bar,  and  letting  it  coo) 
again  in  a  vertical  positiod,  it  acquires  a  polarity,  or  mag- 
netic virtue  :  the  lower  end  becorning  the  north  pole,  and 
the  upper  end  the  south  pole.  Bui  iron  bars  ac<jnire  a 
polarity  by  barely  continuing  a  long  time  in  an  erect  post* 
tion,  even  without  heating  them.  Thus,  the  upright  iron 
bars  of  some  windows,  &c,  are  ol^en  found  to  have  poles : 
Nay,  an  iron  rod  acquires  a  polarity,  by  the  mere  holding 
it  erect;  the  lower  end,  in  that  case,  attracting  the  south 
end  of  a  maj^neiic  needle  ;  and  the  upper,  the  north  end. 
But  these  poles  are  mutable,  and  shilt  with  the  situation 
of  the  rod. — Some  modern  writers,  particularly  Dr.Hi^ 
gins,  in  his  Philosophical  F.ssay  concerning  Light,  have 
maintained  the  polarity  of  the  parts  of  matter,  or' that 
their  simple  attractions  are  more  forcible  in  one  direction, 
or  axis  of  each  atom,  than  in  any  other. 

POLES,  in  Astronomy,  the  extremities  of  the  axis  on 
which  the  whole  sphere  of  the  world  revolves;  or  the 
points  on  the  surface  of  the  sphere  through  which  the  axis 
passes.  These  are  on  every  side  at  the  distance  of  a  qua- 
drant, or  50°,  from  every  point  of  the  equinoctial,  and 
are  called,  by  way  of  ^'niincnce,  ihc  poles  of  the  world. 
That  which  is  visible  to  us  in  Europe,  or  raised  above  our 
horizon,  is  called  the  Arctic  or  North  Pole;  and  its  op- 
posite one,  the  Antarctic  or  South  Pole. 

Poles,  in  Geography,  are  the  eMremiliesof  the  earth's 
axis;  or  the  points  on  the  surface  of  the  earth  through 
which  the  'axis  passes.  Of  which,  that  elevated  above 
our  horizon  is  called  the  Arctic  or  North  Pole ;  and  the 
opposite  one,  the  Antarctic  or  SoutH  Pole. 

In  consequence  of  the  situation  of  the  poles,  with  the 
inclination  of  the  earth's  axis,  and  its  parallelism  during 
the  annual  motion  of  our  globe  round  the  sun,  the  poles 
have  only  one  day  and  one  niglit  throughout  the  year, 
each  being  half  a  year  in  length.  And  because  of  the 
obliquity  with  which  the  rays  of  the  sun  fall  upon  the 
polar  regions,  and  the  great  length  of  the  night  in  the 
winter  season,  it  is  commonly  supposed  the  cold  is  so  in- 
tense, that  those  parts  of  the  globe  which  lie  near  the 
poles  have  never  been  fully  explored,  though  the  attempt 
has  been  repeatedly  made  by  the  most  celebrated  naviga- 
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tors.  And  yet  Dr.  Halby  was  of  opinion,  that  the  sol-  tcmpb  bave  been  matle  at 
Milial  day,'  at  the  pole,  is  as  hot  as  at  the  equator  when'  fore  lo  consider,  nh  ft  her  tbi 
the  sun  ia  in  the  zenith ;  because'  all  the  24  boun  of  that 
(lay  under  the  pole  the  sun-beams  are  inclined  to  the  hori- 
zon in  'an  angle  of  23*^  38';  whereas  at  the  equator, 
lhou}(h  the  sun  becomes  vertical,  yet  he  shines  no  more 
'     1  12  hours,  being  absent  the  other  12  hours:  and  be- 


»d. 


that  d urine 

hich  he  is  abo\e  the  hi 

e*aied  as  at  ihe  pole. 


niher 


of  the   13  hoi 


nd  teasoning  of  Dr.  Halley  are 
all  the  parts  of  the  earth  that 
"  ilways  the  less  hot  the 


farther  the  place  is  from  the  equator,  or  the  n 
to  the  pole. 

The  great  object  for  which  navigators  have  venturci! 
themselves  in  Ihe  frozen  seas  about  the  north  pole,  was  to 
find  out  a  more  quick  and  ready  passage  to  the  I'.ait  Indies. 
And  ibis  has  been  attempted  three  several  ways :  one  by 
coasting  along  the  northern  parts  of  Europe  and  Asia, 
called  the nutlh-east  passage;  another,  bysailingrouud  the 
northern  part  of  the  American  continent,  called  the  noith- 
west  passage;  and  the  third,  by  sailing  directly  over  the 
pole  itself. 

The  possibility 'of  succeeding  in  the  north-east  wns  for  a 
long  time  believed;  and  in  the  last  century  many  naviga- 
tors, particularly  the  Hollanders,  attempted  it  with  great 
fortitude  and  perseverance.  But  it  was  always  found  im- 
possible to  surmount  the  obstacles  which  nature  had 
thrown  in  the  way;  and  subsequent  attempts  have  in  a 
manner  demonstrated  the  impossibility  of  ever  sailing  east- 
ward along  the  northern  coast  of  Asia.  The  reasoji  of  tiiis 
impossibility  is,  that  in  proportion  to  the  extent  of  land, 
the  cold  is  always  greater  in  winter,  and  eit-c  sctm.  This 
is  the  case  even  in  temperate  climates;  but  much  more  so 
in  those  frozen  regions  when  the  sun's  influence,  even  in 
summer,  is  but  small.  Hence,  aS  the  continent  of  Asia 
extends  a  vast  way  from  west  (o  east,  ^ad  has  besides  the 
continent  of  Europe  joined  to  it  on  the  west,  it  follows, 
that  about  tlie  middle  part  of  that  tract  of  land  the  cold 
should  be  greater  than  any  where  else.  Experience  has 
determined  this  to  be  fact ;  and  it  now  appears,  that  about 
the  middle  of  the  norlhern  part  of  Asia,  the  ice  never 
thaws;  neither  have  even  the  hardy  Kussians  and  Sibe- 
rians theniselvea  been  able  to  overcome  the  difficulties  they 
m«;t  with  in  that  part  of  their  voyages. 

With  regard  to  the  north-west  passage,-  the  same  diffi- 
culties occur  as  in  the  other.  According  to  Captain 
Cook's  voyage,  it  appears  that  if  there  is  any  strait  which 
divides  the  continent  of  America  into  two,  it  must  lie  in  a 
higher  latitude  than  70'',  and  consequently  beperpeiualiy 
frozen  up.  And' therefore  if  a  nortli-wcst  passage  can  be 
found,  it  must  be  by  sailing  round  the  whole  American 
continent,  instead  of  seeking  a  passage  through  It,  which 
some  have  supposed  to  exist  in  the  bottom  of  Baffin's  Bay. 
But  the  extent  of  the  American  continent  to  the  north- 
ward is  yet  unknown;  and  there  is  a  possibility  of  its  being  pole  of  thi 
ii  part  of  Asia  between  the  Piasida  and  Chat-     with  thi 


anga,  which  h 


la  times.  It  remains  theie- 
any  probability  of  attain- 
ing the  wished-for  passage  by  sailing  directly  north,  be- 
tween the  eastern  and  wL'stern  continents. 

The  late  celebrated  niathemutician,  Mr.  Maclaurin,  was 
so  fully  persuaded  of  the  practicability  of  passing  by  this 
way  to  the  South  and  Indian  scus,  that  he  used  to  ^ay,  if 
his  other  avocations  would  permit,  he  would  undertake 
the  voyage  of  trial,  even  at  his  own  expense.  The  prac- 
ticability of  this  method,  which  would  lead  directly  to 
the  pole  itself,  has  also  been  ingeniously  supported  by 
Mr.  Daines  Barringlon,  in  some  tracts  published  in  the 
years  1775  and  1776,  in  consequence  of  the  unsuccessful 
attempt  made  by  captain  Phipps  in  the  year  1773,  to  reach 
a  higher  northern  latitude  thun  81°.  Mr.  Barrington  in- 
stances a  great  number  of  navigators  who  have  reached 
very  high  northern  latitudes;  nay,  some  who  have  been 
at  the  pole  itself,  or  gone  beyond  it.  From  all  which  he 
concludes,  that  if  the  voyage  be  attcmpie<l  at  a  proper 
time  of  the  year,  there  would  not  be  any  great  difficulty 
in  reaching  the  pole.  Those  vast  pieces  of  ice  which  com- 
monly obstruct  the  navigators,  he  thinks,  proceed  from 
Ihe  mouths  of  tbe  great  Asiatic  rivers  which  run  north- 
ward into  the  frozen  ocean,  and  are  driven  eastward  and 
\Vesiward  by  the  currents.  Bui,  though  we  should  sup- 
pose them  to  come  directly  from  the  pole,  still  our  author 
thinks  that  this  affords  an  undeniable  proof  that  the  pole 
itself  is  free  from  ice  ;  because,  when  the  pieces  leavo  it, 
and  come  to  the  southward,  it  is  impossible  that  they  can ' 
at  the  same  time  accumulate  at  the  pole. 

The  Altitude  or  EteBiiion  of  the  PoLB,  is  an  arch  of  the 
meridian  intercepted  between  the  pole  and  the  horizon  of 
any  place,  and  is  iqual  to  the  latitude  of  the  place. 

To  observe  the  Altitude  qflhe  Pole.  With  a  quadrant, 
observe  both  the  greatest  and  least  meridian  allilude  of  the 
pole  star.  Theri  half  the  sum  of  the  two  altiindcs',  will  bo 
the  height  of  the  pule,  or  the  latitude  of  the  place;  and  half 
tbe  difference  of  the  same  will  be  the  disiuuee  of  the  star 
from  the  pole.  But,  for  accuracy,  the  observed  allitniles 
should  be  corrected  (m  account  of  refraction,  before  their 
sum  or  diflcrcncc  is  taken.     See  Refractiov. 

i'oLB,  in  Spherics,  or  the  pole  of  a  great  circle,  is  a 
point  on  the  sphere  equally  distant  from  every  part  of  the 
circumference  of  the  great  circle  ;  or  a  point  90°  distant 
from  the  circumference  of  any  part  of  it — The  genilh  and 
nadir  are  the  poles  of  the  horizon  ;  and  the  poles  n{  the 
equator  are  the  same  with  those  of  the  sphere  or  globc- 

PoLGS,  in  Magnetism,  are  two  points  in  a  load^tune, 
corresponding  to  the  poles  of  the  world  ;  one  pointing  to 
the  north,  and  the  other  to  the  south.  If  the  alone  be 
broken  in  ever  so  many  pieces,  every  fragment  will  still 
have  its  two  poles.  And  if  a  magnet  be  biwcted  by  a 
plane  perpendicular  to  ihe  axis;  the  tuo  points  bclorc 
joined  will  become  opposite  pules,  one  in  each  segment. 
— In  touching  a  needle,  &c,  with  a  magnet,  that  |>art  in- 
tended for  the  north  end  must  be  touched  with  the  south 
iBgnet ;  and  that  intended  for  the  south  emt, 
th  pole';   for  the  poles  of  the  needle  beer 


•r  yet  been  circumnavigated.      Indeed      contrary  to  those  of  the  magnet. — A  piece  of  it 


rumour  has  lately  gone  abroad  of  some  remarkable 
being  observed  on  the  western  coast  of  North  America, 
which  it  is  guessed  may  possibly  lead  to  some  communi- 
cation wilh  the  eastern  side,  by  the  lakes,  or  a  pipage 
into  Hudson's  Bay:  but  there  seems  little  or  no  probabi- 
lity of  any  success  this  way,  in  which  many  fruitless  at- 


ap. 


loiat 


destroys  all   dxed  poles;  but  it  strengthens  the  mutable 

Dr.  Gilbert  says,  the  end  of  a  rod  being  bcati>d,  and  left 
to  cool  pointing  northward,  it  becomes  a  fixed  north,  pole; 
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ir  southward,  a  fixed  south  pole.  When  tlie  end  is  cooled  Sir  William  Petty,  among  many  other  arti cits,  itate* 
while  held  downwaid,  it  acquires  rather  more  magnetism  that,  in  his  time,  the  people  in  Dnglaod  were  about  6 
than  ir  cooled  horizontally  towards  the  north.  But  the  millions,  and  their  annual  expense  about  7'.  each  ;  that 
best  way  is  to  cool  it  a  little  inclined  to  the  north.  Re>  the  rent  of  the  lands  was  about  8  millions,  and  the  inter- 
peating  the  operations  of  beating  and  cooling  does  not  in-  ests  and  profits  of  the  personal  estates  as  much;  that  th« 
crease  the  effect.  lent  of  the  houses  in  England  was  4  millions,  and  the 

Dr.  Power  says,  if  a  rod  be  held  northwards,  and  the     profits  of  the  labour  of  all  tbe-peop!e  26  millions-  yearly  ; 
north  end  be  hammered  in  that  position,  it  will  tiecome  a     that  the  corn  used  in  England,  at  5t,  the  busbel  for  wheat, 

and  S«.  6if.  for  barley,  amounts  to  10  millions  per  annum; 
that  the  navy  of  Englaml  required  $6,(X)0  men  to  man  it, 
and  the  trade  and  other  shipping  about  48,000 ;  that  tha 
whole  number  of  people  in  England,  Scotland,  and  Ire- 
land, together,  were  about  9  millions  and  a  half;  and 
those  in  France  about  13  millions  and  a  half;  and  in  the 
hole  world  abom  350  millions  ;  also  that  the  whole  cash 


fixed  north  pole  ;  and  contrarily  if  the  sbuth  end  he  hum- 
mered.  The  heavier  the  blows  are,  cieteris  paribus,  the 
stronger  will  the  magnetism  be ;  and  a  few  bard  blows  have 
as  much  effect  as  a  great  number.  And  what  is  said  of 
hammering,  is  to  be  likewise  understood  of  filing,  grind- 
ing, sawing,  &c;  nay,  a  gentle  rubbing,  when  long  con- 
tinued, nill  produce  poles. 

Old  punches  and  drills  have  all  fixed  north  poles ;  be*     of  England,  in  current  money,  was  then  about  6  millioos 
cause  they  are  almost  constantly  used  downwards.     New     sterling.     See  his  Political  Arith.  p.  74,  &c. 


drills  have  cither  mutable  poles, 
Drilling  with  such  a  one  southward  horizontally, 
chance  if  you  produce  a  fixed  south  pole;  mucl 
I   drill   south   downwards;   but  by  drilling 


Ih  < 


r.  Daveoant  gives  some  good  reasons  why  many  of 
Sir  W.  Petty's  numbers  are  not  to  be  entirely  depended 
on ;  and  advances  others  of  his  own,  founded  on  the  ob- 
servations of  Mr.  Greg.  King.     Some  of  the  particulars 


wards,  you  always  make  a  fixed  soutb  pole.    M.r.fiailard     are,  that  the  land  of  England  is  39  millions  of  acres;  that 
says,  that  in  6  or  7  drills,  made  in  his  presence,  the  bit     the  number  of  people  in  London  was  about  530,000,  and 


of  each  became  a  north  pole,  merely  by  ht 
weak  fixed  pule  may  degenerate  into  a  mutable 
day,  or  even  in  a  few  minutes,  by  holding  it  iu  i 
contrary  to  its  pole.    The  loadstone  itself  will  not 
fixed  pole  in  every  piece  of  iron  :  if  the  iron  be  thick, 
'  is  necessary  that  it  l^ave  some  considerable  length. 


all  England  five  millions  and  a  half,  increasing  9OOO 

inually,  or  about  the  6O0th  part ;  the  yearly  rent  of  the 

position     lands  10  millions,  and  that  of  the  houses  3  millions  ;  tha 

produce  of  all  kinds  of  grain  9  millions.     Davenant's 

Essay  on  the  probable  methods,  &c,  in  his  works,  vol.  6. 

Major  Graunt,  in  his  observations  on  the  bills  of  mor- 


PoLE  qf  a  GloM,  in  Optics,  is  the  thickest  part  of  a     tality,  computes,  that  there  are  39,000  square  miles  of 
convex  glass,  or  ihij  thinnest  part  of  a  concave  one;  being     land  in   England,  or  35  million  acres  in  England  and 


called  the  vertex  of  the  glass;     Wales,  and  4,600,000  peisons,  making  about  5  acre*  and 
truly  ground,  is  exactly  in  the  middle     a  half  to  each  person ;  that  the  people  of  London  were 
640,000 ;  and  states  (be  several  numbers  of  persons  living 
at  the  different  ages. 

Sir  William  Petty,  in  his  ^scouTse  about  duplicate  pro- 
portion, further  states,  that  it  is  found  by  experience, 
that  there  are  more  persous  living  between  lo  and  36  than 


and  which,  v 
of  its  surface. 

Pole,  or  liod,  in  Surveying,  is  a  lineal  measure  con* 
tvning  5}  yards,  or  16}  feet. — The  square  of  it  is  called 
ft  square  pole;  but  more  usually  a  perch,  or  a  rod. 

PoLE-S-raa,  is  a  star  of  the  3d  magnitude  near  the 


.north  pole,  in  the  end  of  the  tail  of  ursa  minor,  or  the     of  any  other  age;  and  from  thence  he  infers,  that  tha 
Little  Bear.     Its  mean  place  in  the  heavens  for  the  begin-     squara  roots  of  every  number  of  men's  ages  under  I6, 


nJng  of  1 310,  was  as  follows ; 
Right  ascension 
Annual  variat.  in  ditto 
Declination 
Annual  variat.  in  ditto 
The  proxingity  of  this  star  to  the  pole,  t 


whose  root  is  4,  show  the  proportion  of  the  probability  of 
such  persons  reaching  the  age  of  70  years  :  thus,  the  pro- 
bability of  reaching  that  age  by  persons  of  the 
ages  of  16,  9>  4,  and  1, 
are  as     4,  3,  3,  ),  respectively. 

Also  that  the  probabilities  of  their  order  of  dying,  at  ages 


it  is  always  above  the  horizon  in  these  northern  latitudes,     "™  '""'  '*"=  p,«^a»...u«  -  .—  ---  -  -j-s.  •"  •^" 
I      -.  "^  c  ,  ■  '     ..-        a.      r     J  .       •  '     .L       above  that,  are  as  the  square  roots  of  the  ages :  thus,  the 

makes  It  very  useful  m  navigation,  &c,  for  determininiE  the  .    ,.,7V      .  ,         .^    rj  ■      c    .        ° 

»-^j.-.„  i;,.l    .i._„i„.,„.:..f„f.il„„>„  ..„j ™..l.i..     probabilities  of  the  order  of  dymg  first, 

16,  95,  36,  &c, 


meridian  line,  the  elevation  of  the  pole,  and  consequently 
the  latitude  of  the  place,  &,c. 

POLEMOSCOPE,  in  Optics,  an  oblique  kind  of  pro- 


probabilities  of  the 
of  the  ages 
are  as  the  roots    4, 


6,  &c. 


Kpeciive  glass,  contrived  for  the  seeing  of  objects  that  do  that  ii,  the  odds  are  5  lo  4  that  a  penon  of  25  dies  before 

not  liedirectly  before  the  eye.     It  was  invented  by  Heve-  one'of  16,  and  so  on,  declining  up  to  70  years  of  age. 

lius,  in  1637.     See  OiEaA  Glau.  Dr.  Halley  has  made  a  very  exact  estimation  of  the  de- 

POLITICAL  ^riiAn«/ic,  the  application  of  arithmetical  grees  of  mortality  of  mankind,  from  a  curious  table  of  the 

calculations  to  political  uses  and  subjects;  such  as  the  births  and  burials,  at  the  city  of  Breslau,  in  Silesia;  with 

public  revenues,  the  number  of  people,  the  extent  and  an  attempt  to  ascertain  the  price  of  annuities  upon  lives, 

value  of  lands,  taxes,  trade,  commerce,  or  whatever  re-  abd  many  other  curious  particulars.   See  the  Philos.  Trans, 

lates  to  the  power,  strength,  riches,  &c,  of  a  nation  or  vol.  17,  pa,  596.     Another  table  of  this  kind  is  ^ven  by 

commonwealth.    Or,  as  Davenant  concisely  defines  it,  the  Simpson,  for  the  city  of  London  ;  and  several  by  Price, 

art  of  riasoning  by  figures,  upon  things  relating  to  govern-  Morgan  and  Baily,  for  many  ditferent  places. 
raent.    The  chief  authors  who  have  attempted  calculations         Mr.  Kerseboom,  of  Holland,  has  many  and   curious 

of  this  kind,  are.  Sir  William  Petty,  Major  Graunt,  Dr.  calculations  and  wbles  of  the  same  kind.     From  his  ob- 

Halley,  Dr.  Davenant,  Mr.  Kinj^   Dr.  Price,   M.  Kerse-  servationson  the  births  of  the  people  in  England,  it  ap- 
boom,  and  M.  de  Parcieux.                                                   '  pears,  that  the  number  of  males  born,  is  in  propotUon  to 

Vol.  IL  '  2  E 
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that  of  the  females,  as  18  to  17;  sod  that  of  the  inbabi-  toeachother,  but  different  from  the  former  balf,  the  rqaalt 

lanis  living  in  Holland  lire  in  the  same  proportion.  being  placed  alternately. 

Dr.  Bradienridge  has  given  an  estimate  of  the  number  '  4.  klvery   pnlygon,  circumscribed    about  a  circle,  is 

of  people  in  England,  formed  both  from  the  number  of  equal  to  a  right-angled  triangle,  of  which  one  leg  is  the 

houses,  and  also  from  the  quantity  of  bread  consumed,  radius  of  the  circ]e,and  the  othertheperimeter  or  Kura  of 

On  the  former  principle,  he  finds  the  number  of  houaea  all  the  sides  of  the  polygon.  Or  th^  polygon  ig  equal  to  half 


in  England  and  Wales  to  be  about  900,000;  and,  allow- 
ing 6  pcrfons  to  each  house,  the  number  of  people  near 
■  5  raillions  Qnd  a  half.  And  on  the  latter  principle,  esti- 
mating the  quantity  of  corn  consumed  at  home  at  3  mil- 
lions of  quarters,  and  3  persons  to  every  quarter  of  corn,  than  that 
'  »  the  number  of  people  Smiliions.    See  Philos.  Trans,     inscribed 


TOl.49,  art.  45  and  113. 

Dr.  Derbam,  from  a  great  number  of  registers  of  places, 
finds  the  proportions  of  the  marriuges  to  the  births  and 
burials;  and  Dr.  Price  has  done  the  tame  for  still  more 
places  i  the  mediums  of  all  which  arc, 

Muriigetto    ' 
Birtbi,  u 
Dr.  Derham         •'       -     1  to  47 
Dr.  Price  -         -     1  to  39 

See  Philos.  Trans.  No.  480 ;  also  Dr.  Price's  Observa- 
tions on  Reversionary  Payments  ;  and  the  articles  of  this 
Dictionary,  Expectation  <^£4/i,  hir^-Amaatia,  Moa- 

TALITY,   POPCLATIOM,  ScC 


:taag1e  under  iis  perimeter  and  the  radiu 

scribed  cirete,  or  the  perpendicular  from  its  centre  upon 

one  tide  of  tbc  polygon.    Hence,  the  area  of  a  circle  being 

Jess  than  that  of  its  circumscribing  polygon,  and  greater 

inscribed  one,  the  circle  is  the  limit  of  the 

circumscribed  polygons:  in  like  manner 


the  circumference  of  the  circle  id  the  limit  between  the 
perimeters  of  the  said  polygons  ;  consequently  the  circle 
is  equal  to  a  right-angled  triangle,  having  one  leg  equal  to 
the  radius,  and  the  other  leg  equal  to  the  circumference  ; 
and  therefore  its  area  is  found  by  multiplying  half  the 
circumference  by  half  the  diameter.  In  litce  manner,  the 
area  of  any  polygon  is  found  by  multiplyino  half  its  peri- 
meter by  the  perpendicular  demitted  from  the  centre  upon 
one  side. 

5.  In  my  Mensuration,  pa.  ]5  Sec,  h  given  the  geome- 
trical construction  of  several  polygons;  by  which  it  ap- 
pears that,  as  the  regular  trigoti,  square,  and  pentagon, 
can  be  inscribed  geometrically  ina  circle; 


POLLUX,  in  Astronomy,  the  hind  twin,  or  the  poste-     may  be  always    biuctcd    geometrically;    therefore   any 

__.  _p.i. ..ii_.;-_  f^ — :_:  — I ...L 1 r  .:^^^  j^  espicssed  by  2",  3,f", 

a  given  circle  by  the  scale 
has  lately  been  shown  that 

ose  sides  is  a  prime  number 
be  inscribed  geometrically 
far  from  being  ihoi    ' 


rior  part  of  the  constelli 

PoiAvx  is  also  a  fixed  star  of  the  second  magnitude,  in 
the  constellation  Gemini,  or  the  Twins.  See  Castor  and 
Pol/ur,  also  Gemitii. 

POLY  ACOUSTICS,  instruments  contrived  to  multiply 
lounds,  as  polyscopes  or  multiplying  glasses  do  the  images 
of  objects. 

POLYEDRON.    See  Polthedrdn. 


polygon  whose  numbers  of  s: 
or  5.2%  may  be  inscribed  in 
and  compasses  only.  And  il 
a  polygon,  the  number  of  wl 
of  the  form  2"  -t-  1,  may  alsc 
in  a  circle,  a  problem  that  v 


itpoi- 


.  Gauss  published  his  celebrated  work  entitled 
Disquisitiones  Arithmetics,  in  which  he  has  given  acom- 


FOLYGON,  in  Geometry,  a  figure  of  many  sides  ;  and     pletc  solution  of  tbh  problem ; 
consequently  of  many  angles  also  ;  for  every  figure  has  as     tb  introduce  in  this  place,  and  little  suited  to  practical  pur- 
many  sides  as  angles.     If  the  angles  be  all  equal  among    poses.     See  Prime  Num 
themselves,  the  polygon  is  said  to  be  a  regular  one  ;  other-        •'"--■ 
wise,  it  is  irregnlar.     Polygons  also  take  particular  names 
according  to  the  number  of  their  sides;  thus  a  Polygon  of 
3  sides  is  called  a  trigon, 


4  sides 
sides 


a  pentagon, 
a  hexagon,  &c; 


and  a  circle  may  be  considered  as  a  polygon  of  an  infinite    polygon  c  o 


6.  But  though  we  cannot  inscribe  geometrically  any 
regular  polygon  whatever  in  a  circle,  wo  have  a  practical 
method  of  performing  it,  by  raeana  of  the  known  measure 
of  the  angles,  some  examples  of  which  may  be  seen  in  the 
following  table,  which  exhibits  the  most  remarkable  par- 
ticulan  in  all  the  polygons,  up  to  the  duducagon  of  12 
AOB,  the  angle  of  the 


r  double  oFoab,  and  the  area  of  the 


polygon  when.cach  side  A  B  isl.  (See  the  following  figure.) 


number  of  small  sides,  or  as  the  limit  of  the  polygons. 

Polygons  have  various  properties,  as  below : 

1 .  Evety  polygon  may  be  divided  into  as  many  trionglca 
as  it  hath  sides.  ' 

S.  The  angles  of  any  polygon  taken  together,  make 
twice  as  many  right  angles,  tvanting  4,  as  tha  figure  hath 
sides.  Thus,  if  the  polygon  has  5  sides  ;  the  double  of 
that  is  10,  from  which  subtracting  4,  leaves  6  right  an- 
gles, or  540  degrees,  which  is  the  sum  of  the  5  angles  of 
the  pentagon.  And  this  property,  at  well  as  the  former, 
belongs  to  both  regular  and  irregular  polygons. 

3.  Every  regular  polygon  may  be  either  inscribed  in  a 
circle,  or  described  about  it-  But  not  so  of  the  irregular 
ones,  except  the  triangle,  and  'another  particular  case  as 
inthe  following  property  :  An  equilateral  figure  inscribed 
in  a  circle,  is  always  equiangular. — But  an  equiangular 
figure  inscribed  in  a  circle  is  not  always  equilateral,  but  By  means  of  the  numbers  in  this  table,  any  polygons 
only  when  the  number  of  sides  is  odd.  For  if  the  sides  be  may  be  constructed,  or  their  arcus  found  :  thus,  (ht)  To 
of  an  even  number,  then  they  may  either  be  all  equal;  or  .inscribe  a  Polygon  in  a  given  Circle.  At  the  centre  make 
•Ise  half  of  tfaem  loay  be  equal,  and  the  other  half  equal    the  angle  o  equal  to  the  angle  at  the  centre  of  tha  pro- 
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Anc.C.  of 
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TO. 

3 

Trigon 

120 

60 

0-4330127 

4 

Tetragon 

90 

90 

1-0000000 

5 

Pentagon 

72 

108 

17204774 

6 

Hexagon 

60 

120 

2  5980762 

7 

Heptagon 

51* 

128} 

3  6339124 

8 

Octagon 

45 

135 

4-8284271 

9 

Nun  agon 

40 

140 

€-1818242 

10 

Decagon 

36 

144 

7694208a 

11 

Undecagon 

32A 

147tV 

9 '3656399 

12 

Dodecagon 

30 

150 

11- 196 1534 
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posed  polygon,  found  ia  the  3d  column  of  the  table,  the 
legs  cutting  the  circle  in  a  nod  B ;  and  join  A  and  b  which 
will  be  one  side  of  the  polygon.  Then  take  ab  bttween 
the  compasEci,  and  apply  it  continually  round  tliecircum- 
ft^rence,  to  complete  the  polygon. 

(3d)  Upon  iht  given  Line  ab  to  deacrihe  a  regular 
Potj/gm.  From  the  extremities  draw  the  two  lines  ao  and 
BO,  making  the  ^j;lei  a  and  b  each  equal  to  half  the 
angle  of  the  polygon,  found  in  the  4th  column  of  the  table, 
and  ihcir  intersection  o  will  be  the  centre  of  the  circum- 


cumference 

(3d)  To  deterihe  a  Po'yj^n  about  agiven  Circle. — At.th< 
centre  o  make  the  angle  of  the  centre 
as  ill  the  1st  art.  iis  1^  cutting  the 
circle  in  a  and  b:  join  ab,  and  pa- 
rallel to  it  draw  AB  to  touch  the 
circle:  and  meeting  oa  and  oi  pro- 
duced in  A  atid  b:  with  the  radius 
OA,  or  OB,  describe  a  circle,  and 
around  its  circumference  apply  con- 
tinually A  B,  which  will  complete  the  polygon  ai  before. 


f  Arith-Proftet.  1,2,3,    *,    S,    6,    7. 

iTriang.  No»,  1  ,  3,  6,  10,  15, '21,  28'. 

5  Arith.  Progres.  1,3,5,     7,     9,11,13. 

IStjuare  Numbers  I  ,  4,  9 .  l6,  25;  S6,  *9. 

fArith.  Progre*.  1,4.   7,  10,  13,  IS ,  19. 

^Pentagonal  Nos.  1,  5,12,  22,  35,  51,  70. 

f  Arith.  Progre*.  1,5,    9,13,17,21,25. 

I  Hexagonal  Nos,  1  ,  6,15,  28,  45,  66,  91.. 
The  Side  of  a  polygonal  number  is  the  number  of  points 


scribed  circle :  then  apply  ab  continually  round  the  cir-    '"  ^^^  "^'^  "^  the  polygonai  figure  «hen  the  poiui.  mthe 
cumferenceaa  before  number  are  ranged  in  that  form.-    And  this  is  also  the 

same  as  the  Dumber  of  terms  ot  the  arithmuiicaU  that  are 


added  together  in  composing  the  polygonal  Dumber. 

.The  Anglet,  or  Numbers  of  Angles,  are  the  tame  as 
those  of  the  figure  from  which  the  number  takes  its  name. 
So  the  angles  of  the  triangular  numbers  arc  3,  of  the 
square  ones  4,  of  the  pentagonals  5,  of  the  hexagonals  6, 
and  so  on.  Hence,  the  angles  are  2  more  than  the  com- 
mon difference  of  the  arithmetical  scries  from  which  any* 
rank  of  polygon als  is  formed  :  so  the  arithmetical  series 
has  for  its  common  difference  the  number  I  or  2  or  3  &!c 
as  follows,  viz,  1  in  the  ttiangles,  2  in  the  squares,  3  in 
(4th)  To  find  the  Area  of  any  regular  Polygon — Multiply  the  pentagons,  &o;  and,  in  general,  if  a  be  the  number  of 
the  square  of  its  side  by  the  tabular  area,  found  on  the  angles  in  the  polygon,  then  a  —  2  h  =  d  the  common  dif- 
line  of  its  name  io  the  last  column  of  the  table,  and  the  ferencc  of  the  arithmetical  series,  or  d  -r-  2  =  a  the  oum- 
product  will  be  the  area.     Thus,  to  find  the  area  of  the     her  of  angles, 

trigon,  01  equilateral  triangle,  whose  side  is  20.  The  Prob.  1.  To  find  any  Pofygonal  NtwAer  pnpoied; 
square  oi  20  being400  multiply  the  labulararea -433012?  having  given  its  side  n  and  angles  a.  The  polygonal 
by  400,  and  the  product  173-2O508  will  be  the  area.  number  beipg  evidently  the  sum  of  the  arithmetical  pro- 

7.  There  are  also  several  cunous  algebraical  theorems  gression  whose  number  of  terras  is  n  and  common  dif- 
for  inicribmg  polygons  in  circles,  or  finding  the  chord  of  ference  a  -  2;  and  the  sum  of  an  arithmetical  progres- 
wiy  proposed  part  of  the  circumference,  which  is  the  same  ajon  being  equal  to  half  the  product  of  the  extremes  by 
"  angular  secUoni.     Thesekindsof  sections,  or  parts  and     the  number  of  terms,  the  extremes  being  1  and  1  +  <t 


multiples  of  arcs,  were  first  treated  of  by  Vieta,  as  shi 
in  the  Introductiou  to  my  Log.  pa.  9>  aad  since  punned 
by  several  other  mathematicians,  in  whose  works  they  are 
usually  to  be  found. 

PoLt&oit.  in  Fortification,  denotes  tiie  figure  or  peri- 
meter of  a  fortress,  or  fortified  place.  This  is  cither  Ex- 
terior or  Interior. 

Exterior  Poltooh  is  the  perimeter  or  figure  formed  by 
lines  connecting  the  points  of  the  bastious  to  one  another, 
quite  round  the  work.     And 


(»-l)=l  - 
r  this  s 


-  l]i  therefore  that  a\aa- 


-r>(d--» 


u'fa  -  a)  -  Bfa  -  t) 


where  (f  is  thee 


mon  difference  of  the  arjtiuneticals  that  form  the  poly- 
gonal number,  and  is  always  2  less  than  the  number  of 
angles  a. 

Hence,  far  the  several  kindsof  polygons,  any  particular 

number  whose  side  is  n,  will  be  found  from  either  of  these 

.  ■     L         ■      .  .c         f         J  L       two  frrmulte,  by  using  for  d  its  values  l,2i  3,4,  &c: 

JnwrwrPoLTOOS,  19  the  penmeteror  figure  formed  by    „j,icii  gjye,  these  following  formula  for  the  polvnoaal 

lines  connecting  the  centres  of  the  bastions,  quite  around,     number  in  earh  sort.  vis.  thn  "  '         ^    '° 

ldtteqf?ohrQQn&,  is  a  line  on  5 


B  sectors,  contain- 
ing the  homologous  sides  of  the  firat  nine  regular  pelygons 
inscribed  in  the  same  circle;  viz,  from  an  equilateiul  tri- 
angle tu  a  dodecagon. 

POLYGONAL  7Viiin6erj.  are  the  continual  or  succes- 
sive sums  of  numbers  in  arithmcticBl  progression,  begin- 
ning at  1, and  regularly  increasing;  being  called  polygo- 
nals,  because  the  number  of  points  in  them  may  be  ar- 
'ranged  in  the  form  of  the  several  polygonal  figures  in  geo- 
metry, as  is  illustrated  under  the  article  FtatiaATB  iVwn- 
btrtf  which  sec. 

The  several  kinds  of  polygonal  numbers,  viz,  the  tri- 
angles, squares,  pentagons,  hexagons,  &c.  are  formed 
from  t^e  addition  of  the  terms  of  the  arithmetical  series, 
having  respectively  their  common  diSereoce  1.  9.  3,  4, 
&c;  viz, if  the  common  difference  of  the-arithmeticals  be 
1.  the  sums  of  their  terms  will  form  the  triangles  ;  if  2, 
thesqnaiBs;  if  3,  the  pentagons;  if  4,  the  hexagons.  &c. 
Thus.: 


Dumber  in  each  sgrt,  v 
Triangular 
Square 
Pentagonal 
Hexagonal 
Heptagonal 
tngonal 
Pbob.S.     Tofind 


=  ii*. 


the 

J(2»*  -  0»)  = 

^(4n»  -  2a), 
f  (5»'  —  3n), 

i[(n.-2)n*-  C«-4)n]. 
Sum  qfany  Number.qf  Polygonal 


Nvtnbert  of  any  order.~-Let  the  angles  of  the  polygon  be 
Bf  or  the  common  difference  of  the  arithmeticals  that  form 
the  polygunals,  d;  and  n  the  number  of  termsin  the  poly- 
gonal series,  whose  sum  is  sought :  then  is 
|(«»-l)d«-f.^C»-H)»or>--l).(a-2)B+4(«+l)» 
the  sum  of  the  it  terms  sought. 

Hence,  substituting  successively  the  numbers  1,  2,3,4, 
&c,  for  f^,  there  is  obtained  the  following  particular  cases, 
or  formule,  for  the  sums  of  n  terms  «t  the  severe  rank* 
of  polygonal  nunUwn,  txi,  the  sum  of  the 
«.E  2 
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Triangulan     - 

-        |C  n*  +  311  +  2)(i, 

Squarei 

-        i(2»*  +  3«  +  l>t, 

FenUgoDidB    - 

He«gon»U    - 

HeptagoBsU  - 

i{5n*  +  Sit  -  2)11. 

&c,  which  may  be  illustrated  aa  follows  : 

JWa/^to. 

1           2 

3                                   ♦ 

Triangle. 

1           3 

Figure. 

•  ..y-x 


S^uara. 


D 


•  \ 


by  at  many  points,  as  there  are  actually  io  the  diagonals 
and  the  two  sides  produced. 

This  rule  is  general,  from  the  triangle  up  to  the  polygon 
of  an  infinite  number  of  sides. 

Fermat  discovered  a  very  curious  and  general  property 
of  polygonal  numbers,  which  is  this  :  That  every  number 
is  the  sum  of  one,  two,  or  three  triangular  numbers  ;  the 
sum  of  one,  two,  three,  or  four  squares ;  the  sum  of  one, 
two,  three,  four,  or  Ave  pentagoDal  numbers ;  and  so  on ; 
that  is  generally:  If  m  denote  any  order  of  polygonal 
numben,  then  any  number  whatever  may  be  resolved  into 
m  polygonal  numben  of  this  order,  or  a  less  number. 

This  curious  properly  has  not  howtver  been  demon- 
strated, except  for  the  cases  of  triangles  and  square*,  the 
other  cases  seeming  to  bid  defiance  lo  ihc  efforts  of  those 
mathematicians  who  have  attempted  them.  A  demou- 
itration  for  the  squares  may  be  seen  in  Leyboum's  Mathe- 
matical Repository;  and  for  both  the  squares  and  trian- 
gles, in  Legendre's  Easai  sur  la  Theorie  dc^  Nombres. 

P6LYGONOMETRY,  the  science  and  principles  of 
polygons.  For  which,  see  my  Course  uf  Mathematics, 
last  volume. 

POLYGRAM,  in  Geometry,  a  figure  consisting  of  many 
lines. 

POLYHEDRON,  or  Polyf.dhon,  a  body  or  solid 
contained  by  many  rectilinear  planes  or  sides.  When  the 
sides  of  the  polyhedron  arc  regular  polygons,  all  similar 
and  equal,  then  the  polyhedron  bernmes  a  regular  body, 
and  may  be  inscribed  in  a  sphere  ;  that  is,  a  sphere  may 
be  described  about  it,  so  that  its  surface  shall  touch  all 
the  angles  or  corners  of  the  solid.  There  are  but  five  of 
these  regular  bodies,  viz,  the  tetraedron,  the  hexaedron  or 
cube,  the octaedron,  the  dodecaedron,  and  the  icosaedron> 
See  Reodlar  Body,  and  each  of  those  &\e  bodies  seve- 
rally. 

GnomotticiU  PoLYHBonoir,  is  a  stone  with  several  faces, 
on  which  are  projected  various  kinds  of  dials.  Of  this 
sort,  that  in  the  Privy-garden,  Landou,  now  gone  to  ruin, 
was  esteemed  the  finest  in  the  world, 

PoLTUEDsoN,  in  Optics.     See  Poltscopb. 
POLYHEDHOUS  FJgarc,  in  Geometiy,  a  solid  con- 
tained under  many  sides  or  planes.     See  Poltkedrox. 

POLYNOMIAL,  in  Algcbra.a quantity  ofmany  names 
or  terms,  and  is  'otherwise  called  a  Multinomial,  Aa 
a  +  3b  ~  Sc  -t-  4ij,  &c.     See  Multinomial. 

POLYOPTRUM,  in  Optics,  a  glass  through  which  ol>- 
jects  appear  multiplied,  but  diminished.  This  differs  both 
ia  structure  and  phenomena  from  the  common  multiply- 
ing glasses  called  polyhedra  or  polyscopes. 

To  coiatntct  the  Pofyopirum. — From  a  glass  ab,  plane  on 
both  sides,  and  about  3  fingers  thick,  cut  out  spherical 
ires,  begin  with  drawing  a  small  segments,  scarce  a  iith  part  of  a  digit  in  diumeter- — If 
iher  of  sides  required  (as  5  or6)  j  then  the  glass  be  removed  lo  such  a  distance  from  the  eye, 
that  you  can  take  in  all  the  cavities  at  one  view,  you  will 
see  the  same  object,  as  if  through  so  many  several  coo-' 
cave  glasses  as  there  are  cavities,  and  all  exceeding  small. 
— Fit  this,  as  an  object-gla^s,  in  a  tube 
ABCD,  whose  aperture  a£  is  equal  to  the 
diameter  of  the  glass,  and  the  other  CD  is 
equal  to  that  of  an  eye-glass,  as  for  in- 
stance about  a  finger's  breadth. 
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Arid  thus  may  any  polygonal  number  be  represented  by 
points  in-theJigure  whose  name  it  bears. 

Thus,  in  the  above  fif;ur 
polygon  that  has  the  nv 

this  number  remains  constant  for  one  and  the  same  series 
of  polygon,  numbers,  and  is  always  equal  to  S  plus  the 
difference  of  the  arithmetical  progression  from  which  the 
series  ia  produced.     Then  choose  one  of  its  angles,  in  or- 
der to  draw  from  the  angular  point  all  the  diagonals  of 
this  polygon,  which,  with  the  two  sides  containing  the  angle 
that  has  been  taken,  are  to  be  indefinitely  produced ; 
after  that  has  been  done,  take  these  two  sides,  and  the  dia- 
gonals of  the  first  polygon  on  the  indefinite  lines,  each  as     length  of  the  tube  ac  is  to  be  accommo- 
often  as  you  choose  ;  and  draw,  from  the  corresponding     dated  to  the  object-glass  and  cye-glaBS,by 
points  marked  by  the  compMsei,  lines  parallel  to  the  first     trial.  In  cd  fit  a  convex  eye-glass,  or  in  its  stead  a  meniscus 
polygon;  and  dividv  them  into  as  many  equal  parts,  or    having  thedistanceofittpriucipalfucusalitllelargeTlliBn 
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the  length  of  the  tube  ;  so  that  the  point  from  which  the 
rays  diverge  after  irfraction  in  the  object-^lass,  may  be  in 
the  focua.  If  then  the  eye  be  applied  near  the  eye-glass, 
a  single  object  will  be  seen  repeated  as  often  as  there  are 
cavities  in  the  object-glass,  but  still  diminUbed. 

POLYSCOPE,  or  PoLniKDaoS,  in  Optics,  is  a  mul- 
tiplying glass,  being  a  glass  or  lens-  whicb  represents  a 
sii^e  object  to  the  eye  as  if  it  were  many.  It  consists  of 
several  plane  surfaces,  disposed  into'  a  convex  form, 
through  every  one  of  which  the  object  is  seem 

Phenomena  of  the  PolifKope.—\.  If  several  rays,  as  ef, 
AR,  CD,  fall  parallel  on  the  . 

sur&ce  of  a  pulyscope> 
they  will  continue  parallel 
after  refraction.  If  then 
the  polyscope  be  suji^Kued 
regular,  lh,  hi,  iw  will  be 
as  tangents  cutting  the 
spherical  cnnve.\  lens  in  f, 
B,  and  D  ;  and  coniequently,  rays  falling  on  the  points  of 
contact,  intersect  the  axis.  Therefore,  since  the  rest  are 
parallel  to  the:>e,  they  will  also  mutually  intersect  each 
other  in  c. — Hence,  if  the  eye  be  placed  where  parallel 
rays  decussate,  rays  of  the  same  object  wilt  be  propagated 
to  it  still  parallel  from  the  several  sides  of  the  glass. 
Therefore,  since  the  crystalline  humour,  by  its  convexity, 
unites  parallel  rays,  the  rays-  will  be  united  in  as  jnany 
different  points  ol  the  retina,  a,  b,  c.  as  the  glass  has  sides. 
Consequently  the  eye,  through  a  polyscope,  sees  the  object 
repeated  as  many  times  as  there  are  sides.  And  hence, 
since  rays  coming  from  very  remote  objects  are  parallel, 
a  remote  object  is  seen  through  a  poljrscope  as  often  re- 
peated as  that  has  sides. 

3.  If  rays  ah,  ac,  as,  coming  from  a  radiant  point  a 
foil  on  several  sides  L 

of  a  regular  poly- 
scope;  after  refrac- 
tion they  will  de- 
cussate in  o,  and 
proceed  on  a  little 
diverging. — Hence, 

if  the  eye  be  placed  "- 

where  the  rays  decussate  after  coming  from  the  several 
planes,  the  rays  will  be  propagated  to  it  from  the  several 
planes  a  little  diverging,  or  as  if  they  proceeded  from 
different  points.  But  since  the  crystalline  humour,  by  its 
convexity,  collects  rays  from  several  points  into  the  same 
point ;  the  rays  will  be  united  in  as  many  diflerent  paints 
of  the  retina,  a,  b,  c,  as  the  glass  has  sides ;  and  conse- 
quently the  eye,  being  placed  in  the  focus  o,  will  see  even 
a  near  object  through  the'  polyscope  as  often  repeated  as 
that  has  sides. 

Thus  may  the  images  of  objects  be  multiplied  in  a  ca- 
mera obscura,  by  placing  a  polyscope  at  its  aperture,  and 
adding  a  convex  lens  at  a  due  distance  from  it.  And  it 
makes  a  very  pleasant  appearance,  if  a  prism  be  applied 
go  that  the  coloured  rays  of  the  sun  refracted  from  it  be 
received  on  the  polyscope:  for  by  Ihia  means  they  will  be 
thrown  on  a  paper  or  wall  near  at  hand  in  little  lucid 
specks,  much  exceeding  the  brightness  of  any  precious 
stone ;  and  in  the  focus  of  the  polyscope,  where  the  rays 
decussate  (for  in  Ibis  experiment  they  are  received  on  the 
convex  side],  will  be  a  star  of  surprising  lustre. 

Farther,  if  images  be  painted  in  water-colours  in  the 
areoke  or  little  square*  of  a  polyscope,  and  tha  glass  be 


applied  to  the  aperture  of  a  cameA  obscura  ;  the  sun's 
rays,  passing  through  it,  will  carry  with  them  the  images, 
and  project  them  on  the  opposite  wall. — This  artifice  bears 
a  resemblance  to  that  other,  by  which  an  image  on  paper 
is  projected  on  the  camera;  viz,  by  welting  the  paper 
with  oil,  and  straining  it  tight  in  a  frame  ;  then  applying 
it  to  the  ^>crture  of  the  camera  obscura,  so  that  the  rays 
of  a  candle  may  pass  through  it  upon  the  polyscope. 

To  wiake  an  Anaaiorphotu,  or  Dtfonued  Image,  whitk 
shall  appear  regular  and  beautiful  titrough  a  Polj/icope,  ar 
MuHiplying  Glau.—At  one  end  of  a  horizontal  table  erect 
another  perpendicularly,  on  which  a  figure  may  be  de- 
signed ;  and  on  the  other  end  erect  another,  to  serve  as  a 
fulcrum  or  support,  moveable  on  the  hurizontat  one.  To 
the  fulcrum  apply  a  plano-convex  polyscope,  cottsistiog, 
fur  example,  of  24  plane  triangles ;  and  let  the  polyscope 
be  fitted  in  a  draw-tube,  of  which  that  end  towards  the 


other  perpendicular  table,  till  it  be  out  of  the  distance  of 
the  focua  ;  and  the  more  so,  as  the  image  is  to  be  greater. 
Before  the  little  aperture  place  a  lamp  ;  and  trace  the  In- 
minous  areoix  projected  from  the  sides  of  the  polyscope, 
with  a  black  lead  pencil,  on  the  vertical  plane,  ora  paper 
applied  upon  it. 

In  the  severt^  areola,  design  the  diffisrent  parts  of  an 
image,  in  such  a  manner  as  that,  when  joined  together, 
they  may  make  one  whole,  looking  every  now  and  .then 
through  the  tube  to  guide  and  correct  the  colours,  and  to 
see  that  the  several  parts  match  and  fit  well  together.  As 
to  the  intermediate  space,  it  may  be  filled  up  wiih  any 
£gures  or  designs  at  pleasure,  contriving  it  so,  as  that  to 
the  naked  eye  the  whole  may  exhibit  some  appearance 
very  different  from  that  intended  to  appear  through  the  po- 
lyscope.— The  eye,  now  looking  through  the  sniall  aperture 
of  the  tube,  will  see  the  several  parts  and  members  dis- 
persed among  the  areolx  to  exhibit  one  continued  image, 
all  the  intermediate  parts  disappearing.     See  Akahou- 

PHOSIS. 

FOLVSP ASTON,  in  Mechanics,  a  machine  so  called 
by  Vitruvins,  consisting  of  an  assemblaga  of  several  pul- 
leys, used  for  raising  heavy  weights. 

PONTON,  or  Poktoom,  a  kind  of  flat-bottomed  boat, 
whose  carcase  of  wood  is  lined  within  and  without  with 
tin-  Some  nations  line  them  on  the  outside  only,  and  that 
with  plates  of  copper,  whicb  is  better.  Our  pontoons  are 
3\  feet  long,  nterly  5  feet  broad,  aud  3  feet  1{  inch  deep 
within.  They  are  carried  along  with  an  army  upun  car- 
liages,  to  make  temporary  bridges,  called  pontoon- bridges.  . 

PoSTOov-Bridge,  *  bridge  made  of  pontoons  slipped 
into  the  water,  and  moored  by  anchors  and  otheruisa 
fastened  together  by  ropes,  at  small  distances  from  one 
another;  then  covered  by  beams  of  timber  passing  over 
them  i  upon  which  is  laid  a  flooring  of  boards,  tiy  this 
means,  whole  armies  of  infantry,  cavalry,  and  artillery  are 
quickly  passed  over  rivers. — For  want  of  pontoons,  &c, 
bridgm  are  sometimes  formed  of  empty  powder-cusks,  oc 
powiier-barrels,  which  support  the  beams  and  flooring. 
Julius  C'Ksar  and  Aulus  Gellius  both  mentiun  pontoons 
(pontones);  but  theirs  were  no  more  than  a  kind  of  square 
Bat  vessels,  proper  for  carrying  over  horse,  fitc. 

PONT-VoLANT,  or  F^r(ng-frrj"rfg«,isakindof  bridge 
used  ill  sieges,  for  surprising  a  post  or  outwork  that  has  but 
narrow  moats.  It  is  made  of  two  small  bridges  laid  over 
each  other,  and  so  contrived  that,  by  means  of  coids  and 


vGoogle 


the  weight  of  tlie  men. 

POPULATION  f^tht  Wortd.- 

-From  Le  Sage'*  Atlu, 

1814,  is  in 

MlUionh 

Europe 

J70 

Asia 

380 

Africa 

90 

America,  North 

30 

South       - 

go 

The  Oceanic  Islands 

20 

Total  population  of  the  globe 

-             710 

POR  [S14]  POR 

|ttilley*  placed  alot^  the  sides  of  the  under  bridge,  the  some  other  theorem  already  proved :  ia  which  miik  it 
upper  may  be  puhed  forwards,  till  it  join  the  place  agrees  with  what  is  otherwise  called  corollary,  and  wai 
where  it  is  designed  to  be  fixed.  The  whole  length  of  both  much  used  as  such  eveu  by  the  geometers  two  or  three 
ought  not  to  be  above  i  futboms,  leit  it  should  break  with     centuries  ago. 

Pappus  says.  A  porism  is  that  in  which  something  was 
proposed  to  be  investigated,  or  something  between  a  the- 
orem and  a  problem.  Others  derive  it  from  *6^<if,  apas- 
Mge,  and  make  it  of  the  nature  of  a  lemma,  or  %  pro* 
position  necessary  for  passing  to  another  more  important 
one. 

But  Dr.  Simsoa,  rejecting  the  accounts  that  havo 
been  given  of  a  poriim,  defines  it  a  proposition,  either  in 
the  form  of  a  problem  or  a  theorem,  in  which  it  is  pro- 
posed either  to  invcstigaie,  or  demonstrate.  And  Mr. 
Playfair  says,  A  porism  isnoihingflse  than  that  particular 
PORCH,  ia  Architecture,  a  kind  of  vestibule  supported,  case,  when  ihc  data  of  a  problem  arq  so  related  to  one 
by  columns  ;  much  used  at  the  entrance  of  the  ancient  another  as  to  render  it  indefinite,  or  capable  of  innumer- 
lempk-s,  balls  churches,  &c.  Such  is  that  beforu  the  able  solutions.  Kdinburgh  Philos.  Trans,  vol.  i,  pa.  6o. 
door  of  St.  Paul's,  Covent  Garden.  Euclid  wrote  three  boL^ks  of  porjsms,  being  a  curious 

When  a  porch  had  four  columns  in  front,  it  wascalled  collection  of  various  things  relating  to  the  analysis  of 
a  letrastyle  ;  when  six,  bexastyle  ;  when  eight,  .octostyle,  the  more  difficult  and  gi'neral  problems.  I'hobe  books 
&C.     Sec  Teirtuiyle,  &c.  however  are  lost;  and  nothing  remains  in  the  works  of 

PORES,  are  the  smalt  intprslices  between  the  pirticles  the  ancient  geometricians  concerning  this  ■.ubjccT,  besides 
ofmatierwhich  compose  bodies;  and  are  either  empty,  or  what  Pappus  has  preserved,  in  a  very  imperfect  and  oh- 
filled  with  some  iiisemtible  medium. — Condensation  and  scurc  state,  in  his  Mathematical  Collections,  viz,  in  iha 
rarefaction  are  only  performed  by  closing  and  opening  the    introduction  to  the  7th  book. 

pores.  Also  the  transparency  of  bodies  is  supposed  to  Several  atlcmpti  have  been  made  to  restore  these  writings 
•rise  from  their  pores  being  directly  opposite  to  one  nno-  in  tome  degree,  besides  that  which  Pappus  bus  lott  upon 
ther.  And  the  matter  of  insensible  perspirntion  is  con-  the  subject.  Thus,  Fcrmat  has  given  a  fciv  propositions 
veyed  through  ^he  pores  of  the  cutis.— Mr.  Boyle  has  a  of  this  kind  ;  which  are  to  be  fouud  iu  the  collection  of 
particular  essay  on  the  porosity  of  bodies,  in  which  be  his  woflts,  in  folio,  Ifi/S,  pa.  116'.  The  like  was  done  by 
proves  that  tbe  most  solid  bodies  have  some  kind  of  pores  :  Bnlliald,  in  his  E.ierciiaiiones  Geometrical,  4to,  1657, 
and  indeed  if  they  had  not,  all  bodies  would  be  alike  spe-  Oi.  Robert  Simson  gave  also  a  specimen,  in  two  propo- 
ciUcally  heavy.  eitions,  in  the  Philos.  Trans,  vol.  32,  pa,  3iO ;  and  besides 

SirlsaacNewtonshows,  that  bodies  are  much  more  rare  left  behind  him  a  considerable  treatise  on  thesubjectof 
and  porous  than  is  commonly  believed.  Water,  for  ex>-  porisros,  which  has  been  printed  in  aneditionof  his  works, 
ample,  is  19  times  lighter  and  rarer  than  gold ;  and  gold  at  the  expense  of  the  earl  of  Stanhope,  in  4to,  177tf ;  an 
itself  is  so  rare,  as  very  readily,  and  without  the  least  op-  English  translation  of  a  part  of  which  was  published  by 
position,  to  transmit  magnetic  effluvia,  and  easily  to  admit     Mr.  Lawson  in  the  year  following. 

even  quicksilver  into  its  pores,  and  to  let  water  pass  through  The  whole  three  books  of  Euclid  were  also  restored  by 
it :  for  a  concave  sphere  of  gold  hath,  when  tilled  with  that  ingenious  mathematician  Albert  Girard,  as  appears 
water,  and  soldered  up,  upon  pressing  it  with  agreat  force,  by  two  notices  that  he  gave,  first  in  his  Trigonometry, 
suffered  the  water  to  squeeze  through  it,  and  stand  all  over  printed  in  French,  at  tbe  Hague,  in  1629,  and  also  in  his 
its  outside,  in  multitudes  of  small  drops  like  dew,  without  edition  of  the  works  of  Stevinus,  printed  at  Leyden  in 
bursting  or  Cracking  tbe  gold.  Whence  it  may  be  con-  l€34,  pa.  4^9 ;  but  whether  his  intention  of  publishiiig 
eluded,  that  gold  has  more  pores  than  solid  parts,  and  con-  them  was  ever  carried  into  execution,  I  have  not  been  able 
sequently  that  water  has  above  40  limes  more  pores  than     to  learn. 

parts.  Hence  it  is  that  the  magnetic  effluvia  passes  A  learned  paper  on  the  subject  of  porisms,  by  iha  very 
fireely  through  all  cold  bodies  that  are  mit  magnetic  ;  and  ingenious  professor  Playfair.was  inserted  iu  the  3d  volume 
that  the  rays  of  light  pass,  in  right  lines,  to  the  greatest  of  the  Transactions  of  the  Royal  Society  of  Edinbargli. 
distances  through  pellucid  bodies.  And  as  this  paper  contains  a  number  of  curious  observa- 

PORIME,  f^'ma,  in  Geometry,  a  kind  of  easy  lemma,  tions  on  the  geometry  of  the  ancients  in  general,  as  well  as 
or  theorem  so  easily  demonstrated,  that  it  is  almost  self-  forms  a  complete  treatise  as  it  were  on  porism  in  pariicU' 
evident:  such,  for  example,  as  that  a  chord  is  wholly  lar,  a  pretty  considerable  abstract  of  it  cannot  but  bt 
within  the  circle— Pori me  stands  opposed  to  aporime,  deemed  in  this  place  very  useful  and  important, 
which  denotes  a  proposition  so  difficult,  as  to  be  almost  "  The  restoration  of  the  ancient  books  of  geometry 
impossible  to  be  demonstrated,  or  effected.  Such  as  the  (says  the  learned  professor)  would  have  been  impossible, 
quadrature  of  the  circle,  &c.  without  the  coincidence  of  two  circumstances,  of  which, 

PORISM,  PortMia,  in  Geometry,  has  by  some  been  though  theoneispurtly  accidental,  theoiher  isessentially 
defined  a  general  theorem,  or  canon,  deduced  from  ageo-  connected  with  the  nature  of  the  mathematical  sciences. 
metrical  lucus,andBervingfor  thesolution  of  other  general  The  first  of  these  circumstances  is  the  preservation  of  a 
and  diflicult  problems.  Proclus  derives  the  vrord  from  short  abstract  of  those  books,  drawn  up  by  Pappus  Alex- 
the  Gnek  vagiK"',  I  eaahlUk,  and  conclude  from  some-  andrinus,  together  with  a  series  of  such  lemmata,  as  he 
thing  already  done  and  demonstrated:  and  accordingly  judged  useful  to  fiicilitate  the  study  ofthem.  The  second 
he  defines  porisma  a  theorem  drawn  occasionally  from     is,  the  necessary  councction  that  takes  place  among  iha 
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objects  of  every  mothematical  work,  which,  E>y  exclu- 
ding  whatever  is  arbitrary,  makes  it  possible  to  drtcrmine 
the  .whole  course  of  an  investigation,  when  only  a  few 
points  in  it  are  known.  From  the' union  of  these  circum- 
stances, matbematics  bai  enjoyed  an  advantage  of  which 
no  Other  branch  of  knowledge  can  partake;  alid  while 
the  critic  or  the  historian  has  only  beun  able  to  lament 
the  fate  of  those  books  of  Livy  and  Tacitus  which  are 
lost,  the  geometer  has  had  the  high  satisfaction  to  behold 
the  works  of  Euclid  and  Apollonius  reviving  under  his 

"  The  first  restorers  of  the  ancient .  books  were  not, 
however,  aware  of  the  full  extent  of  the  work  which  ihcy 
had  undertaken.  They  thought  it  sufficient  to  demonstrate 
the  propositions,  which  they  knew  from  Pnppus,  to  have 
been  contained  in  those  books;  but  they  did  not  follow 
the  ancient  method  of  investigation,  and  few  of  them  ap- 
pear to  have  had  any  ideii  of  the  elegant  and  simple  ana- 
lysis by  which  these  propositions  were  originally  discover- 
ed,  and  by  which  the  Greek  geometry  was  peculiarly  dis- 
tinguished. ' 

"  Among  these  few,  Fermal  and  Halley  are  to  be  par- 
ticularly remarked.     The  former,  one  of  the  greatest 


suffered  so  much  from  the  injuries  of  time,  that  all  which 
wc  can  immediately  leam  from  it  is,  that  the  ancients 
put  a  high  value  on  the  propositions  which  they  called 
porisnis,  and  regarded  them  as  a  very  important  pan  of 
their  analysis.  The  porisms  of  Euclid  are  said  to  be, 
"  Coliectio  artificiosissima  multarum  rerum  ijuse  spcctant 
ad  wnalysin  difhciliorum  et  generalium  problcmaturo.' 
1'he  curiosity,  however,  which  is  excited  by  this  encomium 
is  quickly  disappointed ;  for  when  Pappus  proceeds  to  ex- 
plain what  a  porism  is,  he  lays  down  two  definitions  of  it, 
one  of  which  is  rejected  liy  him  as  imperfect,  while  the 
other,  which  is  stated  as  correct,  is  too  v^ue  and  indefi* 
nile  to  convey  any  useful  information. 

"  These  defects  might  nevertheless  have  been  supplied, 
if  the  enumeration  which  hir  next-  gives  of  Fuclid's  Pro- 
positions had  been  entire;  but  on  account  of  the  extreme 
brevity  of  his  enunciations,  and  their  reference  to  a  dia- 
gram which  is  lost,  and  for  the  constructing  of  which  no 
directions  are  piven,  they  are  all,  except  one,  perfectly 
unintelligible.  For  these  reasons,  the  fragment  in  ques- 
tion is  so  obtcUTC,  that  even  to  the  learning  and  penetra- 
tion  of  Dr.  Ilallcy  jt  seemed  impossible  that  it  could  ever 
(plained;  and  |je  therefore  concluded,  after  giving 


themati'cians  of  the  last  age,  and  a  man  in  ail  respects  of  the  Greek  text  with  all  possible  correctness,  and  adding 

superior  abilities,  had  veryjust  notions  of  the  geometrical  the  Laiin  translation,  '  Hacienus  Porismalum  descriptio 

'  analysis,  and  appears  often  abundantly  skilful  in  the  use  qi'C  mihi  inieltecta,  nee  lectori  prot'utura.      Neque  aliier 

of  it;  yet  in  his  restoration  of  the  Loci  Plani,  it  is  remark-  fieri  potuil,  lam  ob  defectum  schcraaiis  cujus  fit  mentio, 

able,  that  in  the  most  difficult  pruposiiions,  he  lays  aside  quam  ob  oraissa  qucedam  et  transposila,  vel  aliter  vitiata 

the  analytical  method,  and  contents  himself  with  giving  in  propositionis  getieralis  expositione,  unde  quid  sibi  velit 

the  synthetical  demonstration.  The  latter,  among  the  great  Pappus  baud  mihi  datum  est  conjicere.     His  addedictio- 

number  and  variety  of  his  literary  occupations,  found  nis  modum  nimis  contractum,  ac  in  re  difticili,  qualii 
time  for  a  most  attentive  study  of  the  ancient  mathema* 


what  ex  peri  er 


>  shoi 

equally 


lo  be  much  rarer  than  might  be  expected, 
well  acquainted  with  the  ancient  and  the 
try,  and  equally  disposed  lo  do  justice  to  the  merit  of 
both.     He  restored  the  books  of  Agollonius,  on  the  pro- 
blem De  Sectione  Spatii,  according  to  the  true  principles 
of  the  ancient  analysis. 

"  These  books  however  are  but  short,  so  that  the  first 
restoration  of  considiTable  extent  that  can  be  reckoned 
complete,  is  that  of  the  Loci  Flaui  by  Dr.  Simson,  pub- 
lished in  1749;  which,  if  it  differs  at  all  from  the  work 
it  is  intended  to  replace,  seems  to  do  so  only  by  its  greater  tempted 
excellence.    This  ranch  at  least. is  certain,  that  the 


hsc  est,  minime  usurpandui 

"■  It  is  true,  however,  that  before  this  lime,  Fermat 
had  atn  inpted  to  explain  the  nature  of  porisms,  and  not 
altogether  without  success.  Guiding  his  conjectures  by 
the  ilefinition  which  Pappus  censures  as  imperfect,  be- 
Ausc  it  defined  poilsms.unly  *ab  accidente,'  vie, '  poris- 
ma  est  quod  deficit  hypolhesi  a  Theoremale  Locali,'  be 
formed  to  himself  a  tolerably  just  notion  of  these  propo- 
sitions, and  illustrated  his  general  description  by  ex- 
amples that  are  in  cifect  porisms.  But  he  was  able  to 
proceed  no  farther ;  and  he  neither  proved,  that  his  no- 
tion of  a  porism  was  the  same  with  Euclid's,  nor  at- 
)  restore,  or  explain  any  one  of  Euclid's  propo- 
uch  less  did  he  suppose,  that  they  were  to  he 


thod  of  the  ancient  geometers  does  not  appear  to  greater  investigated  by  an  analysis  peculiar  to  themselves.     And 

advantage  in  the  most  entire  of  their  writings,  than  in  fhe  so  imperfect  indeed  was  this  attempt,  that  the  complete 

leitoralton  above  mentioned  :  and  that  Dr.  Simson  has  restoration  of  the  porisms  was  necessary  to  prove,  that 

often  sacrificed  the  elegance  to  which  his  own  analysis  Fermat  had  even  approximated  to  the  truth, 

would  have  led,  in  order  to  tread  more  exactly  in  what  "  All   ibis  did  not   however  deter  Dr.  Simson  fron> 

the  lemmata  of  Pappus  pointed  out  to  him,  as  the  track  turning  his  thoughts  to  the  same  subject,  which  he  appears 

which  Apollonius  bad  pursued.  to  have  done  very  early,  and  long  before  the  publkatiOR 

■'  "■           IS  another  stiliject,  that  of  porisms,  the  most  of  the  Loci  Plani  in  1749. 


intricate  and  enigmatical  of  any  thing  in  the  ancient  geo- 
metry, which  was  still  reserved  to  exercise  tlie  genius 
of  Dr.  Simson,  and  to  call  forth  that  enthusiastic  admi- 
ration of  antiquity,  and  that  unwear/ed  perseverance  in 
research,  for  which  he  was  so  peculiarly  distinguished. 
A  treatise  in  three  books,  which  Euclid  had  composed 
porisms,  was  lost,  end  all  that 
1  abstract  of  thi 


"  The  account  he  gives  of  his  progress,  and  of  the  ob- 
stacles he  cncoutitcred,  will  be  ttlwaye  interesting  to  ma- 
thematicians. '  Postquam  vero  Apud  Pappum  legeram; 
porismata  Euclidis  cdllectionem  fuisse  artificiosissimam 
multarum  rerum,  qoffi  spectant  ad  analysin  difficiborum 
et  generalium  probleraaturn,  magno  desiderio  tetiebar, 
ng  them  aliquid  de  iis  cognosceijfJi ;  quare  sKpius  et  multis  vanis- 
inserted    by  Pappus     que  viis  turn  Pappi  propositionem  generalem,  mancam 


Alexandrinus  in  his  Mathematical  Collections,  in  which,  et  impcrfectani,  turn  prii 
had  it  been  entire,  the  geometers  of  later  times  would  "' Porisma,  quod  solum  ex  omnibus  in  tribus  libris  in- 
doubtless  have  found  wherewithal  to  coosole  themselves  tegrura  adhuc  manet,  intelligere  et  restituere  conabar; 
for  the  loss  of  the  onginal  work.  But  UDfortunaCely  it  has  frustra  tainen,  nihil  enim  proficiebam,    Cumquc  cogita- 
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tiones  de  hac  re  multum  mibi  lemporU  consumpaerint, 
atque  moleBtaj  admodura  ovaseriiit,  fir.-niler  animum  in- 
duxi  h»c  nunquBtn  in  posterum  investigarc ;  prffiserum 
cum  optimus  georaelra  Halleius  spem  omnem  tie  ii3  in- 
telHgendis  abjttisMt.  Unde  quolics  menu  occurrebant, 
totics  eas  arctbaro.  Poslea  tami-n  accidit,  ut  iraprovidum 
et  propositi  immtniorem  invaaerint,  meque  detinuerint 
donee  tandem  lux  quadam  effulseiil,  quE  spean  mihi 
jfocicbat  invenieodi  saltern  Pappi  propositi  one  in  gencra- 
leni,  quam  quidcni  multa  iiivesiigatione  tandem  reslitul, 
H«c  aulem  paulo  post  una  cum  Porismate  prinio 
lib,  i.  impressa  est  inierTransactioncs  Phil,  anni  1723, 
num.  177.' 

"  The  propositions  mentioned,  as  inserted  in  the  Phi- 
losophical Transactions  for  1723,  are  ail  that  Dr.  Simson 
published  on  tlic  subject  of  poiiams  during  his  life,  though 
be  continued  his  investigations  concerning  them,  and  suc- 
ceeded in  restoring  a  great  number  of  Euclid's  proposi- 
tions, together  with  their  analysis.  The  propositions 
thus  restored  form  a  part  of  that  valuable  edition  of  the 
posthumous  works  of  this  georaetei  which  the  mathema- 
tical world  owes  to  the  munificence  of  tbc  late  earl 
Stanhope. 

"  The  subject  of  porisms  is  not  however  exhausted, 
nor  is  it  yet  placed  in  so  clear  a  light  as  to  need  no  fur- 
ther illustration.  It  yet  remains  lo  enquire  into  the  pro- 
bable origin  of  these  propositions,  that  is  lo  say,  into  the 
■teps  by  which  the  ancient  geometers  appear  to  have  been 
led  to  the  discovery  of  them. 

"  It  remains  also  to  point  out  the  relations  in  which 
they  stud  to  the  other  classes  of  geometrical  truths ;  to 
consider  the  species  of  analysis,  whether  geometrical  or 
algebraical,  thai  belongs  to  them:  and,  if  possible,  to 
assign  the  reason  why  they  b»ve  so  long  escaped  the  no- 
tice of  modern  niathematicans.  It  is  to  these  points  that 
e  chiefly  directed. 


better  calculated  to  avoid  error,  than  to  lay  hold  of  every 
truth  that  was  connected  with  the  main  object  of  enquiry, 
these  geometers  soon  observed,  that  there  were  many  pro- 
blems which,  in  certain  circumstances,  would  admit  of 
no  solution  whatever,  and  thai  the  general  cunstiuctioii  by 
which  they  were  resolved  would  fail,  in  consequence  of  a 
particular  relation  being  supposed  among  the  quantities 
which  were  given. 

"  Such  problems  were  then  said  to  become  impossible ; 
anil  it  was  readily  perceived,  that  this  always  happened, 
when  one  of  the  conditions  prescribed  was  inconsistent 
with  the  rest,  so  that  the  supposition  of  tbeir  being  united 
in  the  same  subject,  involved  a  contradiction.  Thus,  wheti 
it  was  required  to  divide  a  given  line,  ao  that  the  rectangle 
under  its  segments  should  be  equal  to  a  given  space,  it  was 
evident,  thut  if  this  space  was  grcaior  than  the  square  of 
hairthe  given  line,  the  thing  required  could  not  possibly 
be  done;  the  two  conditions,  the  one  dcfiningthe  magni- 
tude of  the  line,  and  the  other  that  of  the  rectangle  under 
its  segments,  being  tht-.i  inconsistent  with  one  another. 
Hence  an  in&nity  of  beautiful  propositions  concerning  the 
maxima  and  the  minima  of  quantities,  or  the  limits  of  the 
possible  relations  which  quantities  may  stand  in  to  one 
another. 

"  Such  cas<:s  as  these  would  occur  even  in  the  solution 
of  the  simplest  problems ;  but  when  geometers  proceeded 
to  the  analysis  of  such  as  were  mote  complicated,  tney 
must  have  remaiked,  that  their  constructions  would  some- 
times fail,  for  a  reason  directly  contrary  to  that  which  hai 
t)ow  been  assigned.  Instances  would  be  found  where  the 
lines  that,  by  their  intersection,  were  to  determine  the 
thing  sought,  instead  of  intersecting  one  another,  as  Ihey 
did  in  general,  or  of  not  meeting  at  all,  as  in  tbc  above- 
mentioned  case  of  impossibility,  would  coiucido  with  one 
another  entirely,  and  leave  the  question  of  consequence 
unresolved.      But  though  this  circumstance  must  have 


the  following  observations  a-- -        ^  ,-,,,,_ 

"  I  begin  with  describing  the  steps  that  appear  to  nave  created  considerable  embarrassment  to  the  geometers  wuu 

led  the  ancient  geometers  to  the  discovery  of  porisms ;  first  observed  it,  as  being  perhaps  the  only  instance  in 

and   must  here  supply   the   want   of  express  testimony  which  tlie  language  of  their  own  science  had  yet  appeared 

.  by  probable  reasonings,  such  as  are  necessary,  whenever  to  them  ambiguous  or  obscure,  it  wo\ild  not  probably  be 

we  would  trace  remote  discoveries  to  their  sources,  and  long  till  they  found  out  the  true  interpretation  to  be  put 

which  bavo  more  weight  in  mathematics  than  in  any  other  on  it.    After  a  little  reflection,  they  would  conclude,  that 

since,  in  the  general  problem,  the  magnitude  required  wa« 


of  the  sciences. 

"  It  cannot  be  doubled,  that  it  has  been  the  solution 
,  which,  in  all  states  of  the  mathematical 
3  led  to  the  discovery  of  roost  geometrical 
truihs.  The  first  mathematical  enquiries,  in  particular, 
roust  have  occurred  in  the  form  of  questions,  where  some- 
thing was  given,  and  something  required  to  be  done  ;  and 
by  the  reasonings  necessary  to  answer  these  questions,  or 
lo  discover  the  relation  between  the  things  that  were  given 
and  those  tliat  were  to  be  found,  many  truths  were  sug- 
gested, which  came  afterwards  to  be  the  subjects  of  sepa- 
rate demonstration.  The  number  of  these  was  the  greater, 
as  the  ancient  geometers  always  undertook  the  solution 
of  problems  with  a  scrupulous  and  minute  attention,  which 


would  scarcely  suffer  any  of  tbc  collateral  truths  to  escape     necessarily  including  it ;  so  that  they  both  together  mada 

their  observation.     We  know  from  the  examples  which     -'■"••'- 1 .i:.i „„,!„...„„,. .«„; .u...,..^. 

they  have  left  us,  that  they  never  considered  a  problem  as 
resolved,  till  they  had  distisguished  ail  its  varieties,  and 
evolved  separately  every  different  case  that  could  occur, 
carefully  remarking  whatever  change  might  arise  in  the 
construction,  from  any  change  thai  was  supposed  to  lake 
place  among  the  magnitudes  which  were  given, 


determined  by  the  intersection  of  the  two  lines  above  rt 
tioned,  that  is  to  say,  by  the  points  common  to  them  both  ; 
to,'  in  ihe  case  of  their  coincidence,  as  all  their  points  were 
in  common,  every  one  of  these  points  must  aSord  a  solu- 
tion ;  which  solutions  therefore  must  be  infinite  in  num- 
ber ;  and  also,  though  infinite  in  number,  they  niu^t  all 
be  related  to  one  another,  and  to  ibe  things  given,  by  cer- 
tain laws,  which  the  position  of  Ihe  two  coinciding  lines 
must  necessarily  determine. 

"  On  enquiring  farther  into  the  peculiarity  in  the  stale 
of  the  data  which  had  produced  this  unexpected  result,  it 
might  likewise  be  remarked,  thai  the  whole  proceeded  from 
of  the  conditions  of  the  problem  involving  another 


fact  but  one,  anddid  not  leave  asufficient  number  of  inde- 
pendent conditions,  to  confine  the  problem  to  a  single  solu- 
tion, or  to  any  determinate  number  of  solutions.  It  was 
not  difficult  afterwards  to  perceive,  that  these  cases  of 
problems  formed  very  curious  propositions,  of  an  inter- 
mediate nature  between  problems  and  theorems,  and  that 
they  admitted  of  being  enunciated  separately,  in  a  manner 


'  Now  as  this  cautious  method  of  proceeding  was  not     peculiarly  elegant  and  concise. 


1  to  such 


propo- 


y  Google 


FOR  L 

Rlions,  10  enunciated,  that  the  ancient  geometcn  gave  the 
Itftme  of  porisms, 

"  This  dcHucrion  require)  to  be  illustrated  by  exam- 
ples." M^  PUyfuir  then  givn  seTtrral  problems  by  way  of 
illustration;  one  of  which,  which  may  here  suffice  to  show 
the  method,  is  as  fullovrs  : 

"  A  triangle  abc  being 
given,  and  also  a  point  d; 
to  drai*  through  d  a  straight 
line  DG,  such,  that,  perpcn- 
diculais  being  drawn  to  it 
from  the  three  angles  of  the 
triangle,  viz,  ae,  sn,  cf,  the 
sum  of  the  two  perpendictH 
lars  on  the  same  side  of  do, 
shall  be  equal  to  the  remaining  perpendicular :  or,  that 
AE  and  BG  together,  may  be  equal  to  cf. 

**  Suppose  it  done :  Bisect  ab  in  h,  join  ch,  and  draw 
BK  perpend i en lar'  to  do. — Because' a  B  is  bisected  in  h, 
the  two  perpendiculan  ae  and  bo  are  together  double  of 
he;  and  as  they  are  also  equal  to  cf  by  hypothesis,  cf 
must  be  double  of  hk;  and  ct  of  j.h.  Now,  ch  is  given 
in  potilion,  and  magnitude ;  therefore  the  point  l  is  given ; 
ami  the  point  d  being  also  given,  the  line  dl  is  given  in 
position,  which  was  to  be  found. 

"  The  construction  was  obvious.  Bisect  ab  in  h,  join 
cn,  and  take  iii.  equal  to  one  third  of  cu  ;  the  straight 
line  which  joins  the  points  d  and  l  is  the  tine  required. 

"  Now,  it  is  plain,  that  while  the  triangle  abc  remains 
the  same,  the  point  l  also  remains  the  same,  wherever  the 
point  D  may  be.  The  point  d  may  therefore  coincide 
with  L ;  and  when  this  happens,  the  position  of  the  line 
to  be  drawn  is  left  undetermined  ;  that  is  to  say,  any  line 
whatever  drawn  through  I  will  satisfy  the  conditions  of 
the  problem.  Here  therefore  we  have  another  indefinite 
case  of  a  problem,  and  of  consequence  another  porism, 
which  may  be  thus  enunciated :  "  A  triangle  being  given 
in  position,  a.  point  in  it  may  be  found,  such,  that  any 
straight  line  whatever  being  drawn  through  that  point,  the 
perpendiculars  drawn  to  this  straight  line  from  the  two 
angles  of  the  triangle  which  are  on  one  side  (if  it,  will  be 
together  equal  to  the  perpendicular  that  is  drawn  to  the 
same  line  from  the  angle  on  the  other  side  of  it. 

"  This  porism  may  be  made  much  more  general ;  for 
if,  instead  of  the  nngles  of  a  triangle,  we  suppose  ever  so 
many  points  to  be  given  in  a  plane,  a  point  may  be  found 
■uch,  that  any  straight  line  being  drawn  through  it,  the 
sum  of  all  the  perpendiculars  that  fall  on  that  line  from 
the  ^ven  points  on  one  side  of  it,  is  equal  to  the  sum  of 
tbeperpendiculars  that  fallonit  from  all  the  points  on  the 
other  side  of  it. 

"  Or  still  more  generally,  any  number  of  points  being 
given  not  in  the  same  plane,  a  point  may  be  found,  through 
which  if  any  plane  be  supposed  to  pass,  the  sum  of  all  the 
perpendiculars  which  fall  on  that  plane  from  the  points 
on  one  side  Of  it,  is  equal  to  the  sum  of  all  the  perpen- 
diculars that  fall  on  the  same  plane  from  the  points  on 
the  other  side  of  it.  It  is  unnecessary  to  observe,  that 
the  point  to  be  found  in  these  propositions,  is  no  other 
than  the  centre  of  gravity  of  the  given  points  ;  and  that 
therefore  we  have  here  an  example  of  a  porism  very  well 
known  to  the  modern  geometers,  though  not  distinguished 
by  them  from  other  theorems.^ 

After  some  examples  of  other  porisms,  and  ronarkl 
upon  them,  the  author  then  adds,   . 
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"  From  this  account  of  the  origin  of  poristnt,  it  fol- 
lows, that  a  porism  may  be  defined,  A  prcjxmlion  offirM- 
ing  the  potiibUin/  qf folding  ateh  ccmditioni  ai  will  render  a 
ctrtain  problem  iadelerminatc,  or  capable  qf  iamimendiie 
lobuioM. 

"  To  this  definition,  the  different  chara.ctcn  which 
Pappus  has  given  will  apply  without  difficulty.  The 
propositions  described  in  it,  like  those  which  he  men- 
tions, are,  strictly  speaking,  neither  theorems  nor  pro-, 
blems,  but  of  an  intermediate  nature  between  both ;  for 
they  neither  simply  enunciate  a  truth  to  be  demonstrated, 
nor  propose  a  question  to  be  solved,  but  are  affirmations 
of  a  truth,  in  which  the  determination  of  an  unknown 
quantity  is  involved.  In  as  far  therefore  a«  they  assert, 
that  a  certain  problem  may  become  indeterminate,  they 
are  of  the  nature  of  theorems  ;  and  in  as  far  as  they  seek 
to  discover  the  conditions  by  which  that  is  brought  about, 
they  are  of  the  nature  of  problems. 

"  In  the  preceding  dcdnitiou  also,  and  the  instances 
from  which  it  is  deduced,  we  may  trace  that  imperfect  de-  - 
scription  of  porisms  which  Pappus  ascribes  to  the  later 
geometers,  viz,  '  Porisma  est  quod  deficit  hypoihesi  a 
theorcmate  locali.'  Now,  to  understand  this,  it  must  be 
observed,  that  if  we  take  the  converse  of  one  of  the  pro- 
positions called  Loci,  and  make  the  construction  of  the 
figure  a  part  of  the  hypothesis,  we  have  what  was  called 
by'the  ancients  a  Local  Theorem.  And  again,  if,  in  enun- 
ciating this  theorem,  that  part  of  the  hypothesis  which 
contains  the  construction  be  suppressed,  the  proposition 
arising  from  (hence  will  be  a  porism  ;  for  it  will  enuifciate 
a  truth,  and  will  also  require,  to  the  full  understanding 
and  investigation  of  that  truth,  that  something  should  be 
found,  viz,  the  circumstance  in  the  construction,  sup- 
posed to  be  omitted. 

"  Thus  when  we  say ;  If 
from  two  given  points  e  and 
x>,  two  lines  kf  and  fd  are  in- 
flected to  a  third  point  f,  so 
as  to  be  to  one  another  in  a 
given  ratio,  the  point  f  is  in 
the  circumference  of  a  circle 
given  in  position :  we  have  a 
Locus. 

"  But  when  conversely  it  is  sud  ;  If  a  circle  abc,  of 
which  the  centre  is  o,  be  given  in  position,  as  also  a  point 
K,  and  if  D  be  taken  in  the  line  bo,  so  that  the  rectangle 
£0,  oo  be  equal  to  the  square  of  a6,  the  semidiameter  of 
the  circle;  and  if  from  a  and  D,  the  lines  ef  and  AT  be 
inflected  to  any  point  whatever  in  the  circumference  abc  ; 
the  ratio  of  ef  10  dt  will  be  a  given  ratio,  and  the  same 
with  that  of  EA  to  ad  :  we  have  a  local  theorem. 

"  And,  lastly,  when  it  is  said;  If  a  circle  abc  begjven 
in  position,  and  also  a  point  b,  a  point  d  may  be  found, 
such,  that  if  the  two  lineaEP  and  fd  be  inflected  from  a 
and  D,  to  any  point  whatever  f,  in  the  circumference) 
these  lines  shall  have  a  given  ratio  to  one  another :  the 
proposition  becomes  a'  ponsm. 

"  Here  it  is  evident,  that  the  local  theorem  is  changed 
into  a  porism,  by  leaving  out  what  relates  to  the  determi- 
nation of  the  point  d,  and  of  the  given  ratio.  But  though 
all  propositions  formed  in  this  way,  from  the  conversion 
of  Loci,  be  purisms,  yet  all  porisms  are  not  formed  front 
the  conversion  of  Loci.  The  first  and  second  of  the  pre- 
ceding, for  instance,  cannot  by  conversion  be  changed 
into  Loci ;  and  therefore  the  definition  which  describes  all 
S  F 


DgtzecoyVjOO^Le 
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porUmt  u  beiiig  so  convertible,  is  not  sofficienlly  co^-     tur.' 


POR 


talhia  Mise  Euclid  uses  (he  word  in  his  Elements 

prehensive.    Fermafs  idea  of  porisms,  as  has  been  already     of  Geometry,  where  he  calls  the  corollaries  of  his  propo- 
observcd,  was  founded  wholly  on  this  definition,  and  there-     sition,  porismata.     This  cireumstance  creates  a  presunp-  - 
fore  could  not  fail  to  be  imperfect.  tion,  that  whun  the  word  was  applied  to  a  particular  class 

"  It  appears  therefore,  that  the  definition  of  porisnu  of  propositions,  it  was  meant,  in  both  cases,  to  convey 
^ven  abo»e,  agrees  with  Pappus's  idea  of  these  proposi-  nearly  the  same  idea;  as  it  is  not  at  all  probable,  that  so 
tions,  as  far  at  least  as  can  be  collected  from  the  imperfect  correct  a  writer  as  Euclid,  and  so  ^crapulous  in  his  use  of 
fragmenu  which  contain  bis  general  description  of  them,  words,  should  employ  the  same  Unn  to  express  two  ideas 
It'agrees  also  with  Dr.  Simson's  definition,  which  isihb:     which  are  perfectly  diSL-rent.     May  we  not  therefore  con- 

jecture,  that  these  propositions  got  the  name  of  porism^ 
entirely  with  areference  to  their  origin?  According  to  the 
id™  explained  above,  they  would  in  general  uceur  to  ma- 
thcmaliciaiis  when  engaged  in  the  solution  of  the  mora 
difficult  problems,  and  would  arisa  fro«  those  particular 
CHses,  where  one  of  the  conditions  of  the  data  involved  in 
it  some  one  of  the  rest.  Thus  a  particular  kind  of  theo- 
rem would  be  obtalnid,  following  as  a  corollary  from  the 
solution  of  the  problem  :  and  to  this  theorem  the  term 
qua  riopif^migh  t  be  very  properly  applied,  since,  in  the  words 
.     .  .  .  ^f*     of  Scapula,  already  quoted, 'Non  ex  professotheortmatis 

esse,'  and  also  a  theoretical  part,  which  contains  the  pro-     hujus  inslituiasit  demonstratio.sed  taaienex  demonstratis 
pcrty,  or  communis  afiectio,  allirmed  of  certain  tbin^     iccte  setjuatur.' 


'  Porisma  est  propositio  in  qua  pruponilur  di 
rem  aliquam,  vel  plures  datas  essb,  cui,  vel  quibus,  ut 
et  cuilibet  ex  rebus  innumeris,  nonquidem  datis,  scdqux 
ad  ea  qus  data  sunt  eandem  hatient  relationem,  convenire 
ostendendum  est  afieciionem  quandam  communem  iu  pro- 
positione  deacriptam.' 

"  It  cannut  be  denied,  that  there  is  a  considerable 
degree  of  obscurity  in  this  definition;  notwithstanding 
,which  it  is  certain,  that  every  propositioji  to  which  it 
applies  must  contain  a  problematical  part,  vis 
proponitur  demonstrare  rem  aliquam,  vel  pit 


which  have  been  previously  described. 

"  It  is  also  evident,  that  the  hubject  of  every  such  pro- 
position, is  the  relation  between  magnitudes  of  three  dif- 
ferent kinds;  determinate  magnitudes  which  are  given  ; 
determinate  magnitudes  which  are  to  be  found  ;  and  inde- 
terminate magnitudes  which,  though  unlimited  in  number, 
are  connected  with  the  others  by  some  commou  property. 
Now,  these  are  exactly  ^hc  conditions  contained  in  the  de- 
finitions that  have  beengiv 


"  2do.  But  though  (his  interpretalioa  agrees  so  well 
with  the  supposed  origin  of  porisms,  it  is  not  free  from 
difficulty.  The  verb  wofdjiu  has  another  sigoifi cation,  to 
find  out,  to  ditcoea-,  to  deeise  j  and  is  used  in  this  sense  by 
Pappus,  when  he  says  that  the  propositions  called  porisms, 
afford  great  delight,  roi;  Juvafisioif  Ofav  not  wpilliiy,  to 
thote  who  are  abtc  to  vndeTStand  and  iraesUgiUe.  Hence 
comes  x-ofio-ftof,  the  act  qf  finding  out  or  dixovering,  and 
'        x-ofHTfisf,  in  thiasensc,  the  same  author  dvidcntly  con- 


"  To  confirm  the  truth  of  this  theory  of  the  origin  of  siders  Ilof  ifffi-a  us  being  derived.     His  words  are,  ^ipairasr 

porisms,  or  at  least  the  justness  of  the  notions  founded  on  it  [ii  a^yQaici)    Hofia'pi « irsi  ra  Kioriiyt[/,c*ty  ai  II»bi^u^^ 

it,  I  must  add  a  quotation  from  an  essay  on  the  same  sub-  avrara  v^artiyatLsvByThe ancitntt Maid,  that  a  Porim  it  tome- 

ject,  by  a  member  of  this  society,  the  extent  and  correct-  thing  proposed  for  tlie  6nding  out,  or  discovering  o/(Ae  wry 

Bess  of  whose  views  make  every  coincidence  with  hisopi-  thing  propoiea.     It  seems  singular,  however,  that  porism» 

nions  peculiarly  flattering.     In  a  paper  read  several  yean  should  have  taken  their  name  from  a  circumstance  coo^ 

ago  before  the  Philosophical  Society,  Professor  Dugald  mon  to  them  with  so  many  other  geometrical  truths;  and 

Stewart  defined  a  porism  to  be  'A  proposition  affirming  if  this  was  really  the  case,  it  must  have  been  on  account 

the  possibility  of  finding  one  or  more  of  the  conditions  of  of  the  enigmatical  form  of  their  enunciations,  which  re- 

aa   iodeterrainate   theorem.'      Where,  by  an  indeiermi-  quin-d,  that  in  the  analysis  of  these  propositions,  a  sort  of 


s  he  bad  previously  explained  it, 
one  which  expresses  a  relation  between  certain  quantities 
that  are  indeterminate,  both  in  tnagnitudc  and  in  number. 
The  near  agreement  of  this  with  the  definition  and  expla- 
nations which  have  been  given  above,  is  too  obviuus  to 
require  to  be  pointed  out ;  and  1  have  only  to  observe,  that 
it  was  not  long  after  the  publication  of  Simson's  posthu- 
mous works,  when,  being  both  of  us  occupied  in  spcculi 
tions  concerning  porisms, 
conclusions  which  I  have  now  stated, 

"  In  an  enquiry  into  the  origin  of  porisras,  the  etymo- 
logy of  the  term  ought  nut  to  be  forgotten.  The  question 
indeed  b  not  about  the  derivatioa  of  the  word  UopifffiM, 
for  concerning  that  there  is  no  doubt;  but  about  the  rea- 
son why  this  term  was  applied  to  the  class  of  propositions 
above  described.  Two- opinions  may  be  formed  on  this 
subject,  and  each  of  them  with  considerable  probability  ; 
Imo,  One  of  the  significations  of  apti/a,  a  to  acipure  «j 
:  and  hence  Ilopia-iMC,' the  fAiitfoifatneti 


double  discovery  should  be  made,  not  only  of  the  tnith, 
but  also  of  the  meaning  of  the  very  thing  which  was  pro- 
posed. They  may  therefore  have  been  called  porismata, 
or  investigations,  by  way  of  L-minence. 

"  We  might  next  proceed  to  consider  the  particular 
porisms  which  Dr.  Simson  has  restored,  and  to  show,  that 
every  one  of  them  is  the  indeterminate  case  of  some  pro- 
blem. Dut  of  this  it  is  so  easy  for  any  one,  who  has  at 
led  separately  to  the  '  tended  to  the  preceding  remarks,  to  satisfy  himself,  by  . 
barely  examining  the  enunciations  of  those  propositiona, 
that  the  detuil,  unto  which  it  would  lead,  seems  to  be  un- 
necessary. I  shall  therefore  go  on  to  make  some  observa- 
tions on  that  kind  of  analysis  which  b  particularly  adapted 
to  the  investigation  of  porisms. 

"  If  the  idea  which  we  have  given  of  these  propositions 
be  just,  it  follows,  that  they  are  always  to  be  discovered  by 
considering  the  cases  in  which  the  construction  of  a  pro- 
blem fails  in  consequence  of  the  lines  which,  by  their  in- 
tersection, or  the  points  which,  by  their  position,  i 


"  Accordingly,  Scapula  gays, '  Est  vox  a  geometris  de-  determine  the  magnitude  required,  happening  to  coincide 
mmptaqui  thoorema  aliquid  ex  demonstrative  syllogbmo  with  one  another — a  porism  may  therefore  be  deduced 
necessario  sequena  infertntes,  illud  quasi  lucrari  dicuntur,     from  the  problem  it  beloi^  to,  in  the  same  manner  thet 


quod  non  ex  professo  quidem  theoreraatis  hujus  instituta     the  propositions  concerning  the  maxima  and  i 

sit  dcmoiutnttio,  fed  twoen  ex  demo&stratis  recta  sequit-    quaotitiea  arc  deduced  from  the  problems  of  nhi^  ibej 


y  Google 
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form  tlie  lirnitations ;  and  such  no  doubt  is  the  most  na-  blem  has  no  imponible  case  belonging  lo  it.     Tliere  ar«, 

tural  Bad  mojt  ubvious  analysis  of  which  this  class  of  bowever,  comparatively  but  fen  porisms  so  simple  in  their 

propositions  will  admit.  ,  origin  as  this,  or  that  arise  from  problems  in  which  the 

"  It  is  not,  however,  the  only  one  that  they  will  admit  conditions  are  so  little  complicated  ;  for  it  usually  hap- 

of ;  and  there  are  good  reasons  for  wishing  to  be  pFO?i<Ied  '  pens,  that  a  problem  which  can  become  indefinite,  may 

with  another,  by  meansof  which,  a  poriam  that  is  any  how  also  become  impossible;  and  if  so,  the  connection  between 

■utpected  to  exist,  may  be  found  out,  independently  of  these  cases,  which  has  been  already  explained,  never  &ili 

the  general  solution  of  the  problem  to  which  it  belongs,  to  take  placa. 

Of  these  reasons,  one  is,  that  the  porism  may  pierhaps  ad-         "  Another  species  of  impossibility  may  frequently  arise 

mit  of  being  investigated  more  easily  than  the  general  pro-  from  the  porismatic  case  of  a  problem,  which  will  very 

blem  admits  of  being  resolved  ;  and  another  is,  that  the  much  affect  the  ^plication  of  geometry  to  astronomy,  6t 

former,  inalroost  every  case,  helps  to  discover  thesimplest  any  of  the  sciences  of  experiment  or  observation.     For 

'  and  moat  elegant  solution  that  cat^  be  given  of  the  latter.  when  a  problem  is  to  be  resolved  by  help  of  data  furnished 

"  It  is  desirable  to  have  a  method  of.  investigating  po-  by  experiment  or  obserration,  the  first  thing  to  be  consi- 
riaras,  which  does  not, require  that  we  should  previously  dered  is,  whether  the  datasoobtained,besullicientfor  de- 
resolve  the  problems  they  are  connected  with,  and  which  termining  the  thing  sought ;  and  in  this  a  very  erroneous 
mayalwaysscrvetodctermine,whethertoanygiven  problem  judgment  may  be  formed,  if  we  rest  satisfied  with  a  ge^ 
there  be  attached  a  porism,  or  not.  Dr.  Si  mson's  Analysis  ueral  view  of  the  subject.  For  though  the  problem  may 
may  be  considered  as  answering  to  this  description  ;  for  as  in  general  be  resolved  from  the  data  that  we  are  provided 
that  geometer  did  not  regard  these  propositions  at  alt  in  with,  yet  these  data  may  be  so  related  to  one  another  in 
the  light  thatis  done  here,  nor  in  relation  to  their  origin,  the  case  before  us,  that  the  problem  will  become  indeter- 
an  independent  analysis  of  this  kind  was  the  only  one  that  minate,  and  instead  of  one  solution,  will  admit  of  an  infi- 
could  occur  to   him;  and  he  has  accordingly  given  one  nite  number. 

which  is  extremely  ingenious,  and  by  no  means  easy  to  be         "  Suppose,  fur  instance,  that  it  were  required  to  deter- 

invented,  but  which  he  uses  with  great  skilfulness  and  mine  the  position  of  a  point  s.  from  knowing  that  it  was 

dexterity  throughout  the  whole  of  bis  Restoration.  situated  in  the  circumference  of  a  given  circle  abp,  and 

"  It  is  not  easy  to  asceriain  whether  this  be  the  precise  also  from  knowing  the  ratio  xif  its  distances  from  two  ^veu 

method  used  by  the  ancients.     Dr.  Simson  had  here  no-  points  e  and  n;  it  is  certain  that  in  general  these  data 

thing  to  direct  him  but  bis  genius,  and  has  the  full  merit  would   be  sufficient  for  determining  the  situation  of  r. 

of  the  first  inventor.     It  seems  probable,  however,  that  But  nevertheless,  if  x  and  o  should  be  so  situated,  that 

there  is  at  least  a  great  affinity  between  the  methods,  since  they  were  in  the  same  atraight  line  with  the  centre  of  the 

the  lemmata  given  by  Pappus  as  necessary  to  Euclid's  de-  given  circle  ;  and  if  the  rectangle  under  their  distances 

monstralions,  are  subservient  also  to  thoso  of  our  modem  from  that  centre,  were  also  equal  to  the  square  of  the  ra- 

geomcter.  dius  of  the  circle,  then,  the  pofition  of  f  could  not  be 

"  It  is,  as  we  have  seen,  a  general  principle,  that  a-pro-  determined, 
blem  is  converted  into  a  porism,  when  one,  or  when  two,  "  This  particular  instance  inay  not  indeed  qf  cur  in  any 

of  the  conditions  of  it,  necessarily  involve  in  them  some  of  the  practical  applications  of  geometry ;  but  there  is 

one  of  the  rest.     Suppose  then  that  two  of  the  conditions  dne  of  the  siune  kind  which  has  actually  occurred  in 

are  exactly  in  that  state  which  determines  the  third  ;  then,  astronomy.   And  as  the  history  of  it  ii  not  a  little  singu- 

while  they  remain  fixed  or  given,  should  that  third  one  be  lar,  affording  besides  an  excellent  illustration  of  the  nature 

supposed  to  vary,  or  diSer,  ever  so  little,  from  the  state  of  porisms,!  hope  to  be  excused  for  entering  iiito  the  fol- 

rcquired  by  the  other  two,  a  contradiction  will  ensue,  lowing  detail  concvrning  it. 

Therefore  if,  in  the  hypothesis  of  a  problem,  the  conditions         "  Sir  Isaac  Newton  having  demonstrated,  that  the  tra- 

be  so  related  to  one  another,  as  to  render  it  indeterminate,  jectoty  of  a  comet  is  a  parabola,  reduced  the  actual  deter- 

a  porism  Is  produced  ;  but  if,  of  the  conditions  thus  re-  mination  of  the  orbit  of  any  particular  comet  to  the  solu- 

lated  to  one  another,  some  one  be  supposed  to  vary,  while  tion  of  a  geometrical  problem,  depending  on  the  properties 

the  others  continue  the  same,  an  absunlity  follows,  and  the  of  the  parabola,  but  of  such  considerable  difficulty,  that' 

problem  becomes  impossible.    Wherever  therefore  any  pro-  it  is  necessary  to  lake  the  assistance  of  a  more  elementary 

blem  admits  both  of  an  indeterminate,  and  an  impossible-  problem,  in  order  to  find,  at  least  nearly,  the  distance  of 

•  case,  it  is  certain,  that  tbepe  cases  are  nearly  related  to  one  the  comet  from  the  earth,  at  the  times  when  it  was  ob- 

another,  and  that  some  of  the  conditions  by  which  they  served.     The  expedient  for  this  purpose,  suggested  by 

arc  praduced,  are  common  to  both.  Newton  himself,  was  toconsiderasmallpart  of  tbecomert 

"  It  is  supposed  above,  that  two  of  the  conditions  of  a  path  as  rectilineal,  and  described  with  an  uniform  motion, 

problem  involve  in  them  a  third ;  and  wherever  that  hap-  lo  that  four  obiervatioqs  of  the  comet  being  made  at  mo* 

pens,  tbe  conclusion  which  has  been  deduced  will  invaria-  derate  intervab  of  time  from  one  another,  four  straight 

bly  take  place.  •  lines  would  be  determined,  vis,  the  four  lines  joining  the 

"  But  a  porism  may  sometimes  be  so  simple,  as  to  arise  places  of  the  earth  and  the  comet,  at  the  times  of  obser- 

from  the  mero  coincidence  of  one  condition  of  a  problem  vation,  across  which  if  a  atraight  line  were  drawn,  so  aa 

with  another,  though  in  no  case  whatever,  aoy  inconsist-  to  be  cut  by  diem  in  three  parts,  in  the  same  ratios  with 

ency  can  take  place  between  them.     Thus,  in  tbe  second  the  intervals  of  time  above-mentioned  ;  the  line  so  drawn 

of  the  foregoing  propoaitions,  the  coincidence  of  tbe  point  would  nearly  represent  the  comet's  path,  and  by  its  inter- 

^ven  in  the  problem  with  another  point,  vii,  the  centre  of  section  with  the  gives  lines,  woufd  determine,  at  least 

gravity  of  the  given  triangle,  renders  the  problem  indeter-  nearly,  the  distances  of  the  comet  from  the  earth  at-tha 

minate ;  but  as  there  is  no  relation  of  distance,  or  poti-  time  of  observation, 

tion,  between  these  points,  that  ma;  not  exist,  so  the  pro-        "  The  geometric^  problem  he^  employed,  of  dnwing 
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a  Une  to  be  divided  by  four  other  linei  given  in  poudon, 
into  parts  haviDg  given  ratios  to  one  another,  bad  been 
already  TPMlved  by  Dr.Wallis  and  SirCbristopher  Wren, 
and  to  their  solutions  Sir  Isaac  Newton  added  three  others 
of  his  own,  in  different  parts  of  his  works.  Yet  none  of 
ail  these  geometers  observed  tbat  peculiarity  in  the  pro- 
blem which  rendered  it  inapplicable  to  astronomy.     "" 


"  In  the  solutioQ  of  such  problems)  the  geometera  of 
antiquity  proceeded  with  the  utmost  caution,  and  were 
careful  to  remark  every  particular  case,  that  is  to  say, 
every  change  in  the  construction,  which  any  change  in 
the  state  of  the  data  could  produce.  The  ditTerent  con- 
ditions from  which  the  solutions  were  derived,  were  sup- 
posed to  vary  one  by  ont,  while  the  others  remained  the 


was  first  done  by  M.  Boscovich,  but  not  till  after  many     same ;  and  all,  their  possible  combinations  being  ih] 

trials,  when,  on  its  application  to  the  motion  of  comets,     ""  '  "  '       '  '     " 

it  bad  never  led  to  any  satisfactory  result.     The  errors  it 

produced  in  some  instances  were  so  Considerable,  tbat  Za- 

notti,  seeking  to  determine  by  it  the  orbit  of  the  comet  of 

1739,  found,  that  his  construction  threw  the  comet  on  the 

side  of  the  sun  opposite  to  that  on  which  he  had  actually 


endmeratcd,  a  separate  solution  was  given,  wherever  any 
considerable  change  was  observed  to  have  taken  place. 

"  This  was  so  much  the  case,  that  the  Sectio  Rationis, 
a  geometrical  problem  of  no  great  difficulty,  and  one  of 
which  the  solution  would  be  dispatched,  according  to  the 
methods  of  the  modern  geometry,  in  a  single  page,  was 


observed  it.  This  gave  occasion  to  Boscovich,  some  yean  made  by  Apollonius,  the  subject  of  a  treatise  consisting 
■'—  oftwo  books.  The  first  book  has  7  general  divisions,  and 
34  cases ;  the  second,  14  general  divisions,  and  73  cases, 
each  of  which  cases  is  separately  considered.  Nothing, 
it  is  evident,  that  was  any  way  connected  with  the  pro- 
blem, could  escape  a  geometer,  who  proceeded  with  such 
of  invesligaiipn. 

une  scrupulous  exactness  may  be  remarked  in 
searches  of  tbe  ancients ;  and 
the  geometers  of  those  ages, 
however  expert  ihey  were  in  the  use  of  their  analysis, 
had  not  sufficient  experience  in  its  powen,  to  trust  to  tha 
more  general  applications  of  it.  That  principle  which 
we  call  the  law  of  continuity,  and  which  connects  the 
whole  system  of  mathematical  truths  by  a  chain  of  insen- 
sible gradutions,  was  scarcely  known  to  them,  and  has 
been  unfolded  to  us,  only  by  a  more  extenstve  knowledge 
of  the  mathematical  sciences,  and  by  that  most  perfect 
mode  of  expressing  tlte  relations  of  quantity,  which  forms 
the  language  of  algebra  ;  and  it  is  this  principle  alone 
which  has  taught  us,  that  though  in  the  solution  of  a  pro- 
blem, it  may  be  impossible  to  conduct  the  investigatios 
without  assuming  the  data  in  a  particular  state,  yet  the 
result  may  be  perfectly  gencrnl, and  willaccoraraodate  itself 
to  every  case  with  such  wonderful  versatility,  as  is  scarcely 
credible  to  the  most  ^.xperienccd  mathematician,  and 
such  as  often  forces  him  to  stop,  in  the  midst  of  bis  cal- 
lus, and  look  back,  with  a  mixture  of  dil^ 


afterwards,  to  examine  the  different  cases  of  the  problem, 
and  to  remark  that,  in  one  of  them,  it  became  indetermi- 
nate, and  that,  by  a  ctirious  coincidence,  this  happened  in 
tbe  ontj  case  which  could  be  supposed  applicable  to  tbe 
astronomical  problem  above-mentioned  ;  in  other  words, 
he  found,  that  in  the  state  of  the  data,  which  must  there 
always  takt  place,  innumerable  lines  might  be  drawn,  that 
would  be  all  cut  in  the  some  ratio,  by  the  four  lines  given  all  the  other  matht,., 
in  position.  This  he  demonstrated  in  a  dissertation  pub-  the  reason  doubtless 
lished  at  Rome  in  17*9,  and  since  that  time  in  the  third 
volume  of  his  Opuscula.  A  demonstration  of  it,  by  the 
same  author,  is  also  inserted  at  the  end  of  Castillon's  Com- 
mentary on  the  AriiRmetica  Universalis,  where  it  is  de- 
duced from  a  construction  of  the  general  problem,  given 
by  Mr.  Thomas  Simpson,  at  the  end  of  his  Elements  of 
Geometry.  The  proposition,  in  Boscovich's  words,  is  this  : 
•  Problema  quo  quieritur  recta  line*  qua  q'uatuor  rectas 
positione  datas  itasecet,  uttria  ejus  segmentasintinvicem 
in  ralione  data,  evadit  aliquaiido  indeterminatum,  ita  ut 
per  quodvis  punctum  cujusvis  ex  iis  quatuor  rectis  duci 
possit  recta  linea,  qu»  ei  conditioni  facial  solis.' 

"  it  is  needless,  I  believe,  to  remarki  ihat  the  proposi- 
tion' thus  enunciated  is  a  porism,  and  that  it  was  disco- 
vered by  Boscovich,  in  the  same  way  iti  which  1  have  sup- 


posed porisms  to  have  been  first  discovered  by  the  gcomi 
ters  of  antiquity. 

«  A  question  nearly  cotinecfed  with  the  origin  of  po- 
lisms  still  remains  to  be  solved,'  n'mnKty,  from  what  cause 
bas  it  arisen  that  propositions  which  are  in  themselves  so 
important,  and  that  actually  occupied  so  considerable  a 
place  in  the  ancient  geometry,  have  been  so  little  remarked 
in  the  modem  f  It  cannot  indeed  be  said,  that  propositions 
of  this  kind  were  wholly  unknown  to  the  moderns  before 
the  restoration  of  what  Euclid  had    written  concrrning 


ro  position. 


which  SI 


admiration, 

sions.  All  thi 
fiire  they  had 
paraiety  to  e: 
tion  which  ha 
were   likely 

tigmio 


was  unkuc 


them  ;  for  besides  Boseovich's 

much  has  been  already  said,  the  theorem  which  asserts, 
that  in  every  system  of  points  there  is  a  centre  of  gravity, 
has  been  shown  above  to  be  a  porism  ;  and  we  shall  see 
hereafter,  that  many  of  the  theorems  in  the  higher  geome- 
try belong  to  the  same  class  of  propositions.  We  may 
add,  that  some  of  the  elementary  propositions  of  geometry 
'want  oijly  the  proper  form  of  enunciation  to  be  perfect  po- 
risms. it  is  not  therefore  strictly  true,  that  none  of  the  vich,  in  tbe  manner  related  above. 
propositions  called  porisms  have  been  known  to  the  mo-  blem  from  which  that  porism  is  derived, 
dems;  but  it  is  certain,  that  they  have  nut  met,  from  severalmathematicians  of  the  firsteminen 
them,  with  the  attention  they  met  with  from  the  ancients,  also  was  sir  Isaac  Newton,  yet  the  por 
and  tbat  they  have  not  been  distinguished  as  a  separate  happens,  is  the  most  important  rase  oi 
class  of  propositions..  Thecause  of  ibis  difference  is  un-  served  by  any  of  them.  This  is  the  m 
doubtedly  to  besought  for  itia  coiuparison  of  the  methods     as  Sir  Isaac  Newton  lakes  noiice  of  the 


harmony  of  his  conclu- 
to  the  ancients;  and  there- 
,t  to  apply-  their  analysis  se- 
;h  particular  case,  with  tbat  extreme  can- 
just  been  described;  and  in  doing  so,  they 
remark  many  peculiarities,  which  more 
views,  and  more  expeditious  methods  of  inves- 
I,  might  perhaps  have  induced  them  to  overlook. 
"  To  rest  satisfied,  indeed,  with  too  general  results, 
and  not  to  descend  sufficiently  >nlo  particular  details, 
may   be  considered  as  a  vice  that  naturally  arises  out  of 
the  excellence  of  the  modern  analysis.     The  effect  which 
this  has  bad,  in  concealing  from  us  the  class  of  proposi- 
tions we  are  now  considering,  cannot  be  better  illustrated 
by  the  example  of  the  porism  discovered  by  Bq^co- 


employed  for  tbe  solutioo  of  geometrical  problems  ii 
cientand  modern  timei« 
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,  in  which  the  problem  obviously  admits  of  innu- 
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merable  ■olotions,  vii,  when  the  lines  gWeii  in  position  uierul  and   ehar&cteristic  definition  of  &  ponsm   had 

are  either  all  parallel,  or  all  meeting  in  a  point,  and  these  reached  the  times  of  Pappus,    he  would  not  have  d&- 

two  hypotheses  he  Iherefore  expressly  excepts.     Yet  he  gtected  so.  valuable  a  remnant  of  ancient  mathematical 

did  not  remark,  that  there  are  other  circumstances  which  science,  in  a  work  obviously  designed   for  the  preserva- 

may  render  the  solution  of  the  problem  indeterminate  as  tion  of  the  more  curious  portions  of  it.     He  does  not 


1  these;  so  that  the  porisraatic  case  considered 
above,  escaped  his  observation:  and  if  it  escaped  the  ob- 
servation of  one  who  was  accustomed  to  penetrate  so  far 
into  matters  infinitely  more  Obscure,  it  was  because  he 
katisGed  himself  wiih  a  general  construction,  without  pur- 
suing  it  into  its  particular  cases.  Had  the  solution  been 
cbnducted  after  the  manner  of  Euclid  or  Apollonius,  the 
porism  in  question  must  infallibly  have  been  discovered." 

In  the  "Account  of  the  Life  and  Writings  ofRob,  Sim- 
aon,  M.  D."publiahedinl813,  hy  the  Rev.Dr.Wm.  Trail, 
we  find  many  learned  observations  on  the  subject  of  po-  problem 
risms.  After  a  particular  account  of  the  tnboun  of  nature;  and  that  it 
many  authors  on  this  subject,  from  Euclid  and  others 
among  the  ancients  clown  to  Pappus  and  Proclus,  and  the 
attempts  at'  restoration  by  many  of  the  moderns,  hut 
chiefly  by  Dr.  Simson,  Dr.  Trail  says, 

"  After  a  certain  progress  in  the  prosecution  of  this 
subject,  il  became  an  important  object  to  ascertain  a  just 
definition  of  the  porism.  The  definition  given  hy  the 
later  mathematicians,  as  stated  by  Pappus,  but  censured 
'  quod  deficit  hypothesi  a  thenremate  locali,' 
mplies  that  a  porism  had  an  immediate  reference 
to  a  locus;  though  it  is  not  less  clear  that  Pappus  con- 
sidered loci  as  only  one  class  of  porisms,  (a  large  one  no 
doubt,)  but  that  of  course  many  porisms  have  no  con- 
nexion whatever  with  loci. 

"  But  the  definition  which  Pappus  quotes  from  the 
antients  (viz,  that  it  is  soipething  proposed  to  be  investi- 
gated), as  more  characteristic  of  porisms,   is  too  general 


definition,  which  probahly  was  only  a  traditional 
and  pointed  observation  of  some  ancient  geometer,  and 
though  of  no  use  in  explaining  the  character  of  a  porism, 
yet  it  in  some  degree  fortified  his  objection  ta  the  defini- 
tion of  the  later  mathematicians,  who,  he  states,  from 
inability,  could  not  accomplish  the  investigation  of  po- 
rism?; but  satisfied  themselves  with  assuming  the  con- 
structions as  they  found  them  in  Euclid,  or  other  geo- 
meters, and  adding  the  demonstrations. 

observed  by  Pappus,  that  a  porisni  is  neither  a 
t  something  of  an  intermediato 
be  proposed  cither  as  a.  pro- 
blem or  as  a  theorem ;  some  geometers  couiendiog  for 
for  the  other.     Dr.  Simson  hiis  given 


by  him, 
clearly  ii 


a  form  to  the  enunciation  of  a  porism,  implying  this 
intermediate  character  between  a  problem  and  a  theorem. 
In  his  enunciation  it  is  afiirmcd  that  certain  things  may 
be  found,  which  shall  have  the  relations  or  properties 
therein  described.  Perhaps  thb  form  resembles  more 
that  of  a  theorem,  than  of  a  problem  ;  but  at  the  same 
the  ihmgs,  of  which  it  is  said  that  they  may  be 


found,  must  be  actually  investigated  by  analysi 
proposition  were  a  probtrm.     Were  it  simply  proposeu  to 
investigate  certain  things   whlth  would   have  the  proporo 
ties  expressed  in  the  porism,  it  may  be  regarded  as  a  pro- 
blem ;  but  if  these  things  are  found   by  a  construction- 
described  in  the  enunciation,  the  proposition  becomes  a 
theorem,  affirming  the  truth  of  the  properties  oi^seited  ; 
and  then  a  demonstration  only  is  required,  witbout^iiy 
iful  purpose;  and   though  it  does  correspond     investigation;  in  the  manner  which  appears  to  have  been 
to  the'nature  of  these  propositions,  yet  it  is  deficient  in     practised   by   the  later  mathematicians,  alluded  to  by 
discrimination,  and  of    itself   neither  conveys  any  pre-     Pappus. 

cise  notion  of  Euclid's  porisms,  nor  gives  assistance  to         "  I  cannot  omit  adverting  in  this  place  to  a  very  inge- 
tbe  investigation  of  any  individual  proposition.  nious  theory  of  porisms  proposed  by  Mr,  professor  Play- 

"  After  much  consideration  of  various  forms  of  a  deft-  fair  of  Edinburgh,  first  briefly  in  his  account  of  the  life 
nition  which  had  occurred  to  bim,  the  doctor  finally  of  Dr.  Stewart,  and  afterwards  morefully  explained  in  s 
settled  tbe  following :  '  A  porism  is  a  proposition  in  which  memoir  ou  that  subject  in  the  3d  volume  of  the  Tran&- 
is  proposed  to  demonstrate  that  some  one  or  more     actions  of  the  Royal  Society  of  Edinburgh.     The  result 


things  are  given,  to  which,  as  also  to  every  one  of  innu- 
merable other  things,  not  indeed  niven,  but  haviftg  the 
same  relation  to  those  that  are  given,  it  is  to  be  shown 
that  there  belongs  some  common  affection  described  in 
the  proposii' 


of  his 

blen 

'  a  porism  is  a  propositioi 

finding  such  conditions  as 

indeterminate,  or  capable 


I  the  case  of  a  pro* 
:  particularly 
affirming  the  possibility  of 
vill  render  a  certain  problem 
f  innumerable  solutions.'  But 


illustrates  the  propriety  and  accuracy  of  though  I  admire  the  ingenuity,  and  fully  admit  the  souud- 

-  this  definition  by  many  examples ;  and  shows  particularly  ness,  of  this  deSnition,  and  also  the  utility  of  the  pi^D- 

w^iercin  the  definition  blamed  by  Pappus  coincides  with  ciple  on  which  it  is  founded,  in  the  discovery  of  porisms, 

his,  and  wherein  it  is  deficient,  by,  excluding  many  genuine  1  must  acknowledge  my  doubt  of  that  particular  notion 

porisms.  The  definition  indeed,  with  much  address,  is  so  of  a  porism  having  ever  been  adopted,  or  even  proposed, 

framed  as  to  correspond  with  all  the  intimations  of  Pap-  among  tbe  ancient  geometricians.     The  circumstance  of 

pus  ivspccting  porisms,  and  also  with  the  character  of  the  its  being  so  satisfactory  as  a  definition,  is  to  me  a  proof 

individual  porisms  of  Euclid,  which  Dr.  Simson  had  dis-  that  it  was  never  generally  known  or  embraced  :  for  had 

covered;  and  therefore  mily  justly  be  considered  as  ex-  it  ever  been  approved  and  established,  it  seems  scarce 

pressivc  of  the  notions  on  this  subject  entertained  by  the  possible  that  it  should  afterwards  have  been  neglected  and 

ancicniB.     It  is  not  pretended  that  this  was  a  definition  lost.     That,  among  the  ancients,  [be  consideration  ofthe 

(if  the  ancients ;  ihr  probably   no  precise  'definition  4/as  relations  subsisting  among  the  data,  in  some  problems, 

given  by  them,  of  either  theorem,  problem  or  porism.  None  might  have  occasionally  suggested  the  particular  case  ill 

appears  in  the  works  of  the  more  early  geometers,  which  which  theseproblcms  would  become  indeterminate,  is  very 

are  still  preserved  in  a  considerable  degree  of  purity,  and  probable.     It  might  also  have  often  occurred  to  them,  that 

where  such  definitions  would  naturally  have  had  a  place,  this  indeterminate  coje  involved  an  important  general  pro- 

And  we  mny  affirm  with  mach  probability,  that  if  any  position, which  might  bescparately$taledassucb,atidpre- 
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icTVcd.    Many  porisms  of  Euclid  mByposiibljr  hare  been  PORTAL,  in  Arcbitoctare,  a.  term  used  for  a  liitle 

JDvenled  in  that  wayi  but  still  i  entertain  a  doubt,    if  square  corner  ofa  room,  cut  j)?  from  tlie  rector  the  rooni 

ever  the  ancients  were  in  possesion  of  this  notion  as  a  by  the  wainscot ;  fiequent  in  the  ancient  buildim^,  but 

principle,  and  as  the  proper  ground  of  the  definition  of  a  now  disused. 

porism.     Pappus  mentions  the  definition  of  the  ancients.  Postal  is  tometimesalsousedforalittlegate,  porlellai 

and  apparently  as  the  only  one  which  ^Iiey  were  known  where  there  are  two  gates,  a  large  and  a  small  one, 

to  possess,  though,  as  has  been  remarked,  it  be  of  no  Portai,  is  sometimes  also  used  for  a  kind  of  arch  of 

particular  use.    He  mentions  also  a  de^nitign  of  the  later  joiner's  work  before  a  door. 

mathematicians,  which  he  censures  as  erroneous :  but,  if  PORl'CULLICE,  called  also  Hene,  atid  Sofrann,  in 

such  a  complete  and  satisfactory  definition,  which  not  Fortification,  an  assemblugeofgeverallargepiecesof  wood 

only  accurately  distinguiabet  that  class  of  propositions,  laid  or  joined  across  one  another,  like  a  harrow,  and  each 

but  points  out  an  obvious  source  of  the  discovery  of  pointed  at  the  bottom  with  iron.    These  were  formerly 

them,  had  ever  been  geneially  understood  among  the  used  to  be  hung  over  the  gateways  of  fortiRed  places,  to  be 

oocicots,  it  is  difficult  to  suppose  that  it  could  ever  have  ready  to  let  down  in  cue  of  a  surprise,  when  the  enemy 

been  lost ;  and  had  it  reached  the  rime  of  Pappus,  it  is  should  come  so  quick,  as  not  to  allow  time  to  shut  the 

most  improbable  that  he  should  neglect  the  recording  of  gates.     But  the  orgues  are  now  more  generally  used,  being 

it  in  his  detailed  account  of  Euclid's  treatise  on  this  sub-  found  to  answer  the  purpose  better. 

ject     With  these  strong  internal  probabilities,  and  tlje  PORT-Fia?,  inGuaDery,apaper  tube, about  lOinches 

total  want  of  external  evidence,  I  must  (with  deference,  long,  filled  with  a,  composition  of  meal-ponder,  sulphur, 

however,  to  the  opinion  of  those  who  may  think  differ-  and  nitre,  rammed  moderately  hard ;  used  to  fire  guni 

ently)  adhere  to  the  judgment  which  I  have  already  ex-  and  mortars,  instead  ofa  match. 

Sressed,    concerning    the   recent    origin   of  this    excel-  PORTICO,  in  Architecture,  is  a  kind  of  gallery,  raised 

int  definition,  proposed  by  Mr.  Playlair."  upon  arches,  under  which  people  walk  for  shelter. 

On  this  subject,  see  abo  several  other  places  in  Dr.  POSITION,  or  Site,  or  Situation,  in  Physics,  is  an  af- 

Trail's  works,  particularly  the  note  d,  pa.  88.  fcction  of  place,  expressing  the  manner  of  a  body's  being 

PoBisu  was  also  used  in  another  sense,  by  the  ancient  in  it. 

geometricians,  and  even  down  to  near  the  17th  century,  Position,  in  Architecture,  denotes  the  lituatioD  of  a 

to  denote  the  same  thing  as  the  common  corollary.  building,  with  tespcct  to  the  points  of  the  horizon.    The 

PORISTIC  Method,  is  4iat  which  determines  when,  best  it  is  thought  it  when  the  four  sides  point  directly  to 

and  by  what  means,  and  how  many  different  ways,  a  pro-  the  four  winds,  or  cardinal  points, 

blem  may  be  issolved.  Position,  in  Astronomy,  relates  to  the  sphere.     The 

PORTA  (JounBaptibta),  called  also  in  Italy  Giovan  position  of  the  sphere  is  either  right,  parallel,  or  oblique; 

Batista  de  la  Porta,  of  Naples,  flourished  about  the  end  whence  arise  the  inequality  of  days,  the  difference  of  sea- 

oftbe  l6th  century,  and  was  famous  fur  his  skill  in  phi-  sons,  &c. 

losophy,  mathematics,  medicine,  natural  history,  &c,  as  Circlet  q^  Position,  are  circles  passing  through  the 

well  as  for  his  indefatigable  endeavours  to  improve  and  common  intersections  of  the  horiion  and  meridian,  and 

propagate  the  knowledge  of  those  sciences.     With  this  through  any  degree  of  the  ecliptic,  or  the  centre  of  any 

view,  he  rot  only  established  private  schools  for  particular  star,  or  other  point  in  the  heavens;  used  for  finding  out 

sciences,  but  to  the  utm«st  of  his  power  promoted  public  the  position  or  situation  of  any  star.     These  are  usually 

academies.     He  bad  no  small  share  in  establishing  the  counted  six  innumber.cuttingtheequatorintotwelveequa! 

academy  at  Gli  OEiuni,  at  Naples,  and  had  one  in  his  parts,  which  the  a&trologers  call  the  celestial  houses, 

own  house,  celled  de  Secreti,  into  which   none  were  ad-  Position,  in  Arithmetic,  called  also  False  Position,  or 

mitted  members,  t)ut  such  as  had  made  some  new  dis-  Supposition,  or  Rule-of-False,  is  a  rule  so  called,  because 

coveries  in  nature.     He  inventi^d  the  camera  obscura,  im-  it  cuiisiats  in  calculating  by  false  numbers,  suppoecd  or 

proved  afterwards  by  Gravesande,  and  formed  the  plan  of  taken  at  random,  according  to  the  process  described  in 

an  encyclopfcdia.     He  died  at  Pisa,   in  the  kingdom  of  any  question  or  problem  proposed,  as  if  they  were  the 

Naples,  in  the  year  l6l5.  '  Porta  gave  the  fullest  proof  true  numbers,  and  then  from  the  results,  compared  with 

of  an  extenuve  genius,  and  wrote  a  great  many  works  ;  that  given  in  the  question,  the  true  numbers  are  found, 

the  principal  ofwhich  areas  follow:  It  is  sometimes  aUo  called  Trial-and-ErrOr,  because  it 

~ .  His  Natural  Magic  ;  a  book  abounding  with  curious  proceeds  by  trials  of  false  numbers,  and  thence  finds  out 


experiments;  but  containing  nothing  of  magic,  in  the  com-  the  tiue  ones  by  a  comparison  of  the  errors.— Position  it 

mon  acceptation  of  the  word}  as  he  pretends  to  nothing  either  single  or  double. 

above  the  power  of  nature.  &tf7j;^  Position  is  when  only  one  supposition  is  ero- 

2.  Klementsof  Curve  Lines.  ployed  in  the  calculation.     And  .DouUe  Position  is  that 

3.  A  Treatise  of  Distillation.  in  which  two  suppositions  are  employed. — To  the  rule  of 

4.  A  Treatise  of  Arithmetic.  position  properly  belong  such  questions  as  cannot  be  re> 

5.  Concerning  Secret  Letter^ writing.  solved  from  a  direct  process  by  any  of  the  other  naual 

6.  Of  Optical  Refractions.  rules  in  arithmetic^  and  in  which  the  required  numbers  do 

7.  A  Treatise  of  Fortification.  not  ascend  above  the  first  power  :  such,  for  exarof  le,  as 

8.  A  Treatise  of  Physiognomy.  most  of  the  questions  usually  brought  to  exercise  the  re- 
Beside  some  Plays  and  other  pieces  of  less  note.  duction  of  simple  equations  in  algebra.  But  it  will  not 
PORTAIL,  in  Architecture,  the  face  or  frontispiece  of  bring  out  true  answers  when  the  numbers  sought  ascend 

a  church,  viewed  on  the  aide  in  which  the  great  door  is  above  the  first  power;  for  then  the  results  are  not  pro- 
placed.  It  means  also  the  great  door  or  gate  itself  of  a  portional  to  the  positions,  or  supposed  numbers,  as  in  the 
palace,  castle,  &c.     .  single  nile;  nor  yet  the  errors  to  the  difference  of  the  tnM 
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number  and  each.  pmitioD,  as  in  the  doable  rale.  Yet  in 
all  such-caaes,  il  is  a  very  );<x>il  approximation,  and  in  ex- 
ponential equations,  as  well  as  in  many  otiier  tbingt,  it 
succeeds  better  than  perhaps  any  other  method  whatever. 
Those  questions,  in  which  the  results  are  proportional 
to  their  supponitioiis,  belong  to  single  position:  such  are 
those  which  require  tbe  multiplication  or  division  of  the 
number  sought  by  any  number;  or  in  which  it  is  to  be 
increased  or  diminished  by  itself  any  number  of  times,  or 
by  any  part  or  parts  of  it.  But  tbosir  in  which  the  results 
are  nut  proportional  to  their  posit  ions,  belong  to  the  double 
rule :  such  are  those,  in  which  the  numbers  sought,  or 
their  multiples  or  parti,  are  increased  or  diminished  by 
some  given  absolute  number,  which  is  no  known  part  of 
the  number  sought. 

/n  SiSGLE  Position.  Suppose,  or  assume  any  num- 
ber at  pleasure,  for  the  number  sought,  and  proceed  with 
it  as  if  it  tferc  the  true  number,  that  is,  perform  t^  same 
operations  with  it  a*,  in  the  question,  are  described  to  be 
performed  with  the  number  sought :  then  if  the  result  of 
(hose  operations  be  the  same  with  that  mentioned  or  given 
in  the  question,  the  supposed  number  is  (he  same  as  the 
true  one  that  wu  required  ;  but  if  it  be  not,  make  this  pro< 
portion,  vi^,  as  the  result  is  to  that  in  the  question,  so  is 
the  supposed  false  number,  to  the  true  one  required. 

Example.  Suppose  that  a  person,  after  speuding  \  and 
^  of  bis  money,  has  yet  remaining  60J.;  what  sum  had  he 
at  first  i 

Suppose  he  had  at  first  120/. 

Now  i  of  130  is         40 
and  {  of  it  is  90 

their  sum  is  70 

which  taken  from      ISO 
leaves  remaining  50,  instead  of  60. 

Therefore  as  60;  60  : :  120  :  144  thesum  at  first. 
Proqf.     i  of  144  is         4S 
{of  it  is  56 

■     their  sum  84 

taken  from        144 
leaves  just  60  as  per  quest. 

To  work  bg  the  Double  Rule  qf  Pobitioh. 

In  this  rule,  make  two  different  suppositions,  or  assump- 
tions, and  work  or  perform  the  operations  with  each,  de- 
scribed in  the  question,  exactly  as  in  the  single  rule:  and 
if  neither  of  the  supposed  numbers  solve  the  question,  that 
is,  produce  a  result  agreeing  with  that  in  the  question  ; 
then  observe  the  erron,  or  bow  much  each  of  the  false  re- 
sults diffen  from  the  true  one,  and  also  whether  they  are 
too  great  or  too  little;  marking  them  with  -4-  when  too 
great,  and  with  —  when  too  little.  Next  multiply,  cross- 
.  wise,  each  position  by  the  error  of  the  other;  and  if  the 
errpn  be  of  the  same  aflfection,  thai  is  both  -t-,or  both  — , 
subtract  the  one  product  from  tbe  other,  as  alio  th«)  one 
error  from  the  other,  and  divide  the  former  of  these  two 
remainders  by  the  latter,  for  the  answer,  or  number 
sought.  But  if  tbe  errors  be  unlike,  that  is,  the  one  +, 
and  the  other  — ,  add  the  two  products  togetber,and  also 
the  two  errors  together,  and  divide  the  former  sum  by  the 
latter,  for  the  answer. 

RmiU  2.  Multiply  the  difference  of  the  two  assumed 
number*  by  one  of  the  etrors,  and  divide  the  product  by 
the  difference  of  tbe  results,  the  quotient  will  be  the  cor- 
rection of  the  assumed  Dumber  belonging  to  that  error  : 
Then  add  tbfs  quotient  or  correction  to  the  said  assumed 


number  when  it  is  too  small,  bat  sobtract  it  when  too 
great,  to  give  tho  answer. 

This  rule  of  position,  or  trial-and-error,  is  a  good  gene- 
ral way  of  approximating  to  the  roots  of  tbe  higher  equa* 
tions,  to  which  it  may  be  applied  even  before  the  equa;* 
tion  is  reduced  to  a  final  or  simple  state,  by  which  it  o^en 
saves  much  trouble  in  such  reductions.  It  is  also  emi- 
nently useful  in  resolving  exponential  equations,  and  equa=- 
tions  involving  arcs,  or  sines,  &c,  or  logarithms,  and  in 
short  in  any  equations  that  are  very  intricate  and  difficult. 
And  even  in  the  extraction  of  the  higher  roots  of  common 
numbers,  il  may  be  very  usefully  applied.  For  examples, 
and  the  demonstration  of  the  rules,  see  the  1st  vol.  of  my 
Course  of  Mathematics. 

The  rule  of  position  passed  from  the  Moors  into  Europe, 
by  Spain  and  Italy,  along  with  their  algebra,  or  method 
of  equations,  which  was  probably  derived  from  the  former. 

PosiTioiT,  in  Geometry,  respects  the  situation,  bear- 
ing, or  direction  of  one  thing,  with  regard  to  another. 
And  Euclid  says,  "  Points,  lines,  and  angles,  which  have 
and  keep  always  one  and  the  same  place  and  situation, 
are  sard  to  be  given  by  position  or  situation."  Data, 
def.  4. 

POSITIVE  Sumtities,  in  Algebra,  such  as  arc  of  a  real, 
affirmatiA,  or  additive  nature  ;  and  which  either  have,  or 
are  supposed  to  have,  the  affirmative  or  positive  sign  + 
before  them ;  as  n  or  +  a,  or  be,  &c.  Il  is  used  in  con- 
trad  istinctiou  from  negative  quantities,  which  are  defective 
or  subductive  ones,  and  marked  by  the  sign  —  ;  as  —  n, 

Positive  Electricity.  In  the  Franklinian  system,  all 
bodies  supposed  10  contain  mure  than  iheir  natural  quan- 
tity of  electric  matter,  are  said  to  be  positivdy  electrified  ; 
and  those  which  have  le^  than  that  quantity,  are  said  to 
be  electrified  negatively.  These  two  electricities  beingat 
first  proiluced,  the  one  from  glass,  the  other  from  amber 
or  rosin,  the  former  was  called  vitreous,  the  other  resinous 
electricity. 

POSTERN,  or  SaUy-ppri,  in  Fortification,  a  small  gate, 
usually  made  in  the  angle  of  the  flank  of  a  bastion,  or  in 
that  of  the  curtain,  or  near  the  orillon,  descending  into 
the  ditch  ;  by  which  the  garrison  can  march  in  and  out^ 
unperceived  by  the  enemy,  cither  to  relieve  the  works,  or 
to  make  private  sallies,  &c. — It  means- also  any  private  or 
back  door, 

POSTICUM,  in  Architecture,  the  poatcm  gate,  or 
back-door  of  any  fabric. 

POSTULATE,  a  demand,  petition,  or  an  assertion  of 
so  obvious  a  nature,  as  to  need  neither  demonstration  nor 
explication,  to  render  it  either  more  plain  or  certain.  This 
definition  will  nearly  agree  also  to  an  axiom,  which  is  a 
self-evident  theorem,  as  a  postulate  is  a  self-evident  pro- 
blem.— Euclid  lays  down  these  three  postulates  in  his  Ele- 
ments ;  via,  Ist,  That  from  one  point  t&  another  a  line  cab 
be  drqwn.  3d,  That  a  right  line  can  be  produced  t)ut  at 
at  pleasure.  3d>  That  with  any  centre  and  radius  a  circle 
may  be  described. — As  to  axioms,  he  has  a  great  number ; 
as.  That  two  things  which  arc  equal  to  one  and  the  same 
thing,  are  equal  to  each  other,  &c. 

POTASH,  in  chemistry,  one  of  the  three  fixed  alkalies, 
procured  from  the  burnt  ashes  of  vegetables,  by  com- 
bustion in  iron  or  other  pots ;  whence  the  compound 
pot-ash. 

POTASSIUM,  a  recently  discovered  and  very  singular 
metal,  obtuned  by  peculiar  management,  from  pot-asb. 
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ivbicb  in  inotlcvn  cli ministry  can  oiily  be  reg&rde^  ss  its  datum  or  biquadnte,  sunoUdf  cube  sqaared,  wcond  eur- 

oxyd.  soliil,  quadrato-quadrAto-quadratum,  cube  of  the  cube, 

POUND,  a  certain  weight;  nhicb  is  of  two  kindsi  viz,  square  of  the  sumolid,  third  lursol id,  and  «o  ou,  according 

the  pound  irovi  and  the  pound  avoirdupois  ;  tbe  former  to  ihe/irodue^i  of  the  indices. 

'  consisting  of  IS  ounces  Itoy,  aud  the  latter  of  l6  ounces  And  the  names  given  by  Diophantus,  who  is  followed 

avoirdupois.    The  pound  troy  is  to  ihe  poand  avoirdupois  by  Vietaand  Oughtred,are,  the  side  or  root,  square,  cube, 

at)  5760  to  $9991,  or  nearly  576  to  700.  quadrato-quadratum,  quadrato-cubus,  cubu-cubus,  qua- 

Pound  also  is  an  imaginary  money  used  in  accounting,  drato-quadrato-cubus,  quadrato-cubo-cubus,  cubo-cubo- 

in  several  countties.    Thus,  in  England  there-  is  the  pound  '  rubui,  &c,  according  to  the  nana  of  the  indices, 

sterling,  containing  in  value  20  shillings  j  in  France  the  But  iSc  moderns,  after  Harriot  and  Descartes,  arc  con- 

pound  or  livre  Tournois  and  Pari  sis  ;  in  Holland  and  tented  to  distinguish  moslof  tbe  powers  by  the  txponents; 

Handera,  a  pound  or  livre  de  gros,  &c. — The  term  arose  as  1st,  2d,  3d,  4th,  &c. 

from  hence,  that  the  ancient  pound  sterling,  though  it  The  characters  by  which  the  several  powers  are  denoted, 

only  conttuned  340  pence,  as  ours  does ;  yet  each  penny  both  in  the  Arabic  aud  Cartesian  notation,  are  thus 


being  equal  to  five  of  uun,  the  pound  of  silver  weighed  a 
pound  troy.  , 

■  POUNDER,  in  Artillery,  a  term  used  to  express  a  cer- 
tain weight  of  shot  or  ball,  or  fa<iw  many  pounds  weight 
tbe  proper  ball  is  for  any  cannon  :  as  a  34  pounder,  a  IS 
pounder,  &c. 

POWDER,  Gm.    See  Gwn powder. 

Vowr.a.-V-krt.     See  Eprouvette. 

POWER,  in  Mechanics,  denotes  some  force  which, 
being  applied  to  a  machine,  lends  to  produce  motion ; 
whether  it  does  actually  produce  it  or  not.  In  the  for- 
mer case,  it  is  called  a  moving  power;  in  the  latter,  a 
sustaining  power. 

Power  is  also  used  in  Mechanics,  for  any  of  the  six 
simple  machines,  vi»,  the  lever,  the  balance,  the  screw, 
the  wheel  and  axle,  the  wedge,  aud  ihc  pulley. 

PowzRq/'a  G/oit,  in  Optics,  is  used  for  the  distance 
between  the  convexity  and  ihc  solar  focus. 

Power,  in  Arithmetic,  the  produce  of  a  number,  or 
other  quantity,  arising  by  multiplying  it  hy  itself,  any 
number  of  times.  Any  number  is  called  tbe  first  or  single 
power  of  itself.  If  it  be  multiplied  ouce  by  itself,  the  pro- 
duct is  ihi:  second  power,  or  square  ;  if  this  be  multiplied 
by  the  first  power  again,  the  product  is  the  third  power, 
or  cube ;  if  this  be  multiplied  by  the  lirst  power  again, 
the  product  is  the  fourth  power,  or  biquadratic  ;  and  so 
on;  tbe  power  hring  always  [lenominated  from  the  number 
which  exceeds  the  multiplications  by  one  or  unity,  which 
number  is  called  the  index  or  I'xponent  of  tbe  power,  and 
is  usually  set  at  the  upper  corner  towards  the  right  of  tbe 
given  quantity  or  root,  to  denote  or  express  the  power. 
Thus,  3  or  3'  =    3  is  the  1st  power  of  3, 

5    X  3  or  3'  =    9  is  the  2d  power  of  3, 
3"  1   3  or  3'  =  27  is  the  3d  power  of  3, 
3^  X  3  or  3*  =3  SI  is  the  4th  power  of  3, 
&c.  &c. 

Hence,  to  raise  a  quantity  to  a  given  power,  is  the  same 
as  to  find  the  product  arising  from  its  being  multiplied  by 
itself  a  certain  number  of  times  ;  for  example  to  raise  3 
to  the  3d  power,  is  tlje  seme  thing  as  to  find  the  factum, 
or  product  8  =  2x2x2.  The  operation  of  raising 
powers,  is  called  Involution. 

Powers,  of  the  same  degree,  are  to  one  anblber  in  the 
ratio  of  the  roots  as  manifold  as  their  common  exponent 
contains  units  :  thus,  squares  are  in  a  duplicate  ratio  of 
the  roots;  cubes  in  a, triplicate  ratio;  4th  powers  in  a  qua- 
druplicate mtio. — And  the  powers  of  proportional  quan- 
tities are  also  proportional  to  one  another  :30,\(a:b::c  :d, 
then,  in  any  powers  also,  o"  :  i'  :  :  c"  :  (f . 

Tbe  particular  names  of  the  several  powers,  as. intro- 
duced by  the  Anbians,  were,  square,  cube,  quadra toqua- 
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1  2  4  8  16  33  6'4  138  356  512 
Hence,  1st.  The  powers  of  any  quantity,  form  a  series 
of  geometrical  proportionals,  and  their  exponents  a  series 
of  arithn^tical  proportjonali,  in  such  sort  that  the  addition 
of  the  latter  answers  to  the  multiplication  of  the  former, 
and  the  subtraction  of  the  latter  answers  to  ilie  division  of 
the  former,  &c;  or  in  short,  that  the  latter,  or  exponents, 
are  as  the  logarithms  of  tbt-  former,  or  powers. 
~  ••         '  'nd  2  +  3  =  5; 


=  32; 


also  a 


',  and  5  - 


-  S  =  2; 
32  -^  8  =  4. 
2d.  Tbe  0  Power  of  any  quantity,  as 
3d.  Powers  of  the  same  quantity  arena 
ing  their  exponents :  Thus, 

Mult,      o'      *»      y»       J" 

by  a*      a-'      S"       ^"    . 

Prod. 


Div. 
by 
Quol. 
5th,  Powers 
having  negative 
the  c 


°,  is  =  1. 

liiplied,  by  add- 


.V- 


,re  also  considered  as  negative  ones,  or 
■xponents,  when  they  denote  a  divisor,  or 
=  a  ~\  and  -;■  = 


a  fraction.  So 
2a  -',  and  ^  =  (^x~\  &c.  And  hence  any  quantity  may 
be  changed  from  the  di'nominator  to  the  numerator,  or 
from  a  divisor  to  a  multiplier,  or  vice  versa,  by  changing 
the  sign  of  its  exponent ;  and  the  whole  series  of  powers 
proceeds  indefinitely  both  ways  from  1  or  the  0  power,»po- 
sitive  on  the  one  band,  and  negative  on  the  other.  Thus, 
&ca-*<i-"o~'a"'<i'a'  a'ffl*u*&c, 

or,&c-^     -^    ^     ~      1    aa*a*a'6(C. 

Powers  are  also  denoted  with  ^-actional  exponents,  01 
even  with  surd  or  irrational  ones ;  and  then  the  numera- 
tor denotes  the  power  raised  to,  and  the  denominator  the 
exponent  of  some  rooti  to'be  e:(ttacted  :  Thus, 
^a  =  tt^,  and  v/o'  =  «*.  and  J/a*  =  a^,  &c.  These  are 
sometimes  called  .imperfect  powers,  or  surds. 

When  the  quantity  to  be  raised  to  any  power  is  positive, 
all  its  powers  must  be  positive,  ■  And  when  tbe  radical 
quantity  is  cegauve,  yet  all  its  even  powers  must  be  posi- 
tive :  because  -  x  -  gives  -»■  :  the  odd  power*  only  be- 
ing  negative,  or  when  their  exponents  are  odd  numbers : 
Thus,  the  powers  of  —  a, 
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wn  ■*■  i,  ■-  a,  •*■  a*,  —  *',  +  a*,  —  a',  +  ef,  &C,  redacrd  to  the  Itm  obieircd  is  tb«  forr^og  lablr,  for 

where  the  even  powers  a*,  a*,  a'  ere  poMtive,  vrhicli  reason  this  power  is  thrre  omitted, 
And    the  odd  powers  0,   a*,  a' are  negative.  '  Any  power  of  the  natDral  aumbera  ],S,  3,  4,  5|6,  &C, 

Hence,  if  a  power  have  a  negative  lign,  no  even  root  or  it  a«  the  nth  power,  hns  as  many  ordera  of  diffiBrencetaa  there 

can  be  assigned  j  since  no  quantity  multiplied  byitsplfan  are  uotts  in  the  common  exponent  of  all  the  numbers; 

even  number  uftimea,  cnn  give  a  negative  producL  llus  and  the  last  of  tboiediBerencea  it  a  Constant  quantity,  and 

v^— u'lOrtbe^quareorSd  rootof— ^,cannot  beassigned;  equal  to  the  continual  product  t  x  2  k  3  x  4  x  — -- 

and  is  called  an  impossible  root,  or  an  imaginary  quantity.  -•  ■(  n,  continued  till  the  last 'foe tor,  or  the  number  of  fac- 

Evcry  power  htt  as  many  roots,  real  and  imaginary,  as  ton,  be  n,  the  exponent  of  the  powers.    Thus,  * 

there  are  units  in  the  exponenr.  tbe  lit  powers,  1  ,2,3,4,5  ,  ^c,  b«?e  but  one  order 

M.  Lahire  gives  a  very  odd  property  common  to  all  of  diBercncei       lilt       &c,kndtbatdifferenceisl. 

powers.     M. Carre  bad  observed  wiih  regard  to  the  num-  The  2d  p*vf».  I  ,*,9t'l6,95,&c,'h»vt  two  orden  of 

bcT  6,  that  all  the  natural  cubic  numbers,  8,  27,  6*,  125,  diRerences  S   5    7     9 

having  their  roots  less  than  6,  being  divided  by  6,  the  re-  2    2    2 

mainitcrof  the  divisionii  tberootitsclf;  end  if  w-ego  far-  antl  the  last  of  these  is  2  =:  1  x  2. 

ther, 21(),  the  cube  of  6,  being  divided  by  fi,  leaves  no  re-  Tbe  3d  pwrs.  1 ,  8  ,37  ,  64  ,  125,  &c, have  three  orders 

mainder;  but  the  divisor  6  is  itself  the  root.    Again,  343,  of  differences       7    19    37    6l 
the  cube  of  7i  being  divided  by  6,  leaves  1;  which  added  12    18    24 

to  the  divisor  6,  makes  the  root  7,  £tc.     M.  Lahire,  on  6     6 

considering  this,  has  found  that  all  numbers,  raised  to  any  and  the  lut  of  these  ii6=:l  x  Sx  3. 
power  whatever,  have  divisors,  which  have  (he  same  effect         In  like  manner,  the  4th  or  last  differences  of  the  4th 

with  rt^rd  to  tbem,  that  6  has  with  regard  to  cubic  num-  powers,  are  each  24  =1   x   2k   3k '4;  and  the  5th  or 

ben.     For  finding  these  divisors,  be  discovered  the  follow-  last  dtOerences  of  the  Sth  powers,  are  each  ISO  ^1x2 

ing  general  rule,  vix,'  If  the  exponent  of  the  power  of  a  x   3  x  4  x  5,     And  so  on.     Which  property  was  first 

number  be  even,  i.e.  if  the  number  be  raised  to  the  2d,  noticed  by  Peletarius. 

4th,  6th,  Btc,  power,  it  must  be  divided  by  2 ;  the  remain-         And  the  same  is  true  of  the  powers  of  any  other  arith* 

der  of  the  division,  when  there  is  any,  added  to  2,  or  to  a  melical  progression  1, 1  -f-  ^  1  +  td,l  •*■  Sd,&c, 
multiple  of  2,  jpvesthe  rootof  this  number,  corresponding  »it,  1,  (1  -•-  «)",  (1  -•-  2(0",  (1  +  3ii)",  4c, 

to  its  power,  i.e.  the  2d,  4th,  6ih,  Slc  root.  the  number  of  the  orden  ofdiffierences  being  still  theiame 

But  if  the  exponent  of  the  power  bean  uneven  number,  exponent  n,  and  the  last  of  those  orden  each  equal  to 

i.e.if  ihenumber  beraised  to  the3d,  5lh,7th,&cpower;  1  k  2  x  3 k    ncl*,  the  same  product  of  facton 

the  double  of  tliis  exponent  will  be  the  divisor,  which  baa  as  before,  multiplied  by  the  same  power  of  the  common 

the  property  abovementioni?d.    Thus  is  it  found  in  6,  the  difference  d  of  the  series  of  roots :  as  was  shown  by  Briggs. 
double  of  3,  tbe  exponent  of  the  power  of  the  cut>es :  so         And  hence  arises  a  very  easy  and  general  way  of  raising 

alio  10,the4oubleof5,isthedivisorofall5th  powers;  &c.  the  powen  of  all  the  natural  numbers,  via,  by  common 

if  r  be  a  prime  number,  and  Many  number  not  divisible  addition  only,  beginning  at  the  last  diSbrences,  and  add- 
by  r,  then  n*,  being  divided  by  r,  will  leave  the  saoie  re-  ing  them  all  continually,  one  after  another,  up  to  the 
mainder,  as  n  wben  divided  by  the  same  number;  an^  powen   themselves.      Thus,  to   generate   the  series    of 

L  _^..  ;>  r  II        .I.."'-"-     I  ■  .  J    ■  cubes,  or  3d  ppwen,  adding  always  6,  the  common  3d  dif- 

hcnce  It  Id  Hows  lost is  a  ways  an  integer ;  and  since  r  ■      *^t    _,  i-^     *       ,a  .d  n.    •  j  »l 

r  '  °     '  ""  forence  gives  the  2d  differences  12,  1 8,  24,  dec ;  and  these 

•>  i«  prime  to  r,  therefore  !i^^  isalways  an  integer  when  <^^'^}°  ^^'  l»t  of  the  1st  differences  7,  giye,  the  rest  of 

■        r  '  ^  the  said  1st  diiferences  ;  and  these  again  added  to  the  Ut 

ris  a  prime  numiwr  and  «  prime  tor.    "Hiis  is  a  very  im-  ^ube  1,  pves  the  rest  of  the  scries  of  cubes,  8,  27,64,  &c, 

portant  theorem  in  the  theory  ofnumben,  the  invention  as  below, 

of  which  is  due  to  Fermat,  though  the  demonstration  of  it  3dD.         2dD.         IstD.  Cubea. 

was  firat  given  by  Etilcr  in  the  Petersburg  Memoin.  1 

By  means  of  this  theorem  we  readily  deduce  the  follow-  ' 

ing  table  of  the  forms  of  powera,  with  regard  to  certain  6  ^*  19  ^ 

ounbcn  taken  as  moduli.    Thus  all  18  „•  27 

«nd  powen  are  of  ihe  form     5a  or     5»  ±  1  "^24  64 

3d   powen  -  -    -    -    -    -    7»  or    7n  ±  I  g  fi* 

4th  powers 5ii  or     5a  -.-  I  30  ^  125 

Sth  powen   -----  lln  or  11a  -t-  T  guj 

6ih  powen   -    -    -     -     -  i3i,  or  lSft±  I  ^^ 

^\  ?•"*"• 17n  or  l?a  ±  1  Ommtniurable  in  Powbu,  is  said  of  quantities  which, 

9th  powen ipu  or  iga  ±  1  though  not  commensorahle  themselves,  have  theirsquares, 

Oih  powen l|»orlla±l  or  some  other  power  of  rhem,  commensurable.     Euclid 

ik  '""'*" 23Bor2S»±l  confines  it  to  squares.     Thus,  tbe  diagonal  and  side  of  a 

iZtd  powen 13«  or  13»  -»■  I  wjuare  are  commensurable  in  power,  their  squares  being 

And  generally  if  >i  4-  1  is  iM^rime  number,  then  i°*  Is  of  as  2  to  1,  or  commensurable;  though  they  are  not  corn- 
one  of  the  forms  («  +  l)«  or  (n»  t-  1)11  -t-  I.     And  if  mensurable  themselves,  being  as  t/2  to  1, 
2n  -»-  1  be  a  prime,  then  x"  isof  one  of  tbe  three  forms         Powaa  qf  an  ^perbola,  is  the  square  of  the  4th  part 
(n  -•-  1)r  or  (m  -*-  1  )n  ±  I.     And  since  neither  7  +  1  of  the  conJDgate  axis. 

nor  2.7  ■*-  1  is  a  prime,  therefore  71h  powen  cannot  bo        PRACTICAL  Arithmetic,  Geometry.    Mathematics, 
Vol-  II.  3  G 
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&c, 


■  the  put  that  regards  the  practict,  or  ji{^lication,    teryal  of  164  ^i 


ai  distinguiihed  frojn  th«  theoretiqal  part. 

PRACTICE,  in  Aiilhnietw,  a  a  rula  which  expeditious- 
ly and  compcDdiously  aiwwen  quettioni  in  the  golden 
rule,  or  jule-of-three,  especially  when  the  first  term  is  1. 
$ce  rules  for  this  puipofe  in  all  the  books  of  practical 
arithmetic.  . 

PRECESSION  of  the  Eqtdntaet,  h  a  very  slaw  motioD 
of  them,  by  which  lliey  change  their  place,  going  from  east 
to  west,  or  backward,  in  anteeedattia,  as  wttronoroen  call 
it,  or  contrary  to  the  order  of  the  sigDS.  From  the  late 
iiiipro?ements  in  astroDomy  it  appears,  that  the  pole,  the 
solstices,  the  equinoxes,  and  ^1  the  other  points  of  the 
ecliptic,  have  a  retrograde  motion,  and  arc  constantly 
moving  from  cast  to  wmt,  or-  from  Aries  towards  Pisces, 
&c;  hy  meansof  which,  the  equinoctial  points  are  carried 
farther  and  farther  back,  among  the  preceding  signs  ot 
Stan,  at  the  rate  of  about  5(i'\  each  year ;  which  retro> 
grailc  motion  is  called  Jhe  PrecesMoo,  Recession,  or  Retro-     which  divided  by  ifrl,  the  interval  of  years,  gives  50"-S36, 


there  will  be  obtained  the  followtDg 
differenccsoffon^tude  of  several  stars;  viz, 

y  Arielis       '     -  -  -     2'    17'    37' 

Aldebaran        -  •  -     2     17     45    '  ; 

p  Gerainorum  -      .      -         -     2     17       1 

/3  Gemlnonim        -  -  -     2     15     26 

R^ulu's 
ft  Vir^nii 
a  Aquils 
a,  Pif  ast 
j3  Libr« 

An  lares 
t  Tauri 
•y  GemiDorum 
y  Cuncri 
y  Leonis 
y  Capricorni 
Medium  of  these  15  si 


-  3  18  IS 

-  2  19  1 

-  2  16  12 

-  2  17  52 
-.2  16  28 

-  2  17  58 

-  2  18  38 


17     35- 


knd  the 


n  of  the  Equinoxes. 
Hence,  as  the  stars  remun  n 
equinoxes  go  backward,  the  sit 
and  more  eastward  with  respect  to  them ;  for  which  rea- 
son the  longitudes  of  all  the  stars,  being  reckoned  from  the 
first  point  of  Aries,  or  the  vernal  equinox,  arc  continually 
increaninf^     From  this  cause  it  is,  that  the  consiellatioi 


T  nearly  Srf'j,  or  after  the  rate  of  l"  23'  53"^  ii 
years.  And  nearly  the  same  conclusioR  results  from  the 
longitudL-s  of  the  stars  in  the  Britannic  catalogue,  com- 
pared with  those  of  the  still  later  catalogue.  SceLalande'e 
Astronomy,  in  several  places.  , 

Mr,  Mayer,  in  the  con^tructipji  of  his  tables,  assumed 
be  precession  of  ihe  equinoxes,  or  the  annual  motions 
0  have  changed  the  places  assigned  to  ihem  by  of  the  fixed  stars  in  longitude,  to  be  exactly  SO^-S,  witb- 
the  ancient  astronomers.  In  tlie  time  of  Hipparchus,  and  out  paying  any  regard  to  the  alteration  of  the  place  of  tii« 
the  oldest  astronomers,  the  equinoctial  points  were  fixed  equinox  arising  from  the  tranalntion  of  the  plane  of  the 
to  the  first  Stars  of  Aries  and  Libra :  but  the  signs  do  not  ecliptic  by  the  action  of  the  planets.  Dr.  Bradley,  by 
now  answer  to  the  saiae  points;  and  the  stars  which  were  comparing  his  own  observations  of  drcUnations  of  stars, 
then  in  conjunction  with  the  sun  when  he  was  in  the  equi-  lying  on  both  aides  of  the  equinoctial  col  ure,  with  the  like 
nox,  are  now  a  whole  sign,  or  30  degrees,  to  the  eastward  observations  ofTycho  Brahe,  found  the  piecession  of  the 
of  it;  so,  the  first  star  of  Aries  is  now  in  the  portion  of  equinoxes  iu  longitude,  to  be  exactly  1?  in  71s  years,  or 
the  ecliptic,  called  Taurus;  and  the  stars  of  Taurus  are  at  the  rate  of  50"'3j  in  a  year,  which  is  evidently  what 
now  in  Gemini ;  and  those  of  Geiifini  in  Cancer;  and  arises  from  the  motion  of  the  plane  of  the  equator  alone, 
so  on.  '        ,  being  that  which  is  occasioned-  by  the  actions  of  the  sua 

This  seeming  change  of  place  in  the,  stars  was  first  ob-  and  moon  on  the  spheroidal  figure  of  the  earth.  But  the 
served  by  Hipparchus  of  Rhodes,  who,  128  years  before  equinoctial  point  is  also  altered,  though  in  a  far  less  de- 
Christ,  found  tiiat  the  lonptudrs  of  the  stars  in  his  time  grec,  by  the  continual  motion  of  the  plane  of  the  ecliptic, 
were  greater  than  they  had  been  before  observed  by  Timo-  owing  to  the  action  of  the  planets,  and  goes  forward  (T'  1 5 
chares,  and  than  they  were  in  the  sphere  of  Eudoxus,  who  in  a  year,  from  that  cause,  along  the  ecliptic,  which  will 
wrote  380  years  before.  Christ.  Ptolemy  also  perceived  diminish  the  precession  of  the  equinoxes,  on  the  apparent 
the  gmdual  ahange  iiJ  the  longitudes  of  the  stars ;  but  he     annual  motions  of  the  fixed  stari,  lying  near  the  p^ne  of 


stated  the  quantity  at  too  little,  making  it  but  1°  in  100 
years,  which  it  at  the  rate  of  only  36"  per  year.  V-hang, 
a  Chinese,  in  the  year  721,  slated  \he  quantity  of  this 
change  at  1°  in  83  years,  which  is  at  the  rate  of  43"  \  per 
year.  Other, more  modern  axtronomers  have  mode  thfs 
precession  still  more,  but  with  some  small  differences  from 
each  other;  and  it  is  now  usually  taken  at  50"-}  pcryear. 
All  these  rates  are  deduced  from  a  comparison  of  the  lon- 
gitude of  certain  stars  as  observed  by  more  ancient  astro- 
nomers, with  the  later  observations  of  the  same  stars ;  viz, 
by  subtracting  the  former  from  the  latter,  and  dividing  the 
jemainder  by  the  number  of  years  in  the  interval  between 
the  dates  of  the  observations.  Thus,  by  a  medium  of  a 
great  number  of  comparisons,  the  quantity  of  the  annual 
Change  has  been  flxed  at  50*^. 

Thus,  by  taking  the  longitudes  of  the  principal  stars 
established  by  Tycho  Brah*,  in  his  book  Astronomiee  In- 
stauratx  Progyronasmata,  pa.  SOS  and  232,  for  the  begin- 
ning of  1586,  and  comparing  them  with  the  same  as  de- 
termined for  the  year  1750,  bj  M.  Lacaille,  for  that  in- 


i  much,  and  so  reduce  them 
See  Naut,  Ephemer.  for 


the  ecliptic,  in  longitude 
fr<im  50"  35  to  50"-™  o 
1797,  the7»reface. 

Taking  therefore  50"^  for  the  true  mean  annual  pre- 
cession of  the  equinoxes,  at  this  rate  it  will  require 
25,8l6^  yean  for  the  equinoxes  to  make  ibeir  revoJution 
westward  quite  around  the  circle,  and  jeturn  to  the  same 
point  again. 

The  ancients,  and  even  some  of  the  moderns,  have  taken 
theequinoxcs  to  lie  immoveable ;  and. ascribed  that  change 
in  the  distance  of  the  stars  from  iij  to  a  real  motion  of  the 
orb  of  the  fixed  stars,  which  they  supposed  had  a  slow  re- 
volution about  the  poles  of  the  ecliptic  ;  so  as  that  all  the 
stars  perform  their  circuits  in  the  ecliptic,  or  its  parallels, 
in  the  space  of  25,79'  years  ;  after  which  they  should  all 
return  a^ain  to  their  formeu^laccs. 

This  period  t|ic  ancients  Tailed  the  Platonic,  or  great 
year;  and  imagined  tliat  at  its  completion  every  thing 
would  begin  as  at  first,  and  all  things  come  round  in  the 
same  otder  as  they  have  done  before. 
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The  phenomena  of  tbii  retrograde  motion  of  the  equi-  them  alh  the  sigDS  of  the  ecliptic,  it  follows,  that  those 

Boxei,  or  JnterBccdons  of  the  equinoctial  with  the  ecliptic,  stars  which  in  the  infancy  of  astronomy  were  in  Aries,'  are 

and  consequently  of  Che  conical  motion  of  the  earth'*  axia,  now  found  in  Taurus;  those  of  Taurus  in  Gemini,  &£.' 

by  which  the  pole  of  theequator  described  a  small  ciicle  -Hence  lihewise  if  is,  that  the  stars  which  rose  or  set  at 

in  the  same  period  of  time,  may  be  understood  and  illus-  any  particutat  season  of  the  year,  in  the  times  of  Hesiod, 

trated  by  a  scheme,  as  follows :  Let  kzbvl  be  the  earth,  Eudoxus,  Vitpl,  Pliny,  He,  by  no  means  answer  at  this 

BONA  its  axis  produced  to  the  starry  heavens,  and  ter-  time  to  their  descriptions. 

ninating  iu  a,  the  present  north  pole  of  the  heavens,  As  to  the  physical  cause  of  the  precision  of  the  pqui> 

which  is  vertical  to  W,  the  north  pole  of  the  earth.     Let  noxes,  sir  Isaac  Newton  demonstrates,  that  it  arises  from 

a  be  the  equator,  toz  the  tropic  of  cancer,  and  vrif  the  broad  or  flat  spheroidal  figure  of  the  earth  j  which 

■      -~      •  itselfai'       " 


the  tropic  of  Capricorn;  voz  the  ecliptic,  and  bo  its 

both  of  which  are  immoveable  among  the  stars.     But  as 

the  equinoctial  points  recede  in  the  ecliptic,  the  earth's 

axis  sov  is  in  motion  upon  the  earth's  centre  o,  in  such 

«  manner  as  to  describe  the  double  cone  Hon  and  not,  "this  redundant  matter,  bring  tbe  equator 

~  them,  in  every  return  towards  it,  than  if  thi 


round  tbe  axis  of  the  ecliptic  bo,  in  the  time  that  the 
equinoctial  points  move  round  theecliptic,  which  is  35,7^1 
years ;  and  in  that  length  of  ^me,  the  north  pole  of  the 
'  's  axis,  produced,  describes  the  circle  abcda  in  tbr 


from  the  earth's  rotation  about  its  axis':  for  a» 
more  matter  has  thus  been  accumulated  all  round  thu  equa- 
torial parts,  than  any  where  else  on  the  earth,  the  siin  and 
when  on  either  side  of  the  equator,  by  attracting 
:r  under 
were  no 
such  accumulation- 

Sir  Isaac  Newton,  in  determining  the  quantity  of  the 
annnal  precession  from  the  theory  of  gravity,  on  supposi- 
tion that  the  equatorial  diameter  of  the  earth  is  to  tbe 
polar  diameter,  as  S30  to. 229,  finds  the  sun's  action  suf- 
ficient to  produce  a  precession  of  J**!  only;  and  collecting 
from  the  tides  the  proportion  between  the  sun's  force  and 
the  moon's  to  be  as  1  to  4},  he  settles  the  mean  precession 
resulting  from  their  joint  actions,  at  50";  which,  it  must 
be  owned,  is  nearly  the  same  as  it  has  since  been  found 
by  the  best  observations ;  and  yet  several  other  mathema- 
ticians have  since  objected  to  the  truth  of  Newton's  com- 
putation. 

Indeed,  todeterminethequantityoithc  precession  anting 
from  the  action  of  the  sun,  is  a  problem  that  has  been 
much  agitated  among  modern  mathematicians;  and  though 
they  seem  to  agree  as  to  Newton's  mi&take  in  the  solution 
if  it,  they  have  yet  generally  disagreed  from  one  another. 


starry  heavens,  round  the  pole  of  the  ecliptic,  which  keeps  Dalembert,  in  1749,  printed  a  treatise  on  this  subject,  and 
immoveable  in  the  centre  of  that  circle.  The  earth's  axis  claims  the  honour  of  having  been  the  first  who  rightly  de- 
being  now  23°  28'  inclined  to  the  axis  of  the  ecliptic,  the     termined  the  method  of  resolving  problems  of  this  kind, 


circle  aucda,  described  by  the  north  pole  of  the  earth' 

axis  produced  to  a,  is  46°  6&  in  diameter,  or  double  the 

inclination  of  the  earth's  axis.     In   consequence  of  this, 

the  point  a,  which  is  at  present  the  north  pole  of  the 

heavens,  and  near  to  a  star  of  the  3d  magnitude  in  the  end 

of  the  Little  Bear's  tail,  must  be  deserted  by  the  earth's 

axis.;  which  moving  backwards  1  degree  every  71f  years 

nearly,  will  be  directed  towards  the  star  or  point  b  in 

6447^  years  hence;  and  in  double  of  that  time,  or  I2,895i 

years,  it  will  be  directed  towards  the  star  or  point  c;  which     the  m< 

will  then  be  the  north  pole  of  the  heavens,  though  it  is  at     of  the  moon's  orbit, 

present  8i  degrees  south  of  the  zenith  of  London  l.     The     — Walmesley,  on  the 


The  subject  has  been  also  considered  byEuler,  Friii,  Si!- 
vabeile,  Walmesley,  Simpson,  Emeison,  Laplace,  La- 
grange,  Lnnden,  Milner,  and  Vince. 

M.  Silvabelle,  stating  the  ratio  of  the  eai'th's  axis  to  be 
that  of  178  to  I??,  makes 

the  annual  precession  catited  by  the  sun  13*  53", 

and  that  of  the  moon         -  '  ■        -  84    17  ; 

making  the  ratio  of  the  lunar  force  to  the  solar,  to  be  that 

of  5  to  S  ;  also  the  nuiatiou  of  the  earth's  axis  caused  by 

I,  during  the  time  of  a  semi  revolution  of  the  pole 

in  9t  years,  he  makes  I7"  51'". 

pposition  that  the  ratio  of  the 


preset  position  of  tbe  equator  Koq  will  then  be  changed     earth's  diameters  is  that  of  230  to  339,  and  the  obliquity 
-  into^,  thetropicof  cancerTSEZ  into  vfcj,  and  the  tropic     of  the  ecliptic  to  (he  equator  23*  2S'  30",  makt-s  the 


nual  precession,  owing  to  the  sun's  force,  equal  to  IO'''583; 
but  supposing  the  ratio  of  the  diameters  to  be  (hat  of  178 
to  177,  that  precession  will  be  13"675. — Mr.  Simpson, 
by  a  different  method  of  calculation,  determines  tbe  whole 
annual  precession  of  the  equinoxes  caused  by  the  sun,  at 
21"  6"';and  he  has  pointed  out  the  errors  of  the  Compu- 
tations proposed  by  Silvabelle  and  Walmesley.— Mr.  Mil- 
ner's  deduction  agrees  wiili  that  of  Mr.  Simpson,  as  well 
as  Mr,  Vince's  ;  and  their  papers  contain  besides  several 
curious  particulars  relative  to  this  subject.  But  for  the 
various  principles  and  reasonings  of  these  mathematicians, 
see  Philoa.  Trans,  vol,  48,  pa.  585 ;  vol.  49,  pa.  704 ; 
vol.  69,  pa.  505;  and  vol,  77,  pa.  363;  as  also  th^  writings 
From  this  movement  of  the  equinoctial  poiats,  and  with    of  Simpson,  EmersoD,  Landen,  &c ;  also  Lalande'i  Astro- 

•iG  2 


of  Capricorn  vtW  into  fife;  as  is  evident  by  the  figure. 
And  the  sun,  in  the  same  part  of  the  heavens  where  he  is 
nOw  over  the  earthly  tropic  of  Capricorn,  and  makes  the 
ahortnt  days  and  longest  nightsin  the  northern  hemisphere, 
will  then  be  over  the  earthly  tropic  of  cancer,  and  make 
the  days  longest  and  nights  shortest.  So  that  it  will  re- 
quire 12,895i  years  yet  more,  or  from  that  time,  to  bring 
the  north  pole  11  quite  round,  so  as  to  be  directed  toward 
that  |Kiint  of  the  heavens  which  is  vertical  to  it  at  present. 
And  then,  and  not  till  then,  the  same  stars  which  at  pre- 
sent describe  tbe  equator,  tropics,  and  polar  circles,  &c, 
by  the  earth's  diuinal  motion,  will  describe  them  over 
i^n. 
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iiomie,  KB(1  the  Memoirs  of  ibe  Acud.  Sci.  >n  Kveral  of  the  air,  in  which  sounds  consist,  do  mauifrally  inflect 

places.  tfaemielves,  though  not  so  much  as  the  wsves  of  witer; 

As  to  the  efiect  of  the  planets  on  the  eqdinoctial  points,  for  the  sound  of  b  bell,  or  of  a  cannon,  can  be  heard  over 

Xiaplace,  in  his  new  researches  on  this  article,  finds  that  a  hill,  which  intercepts  thesonoious  object  fruni  our  sight; 

their  action  causes  those  points  to  advance  bj  O"-SO10  in  andsouudsarepropagated  as  easily  through  crooked  tubes, 

•  year,  along  the  equator,  or  0"-1849  along  the  ecliptic  ;  as  through  straight  ones.     But  light  is  never  observed  lo 

whence  it  follows  that  the  quantity  of  the  luni-soUr  pre-  go  in  curved  lines,  nor  lo  inflect  itsalf  ad  umbram;  fur 

cession  must  be  !S0"'434d,  since  the  total  observed  pre-  the  fixed  stars  do  immediately  disappear  on  the  iaterpp-' 

cession  is  50"^,  or  SQ"-25.  sition  of  any  of  the  planets ;  as  well  as  some  parts  of  the 

To  find  the  Prtcadem  in  right  atcauion  and  decKaalim.  sun's  body,  by  the  interposition  of  the  nioun,  or  Venus, 


Put  d  zs  the  declinaiioQ  of  a 

and  a  =  its  right  ascension ; 
then  theii  annual  variations  of  precessions  will  be  nearly 
,  M  follow  : 
*ii,  S0'''084     X  COS.  a  =:  the  annual  precca.  in  declinat. 

and  46"-06l5  -t-  20"'084  x  sin.  a  x   tang,  d  =  that  of     balanced   by  a.  coiui 
right  ascension.      See  the  Connoissance  dcs  Temps  for     about  34  feet  high 


Mercury. 

P&issuaB(/^ir,  Water,  Ife,     See  Am,  W4TEa,&c. 

The  effects  anctently  ascribed  to  the  fuga  vacni,  are  no:* 

accounted  for  from  the  weight  and  pressure  of  the  air. 

The  prcssuri!  of  the  air  on  the  surface  of  the  earth,  is 

of  the  same   base,  and 

■y  of  near  30 


i  a  machine  made  of.  iron  or 
wood,  serving  to  coropn-M  or  squeeze  any  body  very  close, 
by  means  of  screw  a.  The  common  presses  consist  of  six 
members,  or  pieces ;  vii,  two  fiat  and  smooth  planks ;  be- 
tween which  the  things  to  be  pressed  are  laid  ^  two  screws, 
or  wormi,  listened  to  the  low  el- plank,  and  passing  through 
two  boles  in  the  upper;  and  two  nuts,  serving  to  drive 
the  upper  plank,  which  is  moveable,  against  the  lower, 
the  latter  being  stable,  and  without  motion. 

PRESSION.     See  Pkbssurb. 

PRESSURE,  is  properly  the  action  of  a  body  which  erected  perpend! 
makes  a  continual  e|(jrt  or  endeavour  to  move  another  ;  and.if  the  ordi 
inch  as  the  action  oFa  heavy  body  supported  by  a  hori- 
•ontal  table ;  in  contradistinction  from  percussion,  or  a 
momentary  force  or  action.  Pressure  equally  rt-ipects 
both  bodies,  that  which  presses,  and  that  which  is  pressed ; 
from  the  mutual  equality  of  action  and  reaction. 

Pressure,  in  the  Cartesian  philosophy,  is  an  impulsive 
kind  of  motion,  or  rather  an  endeavour  to  move,  impressed 
on  a  fluid  medium,  and  propagated  through  it.  In  such 
a  pressure  the  Cartesians  fuppose  the  action  of  light  to 
consist.  And  in  the  various  modifications  of  thin  pressure, 
liy  the  surfaces  of  bodies,  on  which  thai  medium  prtsses, 
they  suppose  the  variom  colours  to  consist,  &c.  But 
Newton  shows,  that  if  light  consisted  only  in  a  pressure, 
propagated  without  actual  motion,  it  could  not  agitate  and 
warm  such  bodies  as  reflect  and  refract  it,  as  \\.c  ai'lualiy 
find  it  does;  and  if  it  consisted  in  an  instantaneous  motion, 
or  uiie  propagated  to  all  distances  in  an  instant,  as  such 

Sircsiure  supposes,  there  would  be  required  un  infinite 
brc«  to  produce  that  motion  every  moment,  in  every 
lucid  particle.  Further,  if  light  consisted  cither  in  pres- 
sure, or  in  motion  propagated  in  a  flui^ medium,  whether 
instantaneously,  or  in  time,  it  must  follow,  that  it  would 
inflect  itself  ad  umbram;  for  pressure,  or  molion,  in  a 
fluid  medium,  cannot  be  propagated  in  right  lines,  be- 
yond any  obstacle  which  shall  hinder  any  part  of  the  mo- 


inches  high;  and  upon  every  square  inch  at  the  earth's 
surface,  that  pressure  amounts  to  about  )4j  pounds  avoir- 
dupois. The  elasticity  of  the  air  is  equal  to  that  pressure, 
and  by  means  of  that  pressure,  or  elasticity,  the  air  would 
rush  into  a  vacuum  with  a  velocity  of  about  1370  feet  per 
second.  At  diSercnt  heights  above  the  earth's  surface  . 
the  pressure  of  the  sir  is  as  its  density  and  elasticity,  and 
each  decreases  in  such  sort,  that  as  ilie  heights  above  the 
surface  increase  in  arithmetical  progression,  ihe  pressure 
&.C  decreases  in  geometrical  prograssion  :  and  hence  if  the 
axis  2C  of  a  logarithmic  curve  ad  be 


ular  to  the  hor 
B  denote  tbe  prc^- 
elasticity,  or  density  of  the  air, 
at   the  earth's   surface,  then  will  any 
other  absciss 

(denote  the  pressure  &c  f 
j"T the  attitude 

Tbe  pressure  of  water,  as  this  fluid 
is  everywhere  of  the  same  density,  is 
as  its  depth  at  any  place,  and  in  all  di- 
rections ibe  same ;  and  upnn  a  square 
foot  of  surface,  every  foot  in  height 
presses  iviih  the  force  of  n  weight  of  1000  ounces  or 
Ci2jlbs.  avoirdupois.     And  hence,  if  ab  be  tbe  depth  of 


depth  : 


preaaur 


1  any  vessel,  and  be  denote  its  pressure  at  the 
;  by  joining  ae  and  drawing  any  other  ordtnales 
iben  will  these  ordinates  ro,  hi.  See,  denote  the 
at  the  corresponding  depths  ao,  a  i,  &c  ;  also  the 


tion;  but  will  infiect  and  diffuse  itself,  every  way,  into  area  of  the  triai^le  abe  wilt  denote  the  whole  pressure 

those  parts  of  the  quiescent  medium  which  lie  beyond  the  against  the  whole  upright  side  ab  and  which  therefore  it 

said  obstacle.    Thus  the  force  of  gravity  tends  downward ;_  but  half  the  pressure  on  the  bottom  of  the  same  area  as 

but  Ihe  pressure  which  arises  from  that  force  of  gravity,  (be  side.     Moreover,  if  a  hole  were  opened  in  the  bottom ' 

lends  every  wa^  with  en  equable  force ;  and,  with  equal  or  side  of  the  vessel  at  B,  tbe  water,  from  the  pressure  of 

case  and  force,  is  propagated  in  crooked  lines,  as  Jn  straight  the  superincumbent  fluid,  would  issue  oat  with  the  \t\o^ 

ones.     Waves  on  the  snrbce  of  water,  while  they  slide  by  city  of  8  v'ab  feel  per  second  nearly;  ab  being  estimated. 

the  sides  of  any  large  obstacle,  do  inflect,  dilate,  and  dif-  in  feet. 

fuse  themselves  gradually  into  the  quiescent  water  lying         Pressure  qf  Earth  agairut  Walls,  Ifc.    This  is  a  circum- 

bryoud  the  obstacle.    The  waves,  pulses,  or  vibrations  stanceof  considerable  importaace,  on  many  occasions,  as 
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iu  cmfiankmeDti*  ia  fortificUioiu,  in  docki,  in  pien,  &r.  rapose,  the  resistance  bring  to  the  direct  or  perptrxiiculkr  * 

Tiiepracticeutobavetlie  cotinterparU  equal  to,  or  rather  pressure  u  I  to  1.     Hence,  for  the  state  of  equitibiium, 

to  exceed  the  pressure,  in  order  to  secure  stability.     For  ^^e  liii,e  the  eouation  iax 
dctermiDing  ibis  equality,  several  different  principlei  have  ™  '^^  ' 

been  employed,  approftchiiig  more  or  less  to  perfect  sccu- 


=/■ 
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racy,  as  may  bo  seen  in  my  Course  of  Mathematics,  vol.S, 
pa.  196,  andfol.  3,  pa.35(i';  nbere  a  popular  and  mecha- 
nical theory  is  delivered,  for  pretty  compact  or  firm  earib, 
dil^rent  from  former  ones,  and  accompanied  with  several 
practical  examples,  which  may  be  usefully  consulted  on 
any  real  occasion.  Below  is  also  inserted  another  new 
'  theory,  for  the  pressure  or  push  of  semifluid  and  cohesive 
earth,  communicated  by  a  learned  friend,  t)r.  Young,  Fo- 
reign Seer,  to  the  Royal  Socienr. 

An  Enayon  the  Prtatcre  tftetn^tid  and  coheim  Subitanixi. 
The  resistance  opposed  by  friction,  or  adhesion,  to  the 
relatiye  motion  of  any  two  giiren  solid  or  semifluid  sub- 
stances, is  nearly  proportional  to  the  force  urging  the  sur- 
faces into  contact.  Since,  however,  this  force  must  tieces- 
sarily  be  augmented  by  the  force  of  direct  cohesion,  which 
is  proportional  to  the  extent  of  the  sur&ces  in  contact,  it 
follows,  that  a  portion  of  the  resistance  to  lateral 


h^^aa  ■*■  ir)   ^  \ 


I  fie  ■+  fi(o'  +  r")  +  4fl(j-"  +  affi    whence/ = 

tab  —  tor  —  laftd       »!.  -     1- 

—T-TT, — ^'    This  force  must  be  an- - 


in  the  I 


tion  affording  the  greatest  pressure,  and  its  fluxion 
must  vanish  ;  whence  we  have  ({a'  —  2Aj  —  ati).(x  4-  at) 
=  4a'j  -  o't  -  bi"-  iaix*;  (A  +  jrt/)  x"  -1-  {iabt  ■>■ 
oVjj  =  a'i  H-  4a'(;  i'  -t-  2ali  =.  a',  i  =  ^(a^  -t- 
<tV)-  oJ;  andifi=  0,/=  a«  [4  -»- (' ~  1^(1  +  1*)], 
Hence  it  appears  that,  as  Mr.  Prony  has  already  ob- 
served, the  angle  formed  by  the  surface  thus  determined, 
with  the  vertical  surhcc,  is  half  the  complement  of  the 
angle  of  repose,  since  ^^{1  -*-  C)  —  (  is  the  tangoiH  of 
half  the  angle  of  which  the  cotangent  is  (,  as  is  easily 
shown  by  a  trigonometrical  calculation;  and  that  this 
angle  i*  independent  of  the  magnitude  of  the  cohceive  re- 
.     -  -     sistance,  and  determined  only  by  the  frtation ;  at  the  same 

also,  10  cohMive  substances,  be  pro^rUonal  to  the-    time,  if  the  friction  vanishes,  and  the  cohesion  alone  re- 
raagnilude  of  the  surfaces  concerned,  and  independent  of    xoains,  we  have  x  =  o,  the  angle  being  ii°. 
the  direct  pressure.     The  proportion  of  the  variable  re-         b.  The  portion  of  a  semifluid  and  cohesive  substance, 
sistance,  to  the  force  on  "hjch  »  depends,  h  Aat  of  the     of  which  the  surfaces  are  horizontal  apd  vertical,  atfording 
.  the  greatest  lateral  pressure,  is  terminated  fay  a  plane, 

.  For  if  we  conceive  the  substance  to  be  divided  by  a  se- 
tond  vertical  surface,  parallel  to  the  first,  the  angular  si- 
's, ,  ,  ■  -  ,  ,  .  ,  ,  ,  -  ,  ,-  lu"ion  of  the  upper  part  of  the  oi^ue  termination,  cut 
small  :  and  the  angle  formed  by  such  a  plane,  with  the  off  by  this  surface,  will  obviously  U^orrectly  determined, 
horizon,  »  called  the  angle  of  repose  of  ihesubstance  if  consideredasaptane,  accordingto  the  principlesalmidy 
The  mutual  cohesion  oftwo  substances,  may  be  estimated  laid  down  ;  and  if  any  curved  surface  would  aflord  a 
from  the  iLickness  of  a  coat  of  one  of  the  substancfs,  g,^t„  |„,pr.i  prwsure  than  a  plane,  the  direction  of  tbi 
which  would  he  supported  by  it  in  contact  wiih  a  vcnreal  i„^„  part  of  the  ol.lique  termination,  considered  also  aa 
surface  of  tte  other;  and  buth  these  properties  may  be  «  plane, would  require  to  be  different  from  that  of  the  up- 
practically  determined,  with  respect  to  any  internal  sur-  per,  a„d  this  difference  might  h*,  exhibited  by  supposing  its 
faces  orsections  of  a  given  substance  by  raiding  a  poriion  horiaontal  extent  to  be  varied,  that  of  the  upper  portion 
of  It,  terminated  by  a  htiriiontal  and  a  vertical  sur&ce,  remaining  thesamo.  Bulin  fact,  the  determination  of  the 
until  the  angle  breaksoff,  observing  both  the  depth  and  the  di,vclion  for  this  part,  thus  considered,  will  be  precisely 
breadth  of  the  portion  ihusseparating  thesame  asfor  theiipper  part ;  since  the  pwportion  of  the 
A.  It  IS  first  requm-d  to  determine  the  angle  of  fracture  resistance  to  the  pressure  remains  the  same,  and  the  hori- 
for  a  semifluid  and  cohesive  substance,  lermiiwted  by  a  ^ontal  force  acts  nn  the  lower  part  Of  the  oblique  surface 
horizontal  and  a  vertical  surface,  and  supported  only  by  a  „i,h  the  same  increased  intensity  as  the  wcighC  the  one 
hoTi«onlal  force.           ,        ,,       .           .                    .          depending  on  the  othet;  so  thai  the  relations  of  all  the 

We  have  here  a  wedge  of  the  given  substance,  tending     force,  concerned  in  the  delermmation  remain  Dnaltered. 
to  slide  down  an  inclined  plane,  and  to  overcomeat  once         c.  To  determine  what  portion  of  a  soft  and  a<ihesive 


)  the  force  o: 

height  to  the  horizontal  extent  of  en  inclined  plai 
which  tlie  surfaces  would  begin  to  slide  on  each  other,  i 
this  resistance  only  were  concerned,  or  if  the  force  < 
weight  were  very  great,  and  the  extent  of  the  surface  vi 


iiid  to  ovcrcnmei 
tliehorizontal  pressure,  and  the  resistances  in  the  di 
of  the  plane  derived  from  the  cohesion,  and  from  the  fric- 
tion produced  by  the  sum  of  the  othir  forces;  and  wc 
are  to  determine  the  breadth  x  of  tboi  wedge,  in  which  this 
tendency  will  be  the  greatest,  its  depth  being  a. 

Now  the  weight  of  the  wedge  being  expressed  by  Juj, 
its  immediate  tendency  to  descend  along  the  inclined  plane 

xvill  be  lor.  y -,  which  will  be  opposed  by  the  hoii- 

EOntal  force/,  acting  in  a  contrary  direction,  and  reduced 

to/-7 r,  and  by  the  resistance  derived  from  three 

source* :  the  first  from  the  cohesion,  which  is  expressed  by 
i^(aa  ■*■  xx),  b  being  the  thickness  supported  by  the  la- 
teral adhesion  of  a  vertical  surface ;  the  second  and  third 
from  Ihe  two  pressures,  represented  by  j/ox  ./rz — — — . 
and  tf.    ■■— -\  where  t  b  the  tangent  of  the  angle  of 


substance,  having  a  horisontal  and  a  ix-rtical  surface,  will 
stand  alone. 

Put/  =  0,  then  ja'x  —  a*6  —  6x1  —  \atxx  =  O  ;  and 
if  t  is  given,  let  ^(1  -«-(')  —  (  be  r,  and  x  =  to,  then 
ira'  —  a^b  —  rVt  —  ^r'to*  ^  O,  and  Jro  —  J  —  r'i  — 

Ij'at  =  0,  and  n  = :=  —  .     _■      =  — ,    and 

b  =  lar;  but  if  we  observer  and  r,  we  find  t  =  — ~~, 
*  '  •  Her     ' 

and  h  ss  — 


— —-.     When  t  vanishes,  x  becomes  equal 
=  ^ :  if  (  =  1,  6  =  -10360,  it  ts:-i,b  = 


to  a,  and  b  = 
•155a. 

D.  When  the  surface  of  a  soft,  or  semifluid  and  cohe- 
sive substance,  ii  inclined  to  the  horizon,  the  portion  af- 
fording the  greatest  hnriiont&l  pressure  h  generally  ter- 
minated by  a  curve. 

We  may  suppose  the  substance  lo  be  divided  inln  ver- 
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tical  strata;  and  the  mean  depth  of  any  stratum  being  face  it  greater  thn  COuM  exbt  withovt  Ae  cohnion,  th« 

called  y,  and  the  difference  of  the  depths  of  its  two  sut-  fiuent  assunwt  a  different  form,  and  ve  roust  make  d*  a 

faces c,  we  roust  inquire  what  must. be  it*  tbickoess  »,  in  (y -t)  ■  (H- hH-h- jw.     ^^^^^  _  .  _  -'^ 

order  to  afford  the  gt*-aiest  horizonwi  thrust.     The  weight  t  +  i"  '  ""  *        (i   +  (■) .  (u  —  ij 

of  the  stratUDi  will  then  be  n-presented  by  yj ;  and  if  the        /<  +  t*     ,, ,,         «  ly  n  .  -    ■  i  .i_  » .t 

ULgen,  of  tl...l.v..io»  of  th/..po,cU„fAce,  sending  •^Itr,  •(■<    "  "^  "  7+^-     But ,.  I.  l^wn  4.1  th. 

from  its  angular  end,  be  «,  the  length  of  the  oblique  ler-  fluent  of  ^(a'  —  x*)£  is  ix^(a*  —  **)  +  ^a*  arc  sine 

minationoflhe  stratumwillbe  v/(-r' ■♦- fc +  •")")=«:  '-     h    ■  y^.  _  i 

we  have  ihen,  for  the  state  of  equilibrium,  the  equation  4  '  "^"^  '  "  *  oecomes  —  e  -  ^V.*^)  ;"(u-()' 

yx.'~^=/.-~  +  te  +  tpjr .  ■^  +  ,/.  '_±:2,and/=  ^i±£.(rf^[rf.  _,»)  +  <(.  „c  tine  ^  -  j^. 

<yt  +  Byn  -  ta  -  fyjg  _  E.  When  the  rariaUenttstiuKie  Tanishis,  the  Curve  he-  ' 

X  +  it-t-  lux     ■  comes  a  parabola. 

«y^4-«y»-to-.fec-.fa^-h«.-ty«»  ^^^        .  y^^  if  (  =  0, 1  or  -?.  becom«  s=  V 5 , 

the  flaxioD  of/ =  0,  X  only  being  variable,  we  obuin  „.    „„  ,  ^  .  _  a  i    \      ..  i 

(c,  *  S.,.  -  Sir  -  Si™  -  34A  -   2(,i)  .  (.  +  "■"""  '  *«  =  i  •(»'  *  'V  -  taj)  i   bnl  .ben 

CI  -hm)  =  (I  *  la)  .  (eji  +  wi'  -  ii"  -  ic"  -  j 

Siwf  -  inV  -  tg^',    (2»y  -  8i  -  afia"  -  3*)*  .  *  =  *>.  Jf  =  ".  and  e  »■  -  V(i   +  i^  -  *oa),  (x  + 

(1  +  «)>  *  (Sa).  -  si  -  2la>  -  SOrJi .  01  »  (<j  -  ,  ■  ^^  „ 

Siea)  .  (1  H-la)  X  ♦  (»  -  2tea) .  el «  (1  ♦«« .  (•»  -  ;«'(»*  i  "•-'«))'  =  — -*4»'- -.»  =  !:■*  ^ 

»  _  itf  -  l,K  *  (1  -►  »)    .   (ej  -  aiea)  »  •  .  «. 


(1  -t-  la) .  ic^;  and  X 


*  «■  -  ^  +  -4/(i>  *  ihui  -  fa.),  md  ^  a=  .  ^ 


(Ua.-^l.a-(. -n.l.fa        1^          ^.      j^  ^   _  v'(l  *  aa  -  |a)x- -Jj'.    In  order  to  determine  Iht 

gi                          hbt      tv      b                           t  whole  horizontal  force,  we  must  find  its  fluxion  by  sub- 

\^C(i^.^i»  -*  (»y,t-hl-'^).(n.t,))~  i-K  h.'.  «'tul'''giforT,and-jforc,intbccquationfor/,which 

Maring  thus  obtained  the  angnUr  direction  of  the  termini-  becomes —«^  -«-  vyic-^  hit  —  \>~  -^  Stay  —  &t^«;  and 

tioD  of  tbe vertical  stratum,  which  affords  the  greatest  lateral  ' 

thrust  when  the  height  is;,  we  may  proceed  to  find  what  nnce  —  j^  i/(X  -i-  t«  —  -  tOir  -^  -r'i,    we    obtain 
must  be  the  magnitude  of  jp  for  diSerent  strata,  in  order 

that  they  may  all  possess  this  property,  and  that  the  whole  the  fiuent  —g—  4^  -t-dn*  -  -  t/iX  +  iHi  —  j  «)«• 

lioriiontalforcemay  consequently  be  thegreatest  possible.  , 

For  this  purpose  we  must  substitute  ^  for-^,  x    being  "TaT*    ~    *'~    '"■  "''  •••"»»         j^  *>  —   — 

now  conndered  at  the  whole  faorisontat  tkiclcnesa,  and;  ^(j   .i.  tw  —  ^  «)  x*  -f-  Stt^  —  b^x=ig  *■  (Sm  —  S( 
the  whole  vertical  ordinate  or  depth,  as  before.     Hence 

-i=^(^(.--.";'!V!"^-;^  -')=  -2ii.-i.-.,/(i*.--^i).-— ^x-  *si,5,_ 

.      ,     Lu_(>«                      T  <)'*•  which  must  vanish  when  X  =:  0,and  y  ^d,  orr -»- 

7^  '■^Zi-'tSZ-i  ~  '>  =  rtT  '  26«  -  4.' =  0,  and  J  =  K  -  2»™--    When  ,  =  0. 

(/.:lV.'.tr)",-"-  CalV(»  *»«*(' -.),).  "e^^^^CI  *a-),.ndx  =  ^^(l*.1-5 

T^      i^pj    _     .    __  v'(I  -t- It*  —  J  u},  and  the  whole  force  is  4<>' ^  SAoH -•- 


4- («).(( - 


-v/(6  +  J«  - 


f—u              }   •     V    ~  6b 

^v             /fi  4.  to  —  (6  +  bmiS  -(t  —ui  ***"*  *'  """'  ***  **''**"*'''  '''*'  **"^"  J  "  "  'fl*"'  ^  Of 

I        0+    J-l— ")  greater  than  1 -t- a%  the  problem  becomes  impoasible,  the 

+  ((  +  *»):(<-*<).'>'-  TjTte'  «ndif  wecali  value  of  ^  becomingfirst  infinite,  and  then  imaginary.  We 

(t-ii>t  +  W-(ft  +  h«i)  ^  ^^  jj^^^  -  i  =          '■^ ,  may  take  for  an  example  the  case «  =  ^  and  a  =  104, 

\     t  +  e                                                   {1  *  iu).(t~t,)  thenr  =  2fl(v'10l  -•!)  =  ISlo,  and  the  whole  fotce 

v'*f      ,,^  ^  ptj 9_  It  ia«  -  -oao"  -».    (-Sa  -    Sa  -   -OOZu)*  -  -Ola*  - 

But  Tt  U  well  knowil  that  the  ftneot  of  ^(a'  +  **)  i  j.  aST  =  "^**'''-    W  »  =  l.  and  "  «  2i,  x  ^  v'?".  awJ 

-ix^/(«*  -f-  x")  +  40* .  HL  (r  +  ^(c^  -f.  x*)),  and  by  the  force  ^a*  ~  a*  —  ^Ztf  —  Iv^^o",  which,  being  ne- 

comparisonwiththisfiuent,we  obtain  Iheequatione—x^  K>tive,  impliea  that  there  can  be  no  separation.     In  order 

'                 r  '•*•**  ^  n/tip  ^.  tfl'\    ^  ii*Bi.l'B  to  show  how  little  the  force  thus  determined  diflen  from 

(!+(«).{(-»)    ^'i-B^   VI            «^J    ■*■  «Hi.^P+  that  which  is  afibrded  by  a  section  termiMted  by  a  plane 

//.*»  J.  ^\\  _        "y        .    ,     uri 1    _          ,  surface,  even  where  the  variable  resistance  it  supposed  to 

^(d*  +  ^))  -  -p^:^  +  e.    When,  however,  t  -  u  ^^  ^^^  ^^  ^^^  calculate,  for  the  depth  of  .,  tUhori- 

iinepitivejtbatii,  when  the  elevation  of  the  inclined  tor-  sontal  extent  x  of  a  prismatic  section  a&rdJng  the  great* 


y  Google 
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ei  prasure,  the  equation  of  tb«   forc«  »iU   tben  he       If  the  wril.  i»t«ul  of  being  wrtic«l,  b«  iodineS  lo- 


-4-  iaux  —  — '=  w»"Js  the  bank,  which  is  a  condition  highiy  favourable 

*  its  subility,  the  oblique  direcUon  of  the  thrust  mu»t  also 

htt'x,  and  whenils  "*  *"''™  '"'"  consideration,  ia  computing  its  magnitiide. 

L«t  v  be  now  the  tangent  of  the  de^^aljon  of  the  wall  from 

i««  =  0,  consequent-  'I""  ^•"'ca!''; action,  the  surfiice  of  tb«  earth  being  ho- 

'  nzontal,  and  let  *  be,  as  above,  the  whole  horiaontal  ex- 

«'  -  ^,  which,  when  KssJiiand  0=10*  '*"' "f 'he  portion  affording  the  greaiwt  thrust,  the  force- 

.„,.  .-IpAa    „u,.„„    fi,  f„„    .  .„-  ,  {^"]^  perpendicular  to  the  wall.     We  shall  then  have 

I  4fl,  whence  /  is  found  ^37^  ,  for  the  weight,  4fl(x  -  au),  acting  in   the  direction  of 


J«  — ; **■=/.  ^,  and/ =:^ 

{a*  +   laux  -  bx    ~  —  ~  Zbau 
fluxion  vanishesi 
!,?■-  = 


becomes  '51, 

which  is  not  one-fortieth  part  less  than  the  more  correct  re- 
sult of  the  former  calculatiou.     When  the  cohesion  v».    V"^  oblique  surface  s  with  the  force  ia(x  -  aa)-,  and 
nishes,    and   the  variable  resistance  alone    remains,  the  ■  .  x  * 

maximum  of  force  seems  in  all  cases  to  be  afforded  by  a    '^^"s'l'g  a   resistance  JaiCi  -  cat}-.  In  order  to  reduce 
plane  surface,  whether  the  resistance  is  horisiontal  or  noL      the  force/  to  the  same  direction,  we  must  find  the  sine 
F.    It  remains  to  be  determined,  rfhat  is  the  propor-    and  cosine  of  the'anifle  contained  by  the  oblique  surface 
tion  of  the  forces,  when  the  preasnre,  instead  of  being  h" 


■"^vn" 


rizontal,  is  supposed  to  be  oblique,  as  will  be  the^case 
when  the  surface  of  a  wall  is  opposed  to  the  thrust  of 
earth,  and  exhibits  a  lateral  adhesion  or  friction,  as  well 
as  a  direct  resistance. 

We  have  here  two  new  forces  to  be  c«nsidered,  the 
one  constant,   representing  the  adhesion  of  the  wall,  the 
other  depending  oA/the  horizontal  pressure,  both  tend- 
ing directly  to  lessiu  the  weight,  if  we  consider  the  sur- 
face of  the  wall  as  vertical.     We  may  ^till  call  the  hori- 
zontal extent  of  ibe  prismatic  portion  x,  disregarding  the    '" 
•lighiinaecuwcyof  supposingtheobliquesuriaceaplane;     .     .  _  oa 
and  V  being,  as  above,  the  tangent  of  the  elevation  of  the  A^ri  +  uu) 
exposed  surface,  the  friction  of  the  wall  being,  for  the      , 
sake  of  siaiplicity,  considered  as  equal  to  iha  internal   -^ 
friction  of  ihf.-  materials,  which  it  can  never  exceed,  and 
of  which  it  will  seldom  .faJb  short,  we  have  the  equation 
(iai:  ~  ab  -if)  "-iJS'  _  jj  _  t(^  ~ab~  tf)'~ 


2  and  the  wall,  which  are    >  " '"■  •,  and  y'fl-l?  "  "yl'l 
haYe/-  ^ 


«.)' 


xViT 


of  the  wall,/*,  being  redaced  in  asimilar  manner,  gives^ 
and   -  ^V:/fi'~»ri'    whence    we    have 


he   equation   io(i  —  au)    -  =  J 


«.(,   -    «.);* 


v-li 


(-  -  ••)  ■  (» 


■-=A«,i/= 


b+jr+   dxx 


(a  -  au)   .  {j  - 


atx  {x  -  au)  +  y 
.^  _^_  . ;  consequently 
;  this  we  in 


4((a  +  «)  • 


emay 


X)  =,     ("+«)=  efi  -H  o 


•'ln  + t«)-(U  +  !(o  +  w)  +1 
and  when  its  fluxtoo  vaiti^hesi,  (^a*  •«-  aax  —  ah%i  —2bt 
—  2o4a  -  sbu't  -qtx  +  tab)-  (2'  {a  +  u*) 

~  ilax*+labx]^^T[iau-Sib-Qku'- al)x  ->-  ia"  ~     ^^  '  erf        d.'     " 

Sabu  H-  atb]  .  Utt^-f  -t-lU  +  g^y]  =(2i«-('+  1). 
[(iat  —  i  —  Jiu'  -  ^a/)jt*  ■+■  (4au  —  abu  —  2nbu  •¥■ 
-  ia'b]  i  whence  **  +  ^,^^'„  _^  ,    t- 


and  when  its  fluxion  vanish  et,(c  -t-  Sdx)  , 


Here  b  st  —  a*u,  e  = 


'XX  ■+  2dcx^ 

4(11,  (2  =  — 


tttb)K  - 


=  2  -  2*«  +  4«i,  aiid^  =  4a( 


<aB  - 

Jt  -  aiuu  -  at)    .    (wu  _  ,(  +   J)  — 3 

"""  ■ 

ahu  —  oJ  —  9t                    .       J 

-  (2  -  2tt)  an. 

G,  It  will  now  be  easy  to  find  the  dimensions  o\f.  wall, 
capable  of  withjitanding  the  thrust  of  a  given  bank  of 
e»(th,  without  being  overturned  or  carried  away  horizon- 
tally, provided  that  we  know  the  elevation  at  which  the 

.andxmay  befound    surhce  of  the  earth  is  capable  of  supporting  itself. 

by  completing  the  square.  J'  «•  obvious  that  the  whole  pressure,  like  that  of  fluids, 

But  for  practical  use  on  a  large  itcale,  we  may  neglect  "'""',  ***  proportional  to  the  square  «f  the  depths,  no- 
the  cohesive  resistance  without  impropiiety,  its  value  g'*ciing  the  efiect  of  adhesion;  and  consequently  that  the 
being  generally  variable,  from  the  cEfecls  of  moisture  and  '^*'"^*  '^^  pressure  most  he  at  one-third  of  the  height.  We 
agitation,  so  that  it  would  be  unsafe  to  place  any  liepend-  ™^y  consider  the  specific  gravity  of  t.he  wall  as  equal  to 
"encc  on  it,  even  if  it  were,  muoh  larger  than  commonly  ''^'  °^  ^^^  Pttrlh,  which  will  in  general  allow  us  some 
happens:  wo  laay   therefore   make  J  i*  0,  and  i»  -t-     ccess  of  stability  for  the  security  of  the  work :  then  if 


=  ± 


(3(«    _ 


the  wall  be  ver[i(^l,.Bnd  its  thickuess  be  jr,  tbo  force  being 
^  ,  and  r  -«-     referred  to  the  outside  of  the  base  of  the  wall  as  the  ful- 


-^-^-  ;  whence/may  be  readily  deter- 


mined, being  equal  to  ^.  — '- 


criim  of  a  lever,  we 
overturned,.  i<(/'=s  tfy 


have,ia  order  that  it  may  not  bi 
iajg,,  and  jt'  +  ^y  =  if^= 

V'tif-'""'^)  ~'o  •  And  in  the  same  manner,  if  we  sup- 
pose the  section  of  the  wall  tobe  triangular,  its  outer 
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saiface  iH-ing  sloiicH  off.  «■■  have  {  "/  =  '/s  +  f"".  and 
I  =  ^/(}/  +  C*A^)  -  — .  »  *'«'"«  'l"*  !'''<■'">«»  " 
tbe  bottom.-  Wben  ihe  wall  is  mclinH  townrds  the  banlc, 
in  an  angle  of  which  the  wngi-nt  u  u,  /being  'n*  f"*^^* 
perpendicular  to  it.  and  f  the  horizoiiUl  thicknew  of  ihs 
wall,  the  Sotfx/  will  act  on  a  lever  of  which  the  length  ii 
.  and  Ihe  friction  (f  will  act 


and  the  weight  at  ij»  +  iau. 


at  the  distance 


■/{I  +  ««) 


whence   f/%/(l    +   1 
iaf  +  i«'»9-,  and  ji*  - 


]  PRE 

to  insure  their  stability /and  that  occasional  agitation  wHI 
very  much  diminish  the  resistance  of  almost  all  kinds  of 
materials  ;  to  nay  nothing  of  the  precaution  neccusary  to  ' 
obviate  the  effects  of  the  penetration  of  water  ;  which  will 
not  only  act  by  its  own  hydrosUtic  pressure,  but  aUo 
weaken  the  adhesion  of  the  earth  employed,  unless  a  suf- 
ficient number  of  apertures  can  be  provided  for  i^lowing 
it  to  escape, 
Tasle  ^  Ihe  Tknul  qf  Earth  againal  an  tq)righl  Wall.' 
Surface  Horisnntal. 


iA/(l  ■*■  "")•  consequently jf  =  v'[i/v'tl  + 
If  the  wall  be  not  securely  fixed  at  it!  foundat 


..for 


example  when  the  earth  is  dug  away  beyond  it,  it  may  be 
liable  to  slide  away  laterally  more  easily  than  to  be  over- 
turned. Supposing  it  simply  to  rest  on  materials  similar 
to  those  which  constitute  the  bank,  we  may  calculate  the 
thickness  sufficient  to  produce  a  resistance  equivalent  to 
the  thrust;  thus  if  the  wall  is  vMtieal,  we  must  have 
/  =  i  C*y  -*-  J»),  and  ^  =  ^  -  yi ;  but  when  the  wall 
it  inclined,  the  force/Ukes  from  the  weight  the  pordon 
y  ■-"  .—  and  the  friction  adds  to  it  only  fi  -j^^  ~, 
the  horirontal-  thrust  being  /   „  _^  ^, ;  whence 
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H.  In  the  case  of  driving  a  pile,  the  pressure  of  the  soft 
materials  is  modified  by  the  iovcriion  of  tbe  direction  of  the 
friction  of  the  vertical  surface,  which  now  acts  in  conjunc- 
tion with  the  weight  of  the  materials,  so  that^ax  -ob  —  tf 
beComes4or+a6+£fior,lfi=0,siraplyior+t/';Bnd/=i 

X  00— _au  „t,i(.|j  j,  greatest  when  #  is  laast.  and 
»  *     «+  1  '  " 

becomes  ultimately  J^>  ""<•  the  resistance  (/"  will  be 
^*  — 4-<  which  is  a  maximum  whea  u  -»-  1  =  2(,  or 
I  =  1,  being  then  ^a°;  and  in  this  case  the  resistance 
derived  froju  the  friction,  on  the  whole  of  the  lateral  sur- 
faces of  a  square  pile,  would  be  equal  to  the  weight  of  the 
earth  which  would  press  on  one  of  the  surfaces,  if  it  were 
buried  at  the  depth  to  which  its  lower  end  has  penetrated. 
There  would  however  be  other  resistances  from  the  tena- 
city prcveniing  the  rettdy  separation  of  the  earth  before 
the  pile,  which  would  perhaps  considerably  exceed  the 
friction  thus  determined. 

I,  Such  of  the  results  of  thete  calculations,  as  afe  most 
likely  to  be  of  practical  utility,  may  be  conveniently  ex- 
hibited in  the  form  of  a  table :  but  it  must  be  remem- 
bered, in  its  application,  that  some  additional  strength 
ought  always  to  be  given  to  the  works  coDccrncd,  in  order 
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TASL^t^the'Dmittofnartkasain^aWanittcUMdlamaTdt     ncarc,  which  are  at  a  greater  depth;  and  therefore  (litf 
nmAngUofu°  1^1,  qf  which  i he  Tangent  u     efforts  of  ail  the  particular  pressures  are  united  in  some 
being  horizontal.  point  E,  which  is  nearer  to  c  than  to  b  ;  and  that  point  x 

li  called  the  centre  of  pressure :  and  if  to  ihat  point  a 
force  equivalent  to  20  pounds  weight  be  applied,  it  will 
affect  the  plane  bc  in  the  same  manner  as  by  the  pressure 
of  the  water  distributed  unequally  over  the  whole;  and' if 
to  the  same  point  the  same  force  be  applied  in  a  contrary 
,  direction  to  that  of  the  pressure  of  the  water,  the  force 
and  the  pressure  will  balance  each  other,  and  by  opposite 
endeavours  destroy  each  other"*  effects.  Supposing  a  cord 
EFG  fixed  at  E,  and  passing  over  ihe  pulley  r,  has  a  weight 
of  20  pounds  annexed  to  it,  and  lhat  the  part  of  Ihe  cord 
IE  is  perpendicular  to  bc;  then  the  effort  of  the  weight 
o  is  equal,  and  its  direction  contrary,  to  that  of  the  preii» 
sure  of  the  vi-ater.  Now  if  e  be  the  centre  of  pressure, 
these  two  powers  will  be  in  equilihrio,  and  mutually  de- 
stroy each  other's  effects. 

This  point  E,  or  the  centre  of  pressure,  is'  the  same 
with  the  centre  of  percussion  of  the  plane  BC,  the  point  of 
suspension  being  b,  the  surface  of  the  water.  And  if  the 
pkde  be  oblique,  the  case  is  still  the  same,  taking  for  the 
axis  of  suspensioni  the  intersection  of 'that  plane  and  the 
surface  of  the  fluid,  both  produced  if  necessary.  See 
Cotes's  Lectures,  pa.  40,  &c. — The  centre  of  pressure  upon 
a  plane  parallel  to  the  horison,  or  upon  any -plane  where 
the  pressure  is  uniform,  it  the  same  as  Ihe  centre  of  gra- 
vity  of  that  plane.  For  the  pressure  acts  upon  every  part 
in  the  same  manner  as  gravity  does. 

PRESTET  (John),  a  priest  of  the  Oratory,  was  bom 

at  Chalons-sur-Saone,  in  l658.     He  went  to  Paris  early 

'd  life,  where,  having  finished  his  studies,  he  was  entertain- 

.thematics. 
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e  has  occurred  on  a  large  scale,  where  the 
wnll  of  a  dock  has  given  way  horizontally,  wlieO  its  mean 
thickness  was  about '230,  the  ground  having  been  dug 


away  beyond  its  foundation :  it  was  of  brick,"and  some~ 
what  curved,  being  vertical  at  the  top,  while  the  incli- 
nation of  the  chord,  or  the  mean  inclination,  was  U°  18', 
ta  is  supposed  in  the  second  table.  Hence  it  appears  that 
the  friction  -must  have  been  somewhat  less  than  J  of  the 
weight,  and  that  the  materials  would  have  stood  at  an  an- 
gle of  about  25°:  to  have  overturned  this  wall,  the  ma- 
terials must  have  exhibited  a  friction  of  about  one-third 
of  the  weight,  and  have  been  incapable  of  standing  at  a 
greater  inclination  than  about  20°, 

In  general,  it  will  bc  unquestionably  proper  tu  calcu- 
lateon  africtionnotexceeding^of  the  weighi,an<l  tomake     ^d  by  father  Malbranche,  who  taughl 


the  thickness  of  a  wall,  if  vertical,  at  least  -^  or  perhaps  j  'n  which  his  young  pupil  made  so  rapid  a  progress,  that 

ofitsheigJit,andifinclinedinanflngleof  10°orI2''jaboutf,  at  17  years  of  age  he  published  the  first  edition  of  his  Ele- 

taking  care  to  secure  the  founuation  from  sliding,to  which  mens  des  Mathematiques.     In  the  same  year  he  entered 

an^nclined   wall   will  otherwise  be  liable  if  its  thickness  the  congregation  of  the  Oratory,  and  taught  mathematics 

be  less  than  ^,  though  a  vertical  wall  would  be  safe  in  ">th    much    reputation,  particularly  at- Angers  and    at 

this  respect  if  its  thickness  were  sufficient  to  secure  it  Nantes.     B;U  he  died  in  I600,  at  32  years  of  age. — His 

Irom  being  overturned.  The  disposal  of  a  part  of  the  ma-  Elemens,  above  noticed,  contain  many  curious  problems:: 


teriftls  of  the  wall  in  the  form  1 
will  add  to  the  strength 
respect  to  the  danger  of 
which  is  a  considecabla  co) 
tends  in  aslight  degree  to  I 
lo  sliding,  and  makes  it  > 


itcrforls,  or  buttresses, 
lither  case,  especially  with 
erlurning:  the  curvature, 
lience  in  the  case  of  adock, 

:n  the  stability  w 
necessary  ti 


the  best  edition  is  that  of  16S9,  in  2  vols.  4te, 

PRICE  (Richard),  d,  d.  and  >.  a.  s.  was  born  in 
Glamorganshire  in  1723,  and  died  in  1791.  about  6S  years  . 
of  age.  He  received  bis  education  in  a  private  academy, 
«ith  respect  sl^er  which  he  becMne  minister  to  a  congregation  aiNewing- 
:o  attend  to  ton,  in  Midd:lesex  ^whence  hercniovedto  thatof  Hackney, 
the  security  of  the  foundation.  On  the  other  hand,  when  He  was  also  lecturer  of  the  meeting-house  in  the  OldJewry, 
'  we  have  an  opportunity  of  ascertaining,  by  a  simple  ex-  'n  Louden.  In  1764  he  became  t.  b.  s.  and  d,  d.  by  a  di- 
peiiraent,  the  utmost  Ruidity  that  can  be  communicated  ploma  from  a  Scotch  university.  At  the  timeof  the  Ame- 
by  accidental  moisture  to  a  chalky  or  gravelly  soil,  these  ricanwar  he  made  himself  conspicuous  by  his  zeal  in  the 
calculations  may  often  justify  us  in  saving  a  very  great  cause  of  liberty,  which  he  also  displayed  on  several  other 
expense,  by  proportioning  the  strength  of  the  works  to  the  occaiiotis :  and  for  the  publication  of  his  Observaiions  on 
object  required  to  be  attained  by  them.  Liberty  and  Civil  Government,  he  had  the  thanks  of  the' 

Centre  of  i'aBssuRB,  in  Hydrostatics,  is  that  point  of  city  of  Lond6n.  Among  many  other  learned  accomplish- 
any  plane,  to  which,  if  the  total  pressure  were  applied,  its  menis.  Dr.  Price  was  no  mean  mathematician,  which  en- 
effect- upon  the  plane  would  be  the  same  as  when  it  was     abted  him  to  treat  with  peculiar  precision,  the  calculations 


distributed  unequally  over  the  whole;,  or  it  is  that  point 
in  which  the  whule  pressure  may  be  conceived  to  be  uni- 
ted ;  or  it  is  that  point  to  which,  if  a  force  were  applied 
equal  to  the  total  pressure,  but  with  an  opposite  direction, 
it  would  exactly  balance,  or  restrain  the  effect  of  the  pres- 
sure, so  that  the  body  pressed  oa  would  not  incline  to  either 
side.  Thus,  if  abcd  (2d  fig.  above)  be  a  vessel  of  water, 
and  the  side  bc  be  pressed  upon  with  a  force  equivalent 
to  20  pounds  of  water,  this  force  is  unequally  distribOt^ 
«vcr  BC,  for  the  parts  near  ~         '  .     ,        ., 

Vol.  II. 


dating  to  political  arithmetic,  population,  annuities,  &c.- 
It  is  even  said  that  he  had  the  honour  of  suggesting  to  the 
late  prime  minister,  Mr.  Pitt,  the  measure  of  the  present 
sinking  fund,  to  extinguish  the  national  debt,  by  the  allot- 
ment of  an  annual  million  to  accumulate  at  compound 
interest.  Dr.  Price's  principal  works  are:  1.  Four  Dis-  ' 
sertations  on  Providence  and  Prayer ;  on  the  Importance' 
of  Christianity,  &c.  2.  A  Review  of  the  principal  Ques- 
tions and  Difficulties  in  Morals.  3.  Observaiions  on  Re' 
less  pressed  than  those     versionary  Payments,  Annuities,  &C,  2  vols,  8vo.     4.  Dis-: 

2H. 
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cussion  of  the  Doctrinw  uf  Malcriattsin  and  Neceuily,  Jn     lieveJ  to  be  true  he  thought  it  his  duty  to  propagate,  with- 
«  correspondence  with  Dr.  Priwtley.    5.  E*My  on  the  Po-         "   ""  .  .       ■ 

puUtion  of  llnglanil  and  Watn.  tj,  A  vuiume  of  Sermons. 

PRlESTLliY  (Joseph),  LL.».  and  f.  r.  a,  was  borti 
on  March  13,  1733,  at  Field-head,  in  the  parish  of  Bir- 
stall,  in  the  west-ridiiig  of  Yorkshire.  His  father  was  ctin- 
Ci-'rned  in  the  cloth  manufacture,  and  intended  his  son  Jo- 
Kph  also  for  trade,  but  was  induced  to  change  his  mind 
by  the  youth's  early  attachment  to  reading  and  literary 
pursuits.  Aficr  a  pretty  extensive  course  of  classical  stu- 
dies, at  19  years  of  ^e  he  entered,  as  a  divinity  student, 
the  academy  of  DavenCry,  under  Ur.  Ashworth,  as  succes- 
sor of  that  kept  by  Dr.  Doddridge  at  Northampton.  He 
then  ofiiciated  for  some  years  as  a  minister  at  different 
places  :  and  in  1761  joiued  the  'academy  of  Warrington, 
as  a  lecturer  in  belles  lettres;  where  his  Biographical  and 
Historical  Charts  appeared,  as  also  his  writings  on  sub- 
jects of  history,  general  politics.  Sic  :  and  here,  in  176T, 
was  published  his  History  of  Electricity.  In  1770,  Dr. 
Priestley  accepted  the  situation  of  domestic  librarian  to 
the  earl  of  Shelburne,  or  rather  his  literary  and  philoso- 
phical companion,  in  the  hours  that  could  be  devoted  to 
such  pursuits.  His  "  History  and  Present  State  of  Disco- 
veries relating  to  Vision,  Light,  and  Colours,"  in  3  vols. 
4to,  appeared  in  1 772 ;  which  may  be  considered  as  ( 


out  any  regard  to  his  own  interest  or  lh«  prejudio 
mankind ;  but  being  overpowered  by  calumny  and  oppres- 
sion, he  was  compelled  to  seek  a  residence  among  strangers, 
anJ  leave  his  principles  and  character  to  the  impartial 
Judgment  of  posterity," 

PRIMARY  Planeu,  are  those  which  revolve  round  the 
sun  as  a  centre.  Such  are  tbc  planets  Mercury,  Venus, 
Term,  {ihe  Earth,)  Mars,  Vesta,  Juno,  Pallas,  Ceres,  Jupi- 
ter, Saturn,  and  Herschcl,  &c.  They  are  thus  called,  in 
contradistinction  from  the  secondary  planets,  or  satellites, 
which  revolve  about  their  respective  primaries.  See 
Pl*wet. 

Prime  and  Ultimate  Katios,  a  method  invented  hy 
sir  Isaac  Newton,  at  once  to  avoid  the  teJiousness  of  the 
ancients  and  the  inaccuracy  of  the  moderns.  The  founda- 
tion of  this  method  is  contained  in  the  first  lemma  of  the 
first  book  of  the  Principia.— This  lemma  may  be  thus  ex- 
plained. Let  there  be  two  quantities,  one  fixed  and  the 
other  varying,  so  related  to  each  other,  that,  1st,  the  vary- 
ing quantity  continually  approaches  to  the  fixed  quautity ; 
2d,  that  the  varyijig  quantity  never  reaches  or  can  pus 
beyond  the  fixed  one;  3dly,  that  the  varying  quantity  ap- 
proaches nearer  to  the  fixed  one  than  by  any  assigned  dif- 
then  is  such  a  fixed  quantity  called  the  irn 


part  of  a  general  history  of  the  philosophical  sciences;  and  the  varying  one  ;  or,  in  a  looser  way  of  speaking,  these 

which  indeed  proved  the  last,  as  the  encour^ement  of  quantities  may  be  said  to  be  ultimately  equal  or  in  a 

this  work  fell  far  short  of  that  of  the  History  of  Elcctri-  ratio  of  equality. 

city.     In  1775  came  out  his  "  Examination  of  Dr.  Reid  On  this  subject,  see  Newton's  Principia,  lib.  1 ;  Smiik'i 

on  the  Human  Mind  ;  Dr.  Beattie  on  the  Nature  and  Im-  Fluxions;  Ludlam  00  Ultimate  Ratios;  &c. 

mutability  of  Truth;  and  Dr.  Oswald's  Appeal  to  Com-  PRIMES,  denote  the  first  divisions  into  which  some 

moo  Sense."     In  1777,  "  Disquisitions  relating  to  Matter  vrhole  or  integer  is  divided.     As,  a  minute,  or  prime 

and  Spirit."     And  soou  after,  his  correspondence  with  Dr.  minute,  the  6uch  part  of  a  d^ree  ;  or  the  first  place  of  de- 

PritK,  relative  to  the  same  points.     In  several  volumes  of  cimals,  being  the  10th  parts  of  units;  or  the  first  division  of 

the  Philos.  1'ransj,  as  well  as  in  separate  publications  of  his  inches  in  duodecimals,  being  the  12th  parts  of  inches;  &c. 

own,  are  seen  his  numerous  papers  on  discoveries  relating  PniMB  Numien,  are  those  which  can  only  be  measured 

to  aeriform  fluids,  and  other  chemical  subjects ;  besides  by  unity,  or  exactly  divide/l  without  a  remainder,  1  being 

many  others  on  iheo logy.  the  only  aliquot  part ;  as  2,  3,  5,  7,  H, '3, 17,  &c.   And 

Dr.  Priestley's  engagement  with  lord  Shclhurne  having  they  are  otherwise  called  Simple  or  Incomposite  numben. 
ceased  in  I7B0,  he  accepted  the  office  of  pastor  to  a  con-  The  peculiar  property  of  prime  numbers,  as  to  their 
gregation  at  Birmingham;  whence  soon  after  iaiued  soma  forms,  the  method  of  finding  them,  and  the  many  col- 
of  the  most  important  of  his  theological  works;  from  lateral  truths  that  have  been  derived  from  the  investiga- 
which  arose  several  controversies  on  such  topics,  with  Dr.  tions  of  those  properties,  have  rendered  them  deserving  of 
Horsley  and  other  learned  men.  Dr.  Priestley  remained  the  particular  attention  of  mathematicians;  end  acrord- 
at  Birmingham  till  17P1,  when  his  bouse  and  library  were  ingly,  we  find  some  of  the  most  celebrated  analysts  of  mo- 
burnt,  with  many  others,  in  a  popular  commotion  in  that  dern  times  have  bestowed  on  the  theory  of  those  numbers 
place.  After  some  little  time  an  invitation  to  succeed  Dr.  many  elaborate  and  ingenious  investigations;  among 
Price,  in  a  congregation  at  Hackney,  gave  him  a  tempo-  whom,  those  who  have  more  particularly  distinguished 
tary  residence;  till, in  I79^,hesailed  for  North  America,  themselves,  are  Bachct,  Ferroat,  Euler,  Lagrange,  Le- 
where  he  settled  at  the  town  of  Northumberland,  in  the  gendre,  and  Gauss  ;  the  united  efibrts  of  these  celebrated 
state  of  Pennsylvania,  for  the  remainder  of  his  life;  and  authors  to  any  particular  subject,  cannot  fail  of  giving  it 
where  be  died  the  pth  of  February  1804,  at  nearly  71  considerable  importance  in  theopinion  of  mathematicians, 
years  of  age,  at  the  same  time  that  we  may  expect  from  their  combined 

The  following  has  been  given  as  a  truecharacter  of  Dr,  and  concenLratedi  labours,  that   many  interesting  truths 

Priestley. — "Ibeg  you  will  insert  the  following  faithful  have  jaeen  the  reward  of  so  much  laleot  and  ingenuity, 

portrait  of  a  man  whose  character  has  been  grossly  mis-  It  would  be  contrary  to  the  plan  of  this  work  to  enter 

represented  by  interested  enemies,  and  misconceived  by  a  at  any  length  into  the  investigations  above  alluded  jo,  but 

deluded  public — He  was  a  patient,  indefatigable,  acute,  the  result  of  them  will  no  doubt  be  acceptable  to  the 

and  judicious  experimental  philosopher;  ^candid,  bold,  reader;  we  shall  therefore  content  oursetvw  with  record- 


and  unguarded  disputant  in  theology ; 
lous  Christian,  aserious  and  rational  preacher  of  the  prac- 
tical morality  of  rejigion— but  without  the  least  pretension 
to,  or  affectation  of,  oratorical  ornaments.  His  mind  em- 
braced the  whole  extent  of  the  knowledge  and  literature 
inhiscluset:  hut  in  the  affairs  of  the  world,  he  was  a  plain, 
voiuformed,  unftccomplitbed>  honest  man.  What  he  be- 


of  the  most  important  of  those  propositions,  re- 
ferring for  their  inveiitigatiuns  and  demonstrations  to  the 
authors  above  ijuolcd,  via,  Bachet's  Diophantus  published 
in- 1621,  and  his  work  entitled.  Problems  plaisans  et  de- 
lectablcs  &c  i  Fermat's  rdition  of  Sachet's  Diophantus, 
with  notes,  published  in  l670;  Ruler's  Algebra  published 
in  German  1770,  and  since  translated  into  the  Russian, 
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Fieoch,  and  Eugliih  languages,  with  the  additions  by  La- 
grauge,  on  the  same  subject  i  also  to  the  Analysis  InGni- 
^iruin  or  the  same  author,  and  more  particularly  to  the 
Petersburg  Acts,  which  contain  many  of  the  ingenious  la- 
bours of  this  celebrated  gcomeier  j  l^gfatige's  addiiions 
tt>  Euter's  Algebra  above  quoted,  and  to  the  Berlin  Mc- 
^  IQoin  from  ITSO  for  several  years.  But  the  most  elabo- 
rate and  connected  works  on  the  subject  of  numbers  are 
those  of  Legendre,  entitled  Lssai  sur  la  Tbeorie  dea  Nom- 
bKS,  HCond  edition,  published  in  iSOSi  and  the  Disqui- 
siliones  ArithmeticK  by  M.  Gauss,  published  at  Leipsick 
ialSOl,  and  since  (18i>7)  translated  into  l^»nch  by  Poulet 
Delisle,  under  the  title  of  Hechercbes  Arithmetiques. 

In  these  works  the  reader  will  find  the  subject  of  num- 
bers handled  in  the  most  masterly  manner,  many  parti- 
cular properties  of  the  prime  numbers  accurately  detnoii- 
Itrated,  and  their  applications  to  various  parts  of  the  In- 
determinate and  general  Analysis. 

Every  prime  number,  greater  than  2,  is  of  one  of  the 
forms  4n  +  1,  or  4n  —  1. 

Every  prime  number,  greater  than  3,  is  of  one  of  the 
forms  6n  -*■  1,  or  6n  ~  1, 

And  as,  in  the  former  case,  n  may  be  either  even  or  odd; 
it  therefore  follows,  ihatevery  prime  number,  except  2,  is 
of  one  of  the  forms  in  ■*-  1 ,  8n  -<-  3,  8n  -t-  5,  or  8n  +  7. 
In  the  same  manner  we  may  divide  prime  numbers  iiita 
classes  according  to  any  modulus  at  pleasure,  but  the  la^l 
foDT  forms,  in  which  are  included  the  first  two  forms 
4»  -<-  1  and  4)i  —  1,  are  those  which  are  found  to  pot- 
sesB  the  most  distinct  properties. 

But  though  every  prime  number,  excepts,  it  contained 
in  one  or  other  of  these  fo^ur  forms,  the  convei«e  of  the  pro- 
position is  not  true,  namely,  that  every  number  in.  those 
larms  is  a  prime  number.  Indeed  no  formula  has- yet 
been  discovered  that  belongs  exclusively  to  prime  numbere, 
nor  has  any  direct  rule  been  given  for  finding  them,  or  for 
ascertaining  whether  a  given  number  be  prim*  or  not;. 
Enler  has  however  considerably  simplified  the  method  of 
trials,  in  this  latter  case,  by  means  of  the  difierenb  forms 
of  divisors  that  belong  td  certain  algebraical  formulm; 
thus,  he  has  shown,  in  the  Berlin  Memoirs  for  1773, 
thai  A  =  2"  —  1  can  have  no  divisors  excapt  numbers 
of  the  forrnS48ii  -f  1,  or  846>>  ■*■  63;  and  having  made 
trials  of  all  the  prime  numbera  in  those  forms,  less  than 
46339,  t'>B  ■'"M  of  the  number  a,  and  finding  that  noik^ 
of.lhem  divided  a,  he  thence  confidently  concludes  that 
Si"  ~  I  =s  2147483647  is  a  prime  number :.  and  this  i* 
4he  greatest  of  those  that  have  been  verified  at  present. 

It  is  needless  to  observe,  that  without  some  method 
similar  to  the  one  abore  given,  we  should  have  no  means 
of  ascertaining  whether  the  number  was  prime  or  not,  but 
by  trying  every  prime  number  for  a  divisor  from  I  to  v^a, 
that  is,  from  I  to  46339)  which  would  be  too  laborious  a 
task  for  any  one  to  have  attempted. 

Fermat  had  asserted  that  both  {*'  —  1  and  S"  —  1 
were  prime  numbers,  but  Euler  has  shown  that  this  last 
may  be  decomposed  into  the  Actors  3.5- 17-«57'65537. 
Eratosthenes  invented  a  method  of  finding  those  num- 
bers, but  it  is  rather  mechanical  than  analytical ;  this  is 
eenerally  spoken  of  under  the  appellation  of  Eratosthenes' 
Sieve,  or  (he  Sieve  of  Eratosthenes,  a  description  of  whicb 
is  given  under  that  article.     See  Sieve. 

Propertiet  of  Prime  Numbtrt. 
Every  prime   nujnber,   4n  -i-  I*   is  the  snm  of  two 
squares,  or  is  of  the  form  g'  ■+■  «*.    Thus  17  =  4*  >«-  1'  > 
as  =  S»  +  a*;  37  =*  6*  +  1 ,  &e. 
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Every  prime  number,  8fi  ■*■  1,  is  at  the  same  time  of 
the  three  forma  x*  +  jr",  x"  +  jy*,  and  **  -  Su*.  Thus 
41  =  5'  -(.  4«  =  3»  -t-  2-4'  =  7*  -  2.2'. 

Every  prime  number  8it  -»-  3,  is  of  the  form  j'  -•-  2*'. 
Thus  43  =:  5*  +  2.3',  and  Sp  =  3'  +  2.3«,  &c. 

Every  prime  number,  8n  -h  /,  is  of  the  form  j*  -  Sy*. 
■l^hui  31=7'-  2.3'  and  47  =  7'  -2.1%  &c. 

The  demonstrations  of  these  four  theorems  were  first 
given  by  Lagrange,  in  the  Berlin  Memoirs  for  1775; 
they  may  also  be  found  in  the  notes  subjoined  to  the  se- 
cond English  edition  of  Euler's  Algebra.  It  is  likewise  to 
Lagrange, that  we  are  indebted,  if  not  for  the  demonstra- 
tion of  the  properties  contained  in  the  following  table,  at 
least  for  pointing  out  the  method  that  led  to  them,  as  is 
ingenuously  acknowledged  by  Legendre,  at  pa.  286, 1st  edi- 
tion, and  at  pa.  263,  2d  edition  of  his  Theory  of  Numbers, 
whence  this  table  is  extracted. 

Table  qfthe  Formt  qf  prime  Numbera. 


PriniB  NumlKw. 

Form..        . 

1 

*l  -h   1 

/-H    «' 

2 

67,    +     1 

?-K^.-..^ 

3 

8n  +  1,  7 

y^  -  2«* 

4 

8n  +  ],  3 

/  +  2«« 

3 

1S»  +  1 

y-  3i« 

6 

]2>>  H-  11 

ay-^ 

7 

14«  +  1,  S,  M 

y  +  7s'     ■ 

8 

20»  +  1,  9,  11,  19 

y'-sx" 

9 

20»  +  1,  9 

?  +  is' 

10 

20n  +  S.  7 

V  +  2m  +  3«« 

ll 

24n  +  1,  19 

y-^* 
^*-,. 

12 

24»  -».  5,  25 

.   13 

24»  +  5,  1 1 

2>'  +  3a* 

14 

24»  -^  1,  7 

y-i-6.' 

15 

28n  +  1,  p,  25 

>•  -  7*\ 

16 

381  +  3,  19,  27 

7X'  -  i* 

17 

30»  ■*■  I,   19 

ir  f  15s* 

18 

son  -h  17,  23 

sy  +  5s' 

19 

40B  +  1,  9,  31,  39 

y  -  los' 

SO 

40b  +  3,  13,  37,  37 

2y  -  3s' 

21 

40a -t-  1.  9,  11,  19 

y  +  ios» 

22 

40»  -h  7,  13,  23,  37 

2y-H  51* 

23 

ISOn  +  11,  29,  59,   101 

bf  +  6,' 

24 

120a  +  13,  37.  43,  67 

loy  +  3s' 

25 

120n  +   1,  31,  49,  79 

t  +  30s* 

26 

120n  -h  17,  23,  47,   113 

2y  +  15s' 

Beside  the  properties  of  prime  numbers  above  enume- 
rated, and  those  which  are  given  under  the  article  Nuif- 
iBa,  we  hove  another  to  notice,  the  discovery  of  which 
has  been  the  admiration  of  every  mathematician  in  Europe, 
namely,  the  solution  of  the  equation  ["—1=0,  wheik 

The  first  investigation  and  demonstration  of  this  pro- 
blem WHS  pulilttlied  by  M.  Gauss,  in  his  truly  ingenious, 
work  entitled  Disquisitiones  Arithmetics;  though  it  seems 
that  Vandermonde  had  asserted,  in  the  Memoirs  of'th'e 
Academy  of  Sciences,  nt  Paris  in  177 1,  pa.  4l6,  but  with- 
out ex  plaiaing  the  method,  that  lucheqnations  were  always 
resolvable'  by  means  of  equations  of  inferior  degrees.  It  is 
however  to  A(.  Gauss  that  we  are  indebted  fur  the  complete 
development  of  this  intepesting  theorem,  he  having  shown, 
in  the  most  satisfactory  manner,  that  when  n  is  a  prima 
number,  and  (n  —  1)  is  resolved  into  its  prime  factors 
a'  h^  cr  &c,  that  the  solution  of  the  equation  i"  —  1  =# 
mxv  be  obtained  by  means  of  a  equations  of  the  dcgtea  a, 
2  H  2 
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^of  tbe  degree  6,  y  of  the  degree  c,  &c;  thui  the  equa-  therefore  the  circle  may  be  divided  into  equal  parts  re- 

tion  jc"  —  1  =  0,  (73  —   1  being  equal  to  3*'2^)  is   re-  presented   by   ihe  three   consecutive  numbers  15,  16  ftnd 

solved  by  means  of  two  equHtioDS  of  the  third  degree,  and  17  ;   the  same  h  also  true  of  the  three  numbers  255,  SS6, 

three  of  the  second  ;  and  x"  -   1  ac  0,  (as  18  r=  3''2')  and   257.    since  255  =  3   k    5    x    17;   256  =  2  ,    and 

is  resolved  by  meansoftwocubic,  andonequadraticequa-  25?  =  2»  -t-  1 ;  also  of  the  three  63535,  65536,  and 

tion.    And  hence  it  follows,  that,  when  n  =  2"  +  1  that  65537,  because  65535  =  255  n   257,  65536  =  2",  and 

ihe  equation  t"  —  1  =  0  may  be  resolved  by  means  of  m  65537  =  2'* -i-   1.      But  as  2"  -i-  1  is  not  a  prime,  we 

quadratic   equations,    in   which   case  the   roots  may    be  cannot  pursue  this  reasoning  any    farther,     i^ee  Gauss's 

found  by  construction,  and  consequently  the  circle  may,  Disquisitiones    Arithmetics,    Legendre's     Esiai    sur-  la 

witji  such  values  of  n,  be  divided  into  n  equal  parts  by  Theorie  des  Nombres,  2d  Edition,  and  the  Complement 

means  of  ihe  scale  and  compasses  only,  which  was  always  to  Lacloix's  Algebra. 

thought  to  be  impossible  till  the  appearance  of  the  work  The  following  Table  contains  all  the  prime  numbers; 

above  mentioned.  and  all  the  odd  composite  numbers,  under  10,000,  with 

Since  17  is  a  prime  number  of  this  form,  that  is,  17  =  the  least  prime  divisors  of  tbe^^ ;  the  description,  nature, 

2*  -H  1,  iberefore  a  circle  may  be  divided  geometrically  and  use  of  which,  see  immediately  following  the  table. 
iQto  17  equal  parts;  and  since  15  =:  3  x  5,  and  l6  =  2*, 

A  Tabkqf  Prime  aitd  Composite  Odd  Nwrlbers,  under  10,000. 
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A  Table  ttf  Prime  and  CompotUe  Odd  Numberi,  under  10,000. 


y  Google 


A  ThUe  ^  J>rMM  and  Canqtonu  Nmibers,  tmJ^  10,000- 


iS  89  70  7  i  72  73  74  75  78  77  78  79  BO  Bl  B2  B3 


U85  B6B7S8BB40  91  92  93  94  35  96  07  BS  9» 


,  Google 


In  (be  foregoing  table,  all  the  odd  nunbefs  that  end  Lpndon  in  1747.  And  »  mnch  more  exteimTe  fableof  this 
vjth  5  are  omitted,  because  it  is  knowrfthatS  is  a  divisor,  Itind  is  pven  in  tbe  seco;]d  edition  of  Vega's  tables,  where 
T  aliquot  part  of  every  such  nuraber. — The  tliipoiition  of    alto  is  a  table  of  all  prime  nuiiibers'to  400,000. 


the  prime  and  composite  odd  numbers  in  this  table,  is 
along  the  top  line,  and  down  the  first  or  left-hand  column; 
while  their  least  prime  divisors  are  placed  in  the  angles  of 
meeting  in  the  body  of  the  page.  Thus,  the  figures  along' 
the  top  line,  viz,  0, 1,  2, 3<  4,  &c,  to  99i  ere  to  many  hun- 
dreds; and  those  down  the  first  column,  from  1  Io99a1so> 
are  units  or  onesj  and  the  former  of  these  set  before  the 
latter,  make  up  the  whole  number,  whetherit  be  prime  ot 
composite;  just  like  ibe  disposition  of  tbe  natural  num- 
bers in  a  table  of  logarithroi.  Thus  ihe  l6  in  the  top  line, 
joined  with  tbe  19  in  the  first  column,  makes  the  number 
1619:  thenngleof  their  meeting,  vjx,  of  the  column  under 
16,  and  of  Ihe  line  uf  t9,'being  blank,  shows  that  the  num- 
ber 1619  has  no  aliquot  part  or  divisor,  or  that  it  is  a 
prime  number.  In  like  manner,  all  the  other  numbers 
are  primes  thtit  have  no  figure  in  their  angle  of  meeting, 
as  the  numbers  41,  401,  919,  ice  But  when  the  two 
parts  of  any  number  have  some  figure  in  tbeir  angle  of 
meeting,  that  figure  is  the  least  divisor  of  the  number, 
which  in  therefore  not  a  prime,  but  a  composite  number: 
to  301  has  7  for  its  least  divisor,  and  603  has  11  for  its 
least  divisor,  and  l633  has  23  for  its  least  di 

Hence,  by  the  foregoing 
at  sight  all  the  prime  numbers  up 


E  Vertical,  is  that  vertical  circle,  or  aiimuth,  which 
is  perpendicular  to  tbe  meridian,  and  passes  through  the 
east  and  west  points  of  tbe  horiion. 

Prime  Veriicait,  in  Dialling,  or  Vniiti'Vertical  Dials, 
are  those  that  are  projected  on  tbe  plane  of  the  prime  ver- 
tical circle,  or  on  a  plane  parallel  to  it.  These  are  other- 
wise called  direct,  erect,  north,  or  south  dials. 

Peimk  Iff  the  Moon,  is  the  new  moon  at  her  first  appear^ 
ance,  for  about  3  days  after  her  change.  It  means  alto 
the  GoLDEK  Number;  which  see. 

PRIMUM  Mobile,  in  the  Ptolemaic  Astronomy,  is  sup- 
posed to  be  a  vast  sphere,  whose  centre  is  that  of  the  world, 
and  in  com[>ariton  of  which  the  earth  is  but  a  point.  This 
they  describe  as  including  all  other  spheres  within  it,  and 
giving  motion  to  ihem,  turning  itself  and  all  the  rest  quite 
round  in  24  hours.  ' 

PRINCIPAL,  in  Arithmetic,  or  in  Commerce,  it  the 
sum  lent  upon  interest,  either  simple  or  compound. 

PkikCipal  Point,  in  Perspective,  is  a  point  in  the  per- 
spective plane,  upon  which  falls  the  principal  ray,  or  line 
from  the  eye  jierpendicular  to  tbe  plane.  This  point  is  in 
the  iaterseciion  of  the  horisontal  and  vertical  planet ;  and 
immediately  known  is  also  culled  the  point  of  sight,  and  point  of  the  eye,  or 
10,000;  and  hence     centre  of  the  picture,  or  again  tbe  point  of  concurrence. 


e  readily  found  all  tbe  divisors  or  aliquot  parts  o!  Pkikcipal  Bay,  in  Perspective,  is  that  which  pastes 
tbe  coroposile  numbers,  namely  in  this  manner:  Find  the  from  tbe  spectator's  eye  perpendicular  to  tbe  picture  or 
least  divisor  of  the  given  number  in  tbe  table,  as  above;  perspective  plane,  and  to  meeting  it  in  tbe  principal  point, 
divide  tbe  given  number  by  this  divisor,  and  coniider  the  PRiNGLE  {Sir  John),  Baronet,  the  late  worthy  pre- 
qiiotient  as  another  or  new  number,  of  which  find  the  least  sidcnt  of  the  Royal  Society,  was  born  at  Stichel- house,  in 
divisor  also  in  the  table,  dividing  the  said  quotient  by  this  tbe  county  of  Roxburgh,  North  Britain,  April  10,  1707< 
last  divisor;  and  so  on,  dividing  always  tbe  last  quotient  His  father  was  Sil'  John  Pringle,  of  Sticbel,  Bart,  and  bis 
by  its  least  divisor  found  in  the  table,  till  a  quotient  be  .mother  Magdalen  Elliott,  was  sister  to  Sir  Gilbert  Blltot^ 
found  that  is  a  prime  number ;  then  are  tbe  laid  divisors  of  Slobs,  Baronet.  He  was  the  youngest  of  several  sons, 
"and  the  last  or  prime  quotient,  all  the  simple  or  prime  di-  three  of  whom,  betides  himself,  arrived  to  years  of  roalu- 
visors  of  the  first  given  number ;  and  if  these  simple  divi-  rily.  After  receiving  his  grammatical  education  at  home, 
sort  be  multiplied  together  thus,  vis,  every  two,  and  every  he  was  sent  to  the  university  of  St.  Andrews,  where  having 
three,  and  every  four,  &c,  of  them  tt^ether,  the  several  tiaid  some  years,  be  removed  to  Edinburgh  in  I7S7',  to 
products  will  make  up  the  compound  divisors  or  aliquot  study  physic,  ibat  being  the  profession  which  he  now  de- 
parts of  the  first  given  number;  noting,  that  if  the  given  termined  to  follow.  He  staid  however  only  one  year  at 
number  be  an  even  one,  divide  it  by  3  till  an  odd  number  Ediuburgb,  being  desirous  of  going  to  Leydcn,  which  was 
come  out.  then  the  most  celebrated  school  for  medicine  in  Europe. 
For  example,  to  find  all  the  divisors  or  component  fac-  Dr.  Bocrhaave.who  bad  brought  that  university  into  great 
tnrs  of  the  number  2 10.  This  being  an  even  number,  di-  reputation,  was  considerably  advanced  in  years,  and  Mr. 
viding  it  by  2,  one  of  its  divisors,  gives  105;  and  this  end-  Pringle  was  desirous  of  benefiting  by  that  great  man's  lec- 
ing  with  j, -dividing  it  by  5,  another  of  its  factors,  gives  tures.     Alt^r  having  gone  tbrough  his  proper  cours 


;  and  the  least  divisor  of  21,  by  the  table  is  3,  the  quo- 
tient from  which  is  7;  therefore  all  Ibe 
prime  or  simple  factoid  of  the  given  num- 
ber, areS,  3,5,7-  Set  these  therefore  down 
in  the  first  line  as  in  the  margin;  then 
multiply  the  2  by  the  3,  and  set  the  pro- 
duct 6  below  tbe  3 ;  next  multiply  the  5 
by  all  that  precede  it,  viz,  3,  3,  6,  dhd  set 
the  prodi^cts  below  tbe  S;  lastly  multiply 
the  7  by  all  the  seven  factors  preceding  it, 
and  set  the  products  below  tbe  7;  so  shall 
we  have  all'tbe  factors  or  divisors  of  the  given  number     Civis;  agreeably 


2  3 

b 

7 

-  6 

10 

14 

15 

21 

30 

43 

' 



S5 

70 

lOfi 

210 

of 
studies  at  Li-yden,  lie  was  admitted,  in  1730,  to  his  doctor 
of  physic's  degree;  upou  which  occasion  his  inaugural 
ditseridtion,  De  Marcore  Senili,  was  printed.  On  q  '''*'ng 
Leydcn,  Dr.  Pringle  retomed  and  settled  at  Edinburgh  at 
a  physician,  where,  in  1734,  he  was  appointed,  by  the  ma- 
gistrales  and  council  of  the  city,  to  be  joint  professor  of 
pnei^alics  and  mOral  philosophy  with  Mr.  Scott,  during 
this  gentleman's  life,  and  sole  professor  after  hit  decease ; 
being  also  admitted  at  the  same  time  a  member  of  tbe  uni* 
versity.  In  discbaiging  the  duties  of  this  new  employ- 
ment, his  text-book  was  PufiendorflfDe  Officio  Hominisct 
the  method  he  pursued  through  life. 


219,  which  are  these,  vii,  wf  making  fact  and  experiment  the  basis  of  science. 

2,3,  5,  6,  7,  10,  14,  15,21,30,35,  42,  70,105.  Dr.  Pringle  continued  in  the  practice  of  Physic  atlEdin- 

A  table  containing  every  divisor  of  every  number  from  bnigh,  and  in  duly  performing  tbe  ofiice  of  professor,  till 

1  to  10,000,  wsi  given  by  Anjema,  and  was  repriBted  in  1743,  when  be  was  appointed  phyucian  to  the  earl  of  Stair, 
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nho  then  commanded  the  British  army.  By  tUe  interest 
of  this  nobleman.  Dr.  Pringk  was  constituted,  the  same 
year,  physician  to  the  military  hospital  in  Flanders,  with 
&  salary  of  20  shillings  a-day,  and  the  right  to  half-pay 
for  life.  On  this  occasion  he  was  permitted  to  retain  hii 
professorship  of  moral  philosophy ;  two  gentlemen,  Messrs. 
Muirhead  and  Cleghorn  teaching  in  his  absence,  as  long 
as  he  requested  it.  The  great  attention  which  Dr.  Priiigle 
paid  to  his  duty  as  an  army  physician,  is  evident  from 
every  page  of  his  Treatise  on  the  Diseases  of  the  Army,  in 
the  execution  of  which  office  he  was  sometimes  exposed 
to  very  imminent  dangers.  He  soon  after  also  met  with 
no  small  affliction  in  the  retirement  of  his  great  friend  the 
earl  of  Stair,  from  the  army.  He  offered  to  resign  with 
bis  noble  patron,  hut  was  not  permitted ;  he  was  therefore 
obliged  to  content  himself  with  testifying  his  respect  and 
gratitude  to  him,  by  accompanying  the  carl  40  miles  on 
his  return  to  England ;  after  which  he  took  leave  of  him 
with  the  uimoBl  regret. 

But  though  Dr.  Pringle  was  thus  deprived  of  the  imme- 
diate protection  of  a  nobleman  who  knew  and  esteemed 
bis  worth,  his  conduct  in  the  duties  of  his  station  procured 
bim  effectual  support.  He  attended  the  army  in  Flanders 
through  the  campaign  of  1744,  and  so  powerfully  recom- 
nended  himself  to  the  duke  of  Cumberland,  that  i»  the 
■pring  following  he  had  a  commission,  appointing  him  phy- 
sician-general to  the  kinjfs  forces  in  the  Low-Countries, 
and  parts  beyond  the  seas;  and  on  the  next  day  he  re- 
ceived a  second  commission  from  the  duke,  constituting 
him  physician  lo  ihe  royal  hospitals  in  those  countries. 
In  consequence  of  these  promotions,  he  the  same  year  re- 
»gned  his  professorship  in  the  university  of  Edinburgh. 

Id  1745  he  was  also  with  the  army  in  Flanders;  but 
was  recalled  from  that  country  in  the  latter  end  of  the 
year,  to  attend  the  forces  which  were  lo  be  sent  against 
the  rebels  in  Scotland.  At  this  time  he  had  the  honour 
of  being  chosen  i.  r.  s.  and  the  Society  had  good  reason 
to  be  pleased  with  the  addition  of  such  a  member.  In 
the  be^nning  of  1746,  Dr.  Pringle  accompanied,  in  his  offi- 
cial capacity,  the  duke  of  Cumberland  in  his  expedition 
against  tho  rebels ;  and  remained  with  the  forces,  after 
the  battle  of  CuUoden,  till  their  return  to  England  the  fol- 
lowing summer.  In  1/47  and  174fl,  he  again  attended 
the  army  abroad ;  but  in  the  autumn  of  1748,  he  embark- 
ed with  the  forces  for  England,  on  the  ugning  of  the  treaty 
of  Aix-la-Chapelle. 

From  that  time  he  mostly' resided  in  London,  where, 
from  his  known  skill  and  experience,  and  the  reputation 
he  had  acquired,  he  might  reasonably  expect  to  succeed 
as  a  physician,  in  1749  he  was  appointed  physician  in 
ordinary  to  the  duke  of  Cumberland.  And  in  1750  ho 
published,  in  a  letter  to  Dr.  Mead,  Observations  on  the 
Gaol  or  Hospital  Fever :  this  piece,  with  some  alterations, 
was  afterwards  included  in  his  gtaid  work  on  the  Diseases 
of  the  Army. 

In  this  and  the  two  following  years  Dr.  Pringle  com- 
municated to  the  Royal  Society  his  celebrated  Experi- 
ments upon  Septic  and  Antiseptic  Sitbsisnces,  with  Re- 
marks relating  lo  their  Use  in  the  Theory  of  Medicine  ; 
some  of  which  were  ptinlcd  in  the  Philosophical  Transac- 
tions, and  the  whole  were  subjoined,  as  an  appendix,  lo 
Ilia  Observations  on  the.  Disen&fsof  the  Army.  Those  ex- 
periments procured  for  the  ingenious  author  the  honour 
of  Sir  Godfrey  Copley's  gold  medal ;  besides  gaining  him 
a  high  and  just  reputation  as  an  experimental  philosophei. 


1   ]  PRl 

He  gave  also  many  other  curious  papen  to  the  Royal  So- 
ciety: thus,  in  1753,  he  presented.  An  Account  of  seve- 
ral Persons  seised  with  the  Gaol  Fever  by  working  in  New- 
gate ;  and  of  the  Manner  by  which  the  Infection  was  com- 
municated to  one  entire  Family ;  in  the  Pbilos.  Trans,  vol. 
4S.  His  next  communication  was,  A  remarkable  case  of 
Fragility,  Flexibility^ and  Dissolutionof  the  Bones;  in  ibe 
same  vol.— In  the  49th  volume,  are  accounts  which  be 
gaveof  an  Earthquake  felt  at  Brussels;  of  another  at  Glas- 
gow and  Dunbarton ;  and  of  the  Agitaiion  of  the  Waters, 
Nov.  1,  1756,  in  Scotland  and  at  Hamburgh.— The  50th 
Volume  contains  his  Observations  on  the  Case  of  lord  Wal- 
pole,  of  Woollerton ;  and  a  Relation  of  the  Virtues  of  Soap, 
in  Dissolving  the  Stone. — The  next  volume  is  enriched  with 
two  of  the  doctor's  articles,  of  considerable  length,  as  well 
as  value.  In  the  first,  he  hath  collected,  digested,  and 
related,  the  different  accounts  that  had  been  given  of  a 
very  extraordinary  Fiery  Meteor,  which  appeared  the  26th 
of  November  1758;  and  in  the  second  he  has  made  a  va- 
riety of  remarks  upon  the  whole,  displaying  agrc;il  degree 
of  philosophical  s^acity. — Besides  his  communications  in 
the  Philosophical  Transactions,  he  gave,  in  the  3th  volume 
of  the  Edinburgh  Medicitl  Essays,  an  account  of  ihe  Suc- 
cess of  the  Vitrum  ceratum  Anttmonii. 

In  1752,  Dr.  Pringle  married  Chariotle,  the  second 
daughter  of  Dr.  Oliver,  an  eminent  physician  at  Balh  :  a 
connexion  which  hoHever  did  not  last  long,  the  lady  dy- 
ing in  the  space  of  a  few  years.  And  nearly  about  the 
time  of  his  marriage,  he  gave  to  the  public  the  first  edition 
of  his  Observations  on  the  Diseases  of  the  Army;  which 
atlerwarils  went  through  many  editions  with  improve- 
ments, was  translated  into  the  French,  the  German,  and 
the  Italian  languages,  and  deservedly  gained  the  author 
the  highest  credit  and  encomiums.  The  utility  of  this 
work  however  was  of  still  greater  importance  than  its  re- 
putation. From  the  time  that  the  doctor  was  appointed 
a  physician  {o  the  army,  it  seems  to  have  been  his  grand 
object  to  lessen,  as  far  as  lay  in  his  power,  the  calamities 
of  war;  nor  was  he  without  considerable  success  in  his 
noble  apd  benevolent  design.  The  benefits  which  may  be 
derived  from  our  author's  great  work,  are  not  solely  con- 
fined lo  gentlemen  of  the  medical  profession.  General 
Melville,  a  gentleman  who  united  with  his  military  abili- 
ties the  spirit  of  philosophy,  and  the  feelings  of  humanity, 
was  enabled,  when  governor  of  the  Neutral  Islands.  10  bo 
singularly  useful,  in  consequence  of  the  iustruclions  he 
had  received  from  Dr.  Pringlf's  book,  Hnd  from  personal 
conversation  with  him.  By  takino  care  to  have  his  men 
always  lodged  in  large,  open,  and  airy  apartments, Hnd  by 
never  letting  his  forces  remain  long  enough  in  swampy 
places  to  be  injured  by  the  noxious  air  which  they  are 
subject  to,  the  general  was  the  happy  instrument  of  saving 
the  lives  of  706  soldiers. 

Though  Dr.  Pringle  had  not  for  some  years  been  called 
abroad,  he  still  held  his  pjace  of  physician  to  the  army  ; 
and  in  the  war  that  began  in  1755,  he  attended  the  camps 
in  England  during  three  seasons.  In  1758,  however,  be 
entirely  quitted  the  service  of  the  army  ;  and  being  now 
determined  to  fix  wholly  in  London,  he  was  the  sai;ie  year 
admitted  a  licenciate  of  the  college  of  physicians. — After 
the  accession  of  king  George  the  3d  to  the  throne  of  Great . 
Britain,  Dr.  Pringle  was  appointed,  in  176I,  phj-sician  to 
the  queen's  household ;  and  this  honour  was  succeeded,  by 
his  being  eonsliHited,  in  1763,  physician  extraordinary  to 
iJle  queen.     The  sania  yeiH'  he  was  chosen  a  member  o£ 
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Ifae  Academy  (tf  Sciences  at  Ha&rkm,  and  elected  a  Mow  been  read  before  the  Society  in  March  1772,  was  ad- 
of  the  Royal  College  of  Pbysiciani  in  London. — In  IjS^i  judged  to  be  deserving  of  the  gold  medal ;  and  sir  John 
on  the  decease  of  Dr.  Wollastbn,  he  was  made  physician-  Pringle  embraced  with  pleasure  the  occasion  of  celebrating 
in^ordinary  totheqaeen.  In  17^6  he  was  elected  a  foreign  the  importaot  comtnuni cations  of  his  friend,  and  of  re- 
member, in  the  physical  line,  of  the'Royal  Society  of  lating  with  accuracyand  fidelity  whal  bad  previously  been 
Sciences,  at  Gottiogen,  and  Che  same  year  he  was  raised  to  discovered  upon  the  subject. 

the  dignity  of  a  baronet  of  Great-Britain.  In  J768  be  was  Tt  was  not  intended,  we  believe,  when  sir  John's  first 
appointed  phjrsician  in  ordinaiy  to  the  late  princess-do  war  speech  wad  printed,  that  the  example  should  be  followed : 
ger  of  Wales.  but  the  second  discourse  was  so  well  received  by  the  So- 
After  having  had  the  honour  to  be  several  times  elected  ciety,  that  the  putlication  of  it  was  unanimously  to- 
into  the  council  of  the  Royal  Society,  sir  John  Pringle  quested.  Both  the  discourse  itself,  and  the  subject  on 
was  at  length,  vii,  Nov.  30,  1773,  in  consequence  of  the  which  it  was  delivered,  merited  such  a  distinction.     The 


death  of  James  West,  esq.  elected  president  qf  that  learned 
body.  His  election  to  this  high  station,  though  he  had  so 
ivspectable  a  character  as  the  late  sir  James  Porter  for  his 
opponent,  was  carried  by  a  very  considerable  majority. 
Sir  John  Pringle's  conduct  in  ihb  honourable  station  fully 


composition  of  the  second  speech  is  evidently  superior  to 
that  of  the  former  one;  sir  John  having  probably  been 
anin^atcd  by  the  favourable  reception  of  bis  first  effort. 
His  a:count  of  the  Torpedo,  and  of  Mr.  Walsh's  ingenious 
and  admirable  experiments  relative  to  the  electrical  pro- 


justified  the  choice  the  Society  made  of  him  as  their  pre-  perties'of  that  extraordinary  fish,  is  singularly  c 

■ident.    By  his  equal,  impartial,  and  encouraging  beha-  The  whole  discourse  abound*  with  ancient  and  modem 

viour,  he  secured  the  good  will  and  best  exertions  of  all  learning,  and  exhibits  the  worthy  president's  knowledge  in 

for  the  general  benefit  of  science,  and  true  inCerestii  of  the  natural  history,  as  well  as  in  medicine,  to  great  advan< 

Society,  which  in  bis  time  was  raised  to  the  pinnacle  of  tage. 

honour  aiKl  credit.  Instead  of  splitting  the  members  into  The  third  time  that  he  was  called  upon  to  display  his 
opposite  parties,  by  cruel,  unjust,  and  tyrannical  conduct,  abilities  at  the  delivery  of  the  annual  inedal,  was  on  a  very 
'  as  has  sometimes  been  the  case,  to  the  ruin  of  the  best  in-  beautiful  and  important  occasion. '  This  was  no  less  than 
terests  of  the  Society,  sir  John  Pringle  cherished  and  bap-  Mr.  Maskelyne's  successful  attempt  completely  to  establish 
pily  united  the  endeavours  of  all,  collecting  and  directing  Newton's  system  of  the  universe,  by  bis  observations  made 
the  energy  of  every  one  to  the  common  good  of  the  whole,  on  the  Mountain  Schihallien,  for  finding  its  attraction. 
He  happily  also  struck  out  a  new  way  to  distinction  and  Sir  John  laid  hold  of  this  opportunity  to  give  a  perspicuous 
usefulness,  by  the  discourses  which  were  delivered  by  him,  and  accurate  relation  of  the  several  hypotheses  of  the  an- 
on the  annual  assignment  of  sir  Godfrey  Copley's  medal,  cienta,  with  regard  to  the  revolutions  of  the  heavenly  bo- 
This  gentleman  had  originally  bequeathed  five  guineas,  dies,  and  of  the  noble  discoveries  with  which  Copernicus 
to  be  given  at  each  anniversary  meeting  of  the  Royal  So-  enricbfed  the  astronomical  world.  He  then  traces  the  pro- 
ciety,  by  the  determination  of  the  prendentand  council,  gress  of  the  grand  principle  of  gravitation  down  to  sir 
lo  the  person  who  should  be  the  author  of  the  best  paper  -  Isaac's  illustrious  confirmation  of  it ;  to  which  he  adds  a 
of  experimental  observations  for  the  year.  In  process  of  concise  account  of  Messrs.  Bouguer's  and  Condaroine's  ex- 
time,  this  pecuniary  reward,  which  could  never  be  an  im-  perimtnt  at  Chimbora{»,  and  of  Mr,  Maskelyne's  at  Schi- 
portant  conuderation  to  a  man  of  an  enlarged.aud  philoso-  hallien.     ]f  any  doubts  still  remained  with  respect  to  the 


phical  mind,  however  narrow  his  circumstances  might  be, 
was  changed  into  the  mure  liberal  form  of  a  «)ld  medal; 
in  lyhich  form  it  is  become  a  truly  honourable  mark  of 
distioctioD,  and  a  just  and  laudable  object  of  ambition. 
No  doubt  it  was  always  usual  for  the  president,  on  the  de 


truth  of  the  Newtonian  system,  they  were  now  completely 
removed. 

Sir  John  Pringle  had  reason  to  be  peculiarly  satisfied 
with  the  subject  of  his  fourth  discourse ;  that  subject  being 
perfectly  congenial  to  his  disposition  and  studies.    His  own 


livery  of  the  medal,  to  pay  some  compliment  to  the  gen-  life  had  been  much  employed  in  pointing  out  the  meau 

tteman  on  whom  it  was  bestowed ;   but  the  custom  of  which  tended  not  only  to  cure,  but  to  prevent  the  disease* 

making  a  set  speech  on  the  occasion,  and  of  entering  into  of  mankind ;  and  it  is  probable,  from  bis  intimate  friend- 

the  history  of  that  part  of  philosophy  to  which  the  expe-  ship  with  captain  Cook,  that  be  might  suggest  to  that  sa- 

riments,  or  the  subject  of  the  paper  related,  was  fin>t  in-  gaciouE  commander  seme  of  the  rules  which  be  followed, 

troduced  by  Martin  Folkes,  esq.    The  discourses  however  in  order  to  preserve  the  health  of  the  crew  of  his  ship, 

which  he  and  his  successors  delivered,  were  very  short,  during  his  voyage  round  the  world.    AVbether  this  was  the 

and  were  only  inserted  in  the  minnte-books  of  the  Society,  case,  or  whethar  the  method  pursued  by  the  captain  to 

None  of  them  had  ever  been  printed  before  sir  John  Prin-  attain  so  salutary  an  end,  was  the  result  alooe  of  his  own 

gle  was  raised  to  the  chair.     The  first  speech  that  was  reflections,  the  success  of  it  was  astoniihing ;  and  this  ce- 

made  by  him  being  much  more  elaborate  and  extended  lebrated  voyager  seemed  well  entitled  to  every  honour 

than  Hsual,  the  publication  of  it  was  desired  ;  and  with  which  could  be  bestowed.     To  him  the  Society  assigned 

this  request,  it  is  said,  he  was  the  more  ready  to  comply,  their  gold  medal,  but  he  wu  not  present  to  receive  the 


a*  an  absurd  account  of  what  he  had  delivered  had  ap- 
peared in  a  newspaper.  Sir  John  vras  very  happy  in  the 
subject  of  his  first  discourse.  The  discoveries  in  magnetism 
and  electricity  had  been  succeeded  by  the  inquiries  into 
the  various  species  of  air.  In  these  inquiries,  Dr.  Priest- 
ley, who  had  already  greatly  dislii^uished  himself  by  his 
electrical  experiments,  and  bis  other  philosophical  pur- 
suits and  labours,  took  the  principal  lead.  A  paper  of  his, 


I  gone  out  upon  the  voyage,  from  which 
he  never  returned  :  but  in  this  last  voyage  he  continued 
equally  succeuful  in  maintaining  the  health  of  his  men. 

The  learned  president,  in  his  fifth  annual  dissertation) 
had  an  opportunity  of  displaying  his  knowledge  in  a  way 
in  which  it  had  not  hitherto  appeared.  The  discourse 
took  its  rise  from  the  adjudicadon  of  the  prise  medal  to 
Mr.  Mudge,  then  an  eminent  surgeon  at  Plymouth,  on 


eotitled.  Observations  od  di&rent  Kinds  of  Air,  having    account  of  his  valuable  paper,  containing  Directioai  for 
Vol.  II. 
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making  tbe  best  CompoiitioD  for  the  Metals  of  Reflecting 
Telmcopes,  together  with  a  Description  of  the  PcoceM  for 
Grinding,  Polishing,  and  giving  the  Great  Speculnm  tho 
trae  Parabolic  Form.  Sir  John  has  accurately  related  & 
variety  of  particulars,  concerning  the  invention  of  reflect- 
ing telescopes,  the  subsequent  improvements  of  these  in- 
struments, and  the  state  in  which  Mr.  Mudgc  found  them, 
when  he  first  set  about  \*orking  them  to  a  greater  per- 
fection, till  he  had  truly  realited  the  expectation  of  New- 
ton, nho,  above  an  hundred  ye«rs  ago,  prasaged  that  the 
public  would  one  day  possessa  parabolic  speculum,  not 
accomplished  by  mathematical  rules,  but  by  mechanical 
devicts. 

Sir  John  Pringle's  sixth  and  last  discourse,  to  which  he 
was  led  by  the  assignment  of  the  gold  medal  to  myself,  on 
account  of  my  paper  entitled,  The  Force  of  fired  Gun- 
powder, and  the  Initial  Velocity  of  Cannon  Balls,  deter- 
mined by  Experiments,  was  on  the  theory  of  gunnery. 
Though  sir  John  had  so  long  attended  the  army,  this  was 
probably  a  subject  to  which  he  had  heretofore  paid  very 
little  attention.  VVc  cannot  however  help  admiring  with 
what  perspicuity  and  judgment  he  stated  the  progress  that 
was  made,  from  time  to  time,  in  the  knowledge  of  pro- 
jectiles, and  the  scicnlific  perfection  to  which  it  has  been 
said  to  be  carried  in  my  paper.  As  sir  John  Pringle  was 
not  one  of  those  who  delighted  in  war,  and  in  the  shedding 
of  human  bluod,  he  was  happy  in  being  al^le  to  show  that 
even  the  study  of  ariillery  night  be  useful  to  mankind  ; 
and  therefore  this  is  a.  topic  which  he  has  not  forgotten  to 
mention.  Here  ended  our  author's  discourtes  on  the  de- 
livery of  sir  Godfrey  Copley's  medal,  and  his  presidency 
over  the  Royal  Society  at  the  same  time,  the  delivering 
that  raedal  into  my  hand  being  the  last  office  he  ever  per-- 
formed  in  that  capacity  ;  a  ceremony  which  was  attended 
by  a  greater  number  of  the  members,  than  had  ever  met 
Together  before  upon  any  other  occasion.  Had  he  been 
permitted  to  preside  longer  in  that  chair,  he  would  doubt- 
-less  have  found  other  occasions  of  displaying  hisacquainN 
ance  with  the  history  of  ^ihilosophy.  But  the  opportu- 
nities which  he  had  of  signalizing  himself  in  this  respect 
were  important  in  themselves,  happily  varied,  and  SufK- 
cient  to  gain  him  a  solid  and  lasting  reputation. 

Several  marks  of  literary  distinction,  as  we  have  already 
seen,  had  been  conferred  ou  sir  John  Pringle,  before  he 
was  raised  to  the  president's  chair.  But  after  that  event 
they  were  bestowed  upon  him  in  great  abundance,  having 
been  elected  a  member  of  almost  all  the  literary  societies 
and  institutions  in  Europe.  He  was  also,  in  1774,  ap- 
pointed physician-entraordinary  to  the  king. 

It  was  at  rather  a  late  period  of  life  when  sir  John  Prin-  ' 
gle  was  chosen  to  be  president  of  the  Royal  Society,  being 
then  65  years  of  age..  Considering  therefore  the  great 
attention  that  was  paid  by  him  to  the  various  and  impor- 
tant duties  of  bis  office,  and  the  great  pains  he  look  in  the 
preparation  of  his  discourses,  it  wag  natural  to  expect  that 
the  burthen  of  his  honourable  station  should  grow  heavy 
upon  faim  in  a  course  of  time.  This  burthen,  though  not 
increased  by  any  great  addition  to  his  life,  for  he  was  only 
6  years  president,  was  somewhat  augmented  by  the  acci- 
dent of  a  fa)l  in  the  area  in  the  back  pan  of  his  house, 
from  which  he  received  some  hurt.  From  these  circum- 
stances some  persons  have  affected  to  account  for  his  re- 
signing the  chair  at  the  time  when  he  did.  But  sir  John 
Pringle  was  naturally  of  a  strong  and  robust  frame  and 
constitution,  and  had -a  fair  proipect  of  being  well  able 


to  discha^  the  duiiei  of  his  situation  for  many  j*an  to 
come,  had  his  spirits  not  been  broken  by  the  must  cruel 
harassings  and  baitings  in  his  office.  His  resolution  to 
quit  the  chair  originated  from  thtf  disputes  introduced 
into  the  Society,  concerning  the  question,  whether  pointed 
or  blunt  electrical  conductors  are  the  most  efficacious  in 
preserving  buildings  frotn  ihe  pernicious  effects  of  light- 
ning, and  from  the  cruel  circumstances  attending  those 
disputes.  These  drove  him  from  the  chair.  Such  of  those 
circumstances  as  were  open  and  manifest  to  every  one, 
were  even  of  thtmselve*  perhaps  quite  sufficient  to  drive 
him  to  that  resolution.  But  there  were  yet  others  of  a 
more  private  nature,  which  operated  stilt  more  powerfully 
and  directly  to  produce  that  event ;  which  may  probably 
heri-after  be  laid  before  the  public. 

His  intention  of  resigning  however,  was  disagreeable  to 
his  friends,  and  the  most  distinguished  members  of  tbe 
Society,  who  were  many  of  them  perhaps  ignorant  of  the 
true  motive  for  it.  Accordingly,  they  earnestly  solicited 
him  to  continue  in  the  chair;  but,  his  resolution  being 
fixed,  he  resigned  it  at  the  anniversary  meeting  in  177*, 
immediately  on  delivering  the  medal,  at  the  conclusion 
of  his  speech,  as  mentioned  above. 

Though  sir  John  Pringle  thus  quitted  bis  particular  re- 
lation to  tbe  Royal  Society;  and  did  not  attend  its  meet- 
ings so  constantly  as  he  bad  formerly  done,  be  still  re- 
tained his  literary  connexions  in  general.  His  house  coi^ 
tinued  to  be  the  resort  of  ingenious  and  philosophical 
men,  whether  of  his  own  country,  or  from  abroad  ;  and 
be  was  frequent  in  his  visits  to  bit  friends.  He  was  held 
in  particular  esteem  by  emiitent  and  learned  foreigners, 
none  of  whom  came  to  England  without  wailing  upon 
him,  and  paying  him  the  greatest  respect.  He  treated 
them,  in  return,  with  distinguished  civility  and  regard. 
When  a  number  nf  gentlemen  met  at  his  table,  foreigner! 
were  usually  a  part  of  the  company. 

In  I7B0  sir' John  spent  the  summer  on  a  visit  to  Edin- 
burgh ;  as  he  did  also  that  ofl78]  ;  where  be  was  treated 
with  the  greatest  respect.  In  this  last  visit  be  presented  to 
the  Royal  College  of  Physicians  in  that  city,  the  result  of 
many  years  labour,  being  [en  .folio  volumes  of  Medical 
and  Physical  Observations,  in  manuscript,  on  condition 
that  thty  should  neither  be  published,  niir  lertout  of  the 
library  of  ihe  college  on  any  account  whatever.  He  was 
at  the  same  time  preparin£>  two  other  volumes,  to  be  given 
to  tbe  university,  containing  the  formulas  referred  tnin  his 
annotations.  He  returned  again  to  London,  and  continued 
for  some  time  his  u^ual  course  of  iik;  receiving  and  pay- 
ing visits  to  tbe  most  eminent  literary  men,  but  laiiguiuiing 
and  declining  in  his  health  and  spirits,  till  the  18th  of  Ja- 
nuary 17SS,  when  he  died,  in  tite  75th  year  of  his  age; 
tbe  account  of  his  death  being  e\'ery  where  received  in  ft 
manner  which  showed  the  high  sense  that  was  entertained 
of  his  merit. 

Sir  John  Pringle's  eminent  character  as  a  practicftl  phy- 
sician, as  well  as  a  medical  author,  is  so  well  known,  and 
so  universally  acknotvledged,  that  an  enlargement  upon  it 
cannot  be  necessary.  In  the  exercise.of  his  profession  be 
was  not  rapacious ;  being  ready,  on  various  occasions,  to 
give  hisedvice  without  pecuniary  views.  The  turn  of  hit 
mind  led  him  chiefly  to  the  love  of  science,  which  be  built 
on  the  firm  basis  of  fact.  Witli  regard  to  philosophy  in 
general,  1^  was  as  averse  to  theory,  unsupported  by  expe- 
riments, as  he  was  with  respect  to  medicine  in  particuUr. 
Lord  Bacon  was  bis  favourite  author;  and  to  the  method 
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of  inMStigKtion  lecommended  by  that  great  inan,heatGa-  common  pains  vhichbe  took  toihow  them  every  mark  of 

dil;  adbered.     Such  being  bis  intellectual  characier,  it  civility  and  regard.     He  had  however  at  timea  tomavbat 
wiU  not  be  thought  snrpriiing  that  he  had  a  dislike  to  '  of  a  di7neN  ajid  reserve  in  hit  behaviour,  which  bad  tha 

Plato;  and  that  to  metapbyiicat  diaquisilions  he  lost  all  appearance  of  coldneu  ;  and  this  was  the  caM  when  fa« 

regard  in  the  latter  part  of  his  life.  was  not  perfectly  pleased  with  the  persons  who  were  intTo< 

Sir  John  had  no  great  fondness  for  poetry  :  be  bad  not  dnced  to  hitn,  or  who  happened  to  be  in  his  company, 

even  any  di*lin|uislie*l  rehsb  for   the  immortal  Shake-  -  His  sense  of  int^ity  and  dignity  would  not  permit  him 

■pear:  at  least  he  aeeiaed  too  highly  sensible  of  the  de-  to  adopt  that  falK  and  superlicial  politeness,  whicli  treats 

fects  uf  that  illusirious  bard,  to  give  him  the  proper  degree  all  men  alike,  though  ever  so  dificreDt  in  point  of  real 

of  estimation.  Sir  John  had  not  in  bis  youth  been  neglect-  estimation  and  merit,  with  the  same  show  of  cordiality  and 

ful  of  pbiloto(pcal  inquiries,  n*r  did  be  desert  them  in  the  kindness.     He  was  above  assuming  the  profession,  without 

lost  stages  of  bis  life,  but  cultivated  even  to  the  last  a  the  reality  of  reepect. 

knowledge  of  the  Greek  language.     He  paid  a  great  at-  PRISM,  in  Geometry,  is  a  body,  or  solid,  wbose  two 

(ention  to  the  French  language  ;  and  it  is  said  that  he  was  ends  are  any  plane  figures  wJiich  are  parallel,  equal,  and 

Ibnd  of  Voltaire's  critical  writings.     Among  all  his  other  similar ;  and  its  sides,  connecting  those  ends,  arc  parel- 

punaits,  he  never  forgot  the  study  of  the  English  Ian-  lelograms.'— Hence,  every  section  parallel  to  the  ends,  is 

guage.     This  he  regarded  as  a  matter  of  so  much  conse-  the  same  kind  of  equal  and  similar  figure  as  the  ends  them- 

quence,  that  he  took  uncommon  pains  with  regard  to  the  selves  arc ;  and  the  prism  may  be  considered  as  generated 

style  of  his  con^positions ;  and  it  cannot  be  denied,  that  by  the  parallel  ^motion  of  this  plane  figure. 

he  excelled  in  perspicuity,  correctness,  and  propriety  of  Prisms  take  their  several  partieular  names  from  the 

expression.     His  six  discourses  in  particular,  delivered  at  figure  of  their  ends.     Thus,  when  the  end  is  a  triungle,  it 

the  annual  meetings  of  the  Rsyal  Society,  on  occasion  of  is  a  triangular  prism  ;  when  a  -square,  a  square  priam  i 

the  prise  medals,  have  been  universally  admired  as  ele-  when  a  pentagon,  a  pentagonal  prism  ;  when  a  hexagon,  a 

gant  compositions,  as  well  as  critical  and  learned  diiser-  hexagonal  prism ;  and  so  on.     And  hence  the  denomina- 

tationi.     And  this  characteristic  of  them,  seemed  to  in-  tion  prism  comprises  also  tbe  cube  and  parallelopipedon, 

create  and  hughten,  from  year  to  year :  a  circumstance  the  former  being  a  square  prism,  and  the  latter  a  rectan* 

which  argues  rather,  an  improvement  of  his  faculties,  than  gular  one.     And  even  a  cylinder  mfly  be  considered  as  a 

any  decline  of  them,  and  that  even  after  the  accident  round  prism,  or  one  that  baa  an  infinite  number  of  sides, 

which  it  was  pretended  occasioned  bis  descent  from  the  Also  a  prism  is  said  to  be  regular  or  irregular,  according 

president's  chair.     So  excellent  indeed  were  these  coropo-  as  the  ^ure  of  its  end  is  a  regular  or  an  irregular  poly 

sitions  esteemed,  that  envy  used  to  aspene  his  character  gon.  - 

with  the  imputation  of  Iwrrowing  the  hand  of  anrftfacr  in  The  axis  of  a  prism,  is  the  line  conceived  to  be  drawn 

thoae  learned  discourses.     But  bow  lalse  such  aspersion  lengthways  through  the  middleofit.connecting  thecentre 

was,  I,  and  I  believe  most  of  the  other  gentlemen  who  had  of  one  end  with  that  of  the  other  end. 

the  honour  of  receiving  the  annual  medal  fiom. his  hands,  Prisms,  again,  are  either  right  or  oblique, 

can  fully  testify.     For  myself  in  particular,  lean  witness  A  Right  Prism  is  that  whose  sides,  and  its  axis,  arc  per- 

for  the  last,  and  perhaps  the  best,  that  on  the  theory  and  pendicular  to  its  ends ;  like  an  upright  tower, 

improvements  in  gunnery,  having  been  present  or  privy  to  An  ObUqiu  PxtBU,  is  when  the  axis  and  sides  are  oblique 

bis  composition  of  every  part  of  iL — Though  our  author  to  tbe  ends  ;  to  that,  when  set  upon  one  end,  it  inclines  on 

was  not  fond  of  poetry,  be  had  a  great  afiection  for  the  one  side,  like  an  inclined  tower, 

■ister  art  mhsic  :  of  this  he  was  not  merely  an  admirer,  but  Tbe  principal  properties  of  prisms,  are, 

became  so  far  a  practitioner  in  it,  as  to  be  a  performer  on  1.  That  all  priams  are  to  one  another  in  the  ratio  com- 

the  violoncello,  at  a  weekly  concert  given  by  a  society  of  pounded  of  their  bases  and  heights, 

gentlemen  at  Edinburgh.     Besides  a  close  application  to  3.  Similar  prisms  are  to  one  another  In  the  triplicate 

medical  and  philosophical  science,  during  the  latter  part  ratio  of  their  like  sides. 

of  his  life,  he  devoted  much  time  to  the  study  of  divinity :  3.  A  prism  is  triple  of  a  pyramid  of  equal  base  and 

this  being  with  him  a  very  favourite  and  interesting  ob-  height ;  and  the  solid  content  of  a  prism  is  found  by  mul- 

jact,  tiplying  the  base  by  the  perpendicular  height. 

If,  from  tbe  intellectual,  we  pass  on  to  the  moral  cha-  4.  The  upright  surfiice  of  a  right  prism,  is  equal  to  a 

ncter  of  sir  John  Pringle,  we  shall  find  that  the  ruling  rectangle  of  the  same  height,  and  its  breadth  equal  to  the 

feature  of  it  was  integrity  :  and  by  this  principle  he  was  perimeterof  the  baae  orend.     And  therefore  such  upright 

aitifonnly  actuated  in  the  whole  of  his  conduct  and  beha-  surface  of  a  right  prism^  is  found  by  multiplying  the  peri- 

viour.    He  was  equally  distinguished  for  his  sobriety,  hav-  meter  of  the  base  by  the  perpendicular  hei^t.     Also  the 

ing  been  heard  to  declare,  that  he  had  never  once  in  his  life  upright  surface  of  an  oblique  priam  u  found  by  raultiply- 

been  intoxicated  with  liquor.     In  his  friendships,  he  was  ing  the  perimeter  of  the  bnae  by  the  slant  height.     And  if 

ardent  and  steady.     The  intimacies  which  were  formed  by  to  the  upright  surface  bi^  added  tbe  areas  of  the  two  ends, 

bim,  in  the  early  part  of  his  life,  continued  unbroken  to  the  the  sum  will  be  the  whole  surface  of  tbe  prism. 

decease  of  the  gentlemen  with  whom  they  were  made  ;  PaipH,  in  Dioptrics,  is  apieceof  glass  inform  of  a  tri- 

and  were  kept  up  by  a  regular  correspondence,  and  by  all  angular  prism:  which  is  much  used  in  experiments  cun- 

tbe  good  offices  that  lay  in  his  power.  cerning  the  nature  of  light  and  colours. —The  uae  and 

With  r^ard  to  sir  John's  external  manner  of  deport-  ,  phenomena  of  the  priam  arise  from  its  sides  not  being  pa- 

ment,  he  paid  a  very  respectful  attention  to  those  who  rallel  to  each  other ;  whence  it  separates  the  rays  of  light 

were  honoured  with  his  friendship  and  esteem,  and  to  such  in  their  passage  through  it,  by  coming  through  two  sides 

■tiangenas  came  to  him  wvU  recommended.     Foreigners  of  one  and  the  same  angle. 

in  particular  bad  good  ivason  to  be  satisfied  with  the  un-  '  The  more  general  of  these  phenomena  are  enumerated 
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and  illuitiutej  under  tbe article  Colour;  wbkb  ara  suffi- 
cient to  prove,  that  colours  do  Dot  eitber  coiutst  in  the 
contotsiou  of  the  globules  of  light,  m  Descartes  ima- 
gined ;  nor  in  the  obliquity  of  the  pulses  of  the  ethereal 
matter,  as  Hooke  fancied;  nor  in  [he  constipation  of  light, 
and  it:j  greater  or  less  coucitation,  as  Dr.  Barrow  con- 
jectured; but  that  they  are  origiaal  and  uuchangeable 
properties  of  light  itself.. 

PRISMOID,  is  a  solid,  or  body,  somevhat  rcMmbling 
a  prism,  but  that  its  ends  are  any  dissimilar  parallel  plane 
ligures  of  the  same  number  of  sides;  the  upright  sides 
being  trapezoids. — If  the  ends  of  the  pristnoid  be  bounded 
by  dissimilar  curves,  it  is  sometimes  called  a  cylindroid. 

PROBABILITY  <tf  an  Event,  in  the  Doctrine  of 
Chances,  is  the  ratio  of  the  number  of  chances  by  which 
the  event  may  happen,  to  the  number  by  which  it  may  both 
happen  and  fail.  So  that,  if  there  be  constituted  a  frac' 
tion,  of  which  the  numerator  is  the  number  of  chances 
for  the  event's  happening,  and  the  denominator  the  number 
for  both  happening  and  failing,  that  fraction  will  properly 
express  the  value  of  the  probability  of  the  event's  happen- 
ing. Thus,  if  an  event  have  3  chanceii  for  happening,  and 
2  for  foiling,  the  sum  of  which  being  5,  the  fraction  ^  will 
properly  represent  the  probability  of  its  happening,  and 
may  be  taken  to  be  the  measure  of  it.  The  same  thing 
nay  be  said  of  the  probability  of  foiling,  which  will  like- 
wise be  measured  by  a  fraction,  whose  numerator  is  the 
number  of  chances  by  which  it  may  foil,  and  its  denomi- 
nator the  wholfc  number  of  chances  both  for  its  happening 
and  failing  :  so  the  probability  of  the  failing  of  the  above 
event,  which  has  2  chances  to  fail, and  3  to  happen,  will  be 
expressed  or  measured  by  the  fraction  ^. 

Hence,  if  tbere  be  added  together  the  fractions  which 
express  the  probability  for  both  happening  and  failing, 
their  sum  will  always  be  equal  to  unity  or  1 ;  since  the 
sum  of  their  numerators  will  be  equal  to  their  common 
denominator.  And  since  it  is  a  certainty  that  an  event 
will  either  happen  or  fail,  it  follows  tfaatA  cerlaioty,  which 
may  be  considered  as  an  infinitely  great  degree  of  proba- 
bility, is  fitly  rcpresetiied  by  unity.  If  it  be  required,  what 
,  the  probability  is  of  an  event  happening  in  two  trials,  then 
we  must  estimate  the  probability  of  its  failing  twice,  which 
taken  from  unity  will  be  the  probability  of  its  happening. 
Thus  if  it  was  asked  what  is  the  probability  of  a  person's 
casting  an  ace  in  two  throws  with  a  die  of  o  faces.  Here 
the  probability  of  its  foiling  the  first  time  is  ^  there  being 
5  sides  that  may  come  up  without  the  ace  ;  also  the  pro- 
bability of  its  failing  the  second  throw  is  the  same,  there- 
fore {  X  ^  =  1^  the  probability  of  its  failing  both  times, 
and  consequently  ^  —  W  =  ^  is  the  probability  of  its 
coming  up  one  time  at  least  in  two  threwa.  TkJs'cinBB- 
stance  is  not  readily  comprehended  by  persons  unskilled  in 
the  doctrine  of  chances;  for,  say  they,  the  probability  of 
its  coming  up  the  first  time  being  \,  and  tbe  probability  of 
its  coming  up  the  second  time  being  also  ^  therefore  the 
two  chances  together  must  be  |  -^  ^  =  |.  But  in  this 
they  deceive  themselves,  since  it  is  not  certain  that  they 
will  have  to  throw  a  second  time.  See  Simpson's  or  De- 
moivre's  Doctrine  of  Chances  ;  also  Bernoolli's  Ars  Con- 
jectandi.;  Monmort's  Analyse  des  Jeux  de  Masard;  or 
^f.  De  Parcieu's  Estais  sur  les  Probabilites  de  la  Vie  bu- 
maine.     See  also  Chances,  Expsctatiok,  and  Ga- 

HIMO. 

PROBABiLiTTi^Ztft.  See ExpscTATioH  q^Li/*,«nd 
\Atsi-Ammtitt, 
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PROBLEM,  in  Geometry,  is  a  pEoposition  in  which 
some  toleration  or  construction  is  required.  As,  to  bisect 
a  line,  to  make  a  triangle,  to  raise'a  perpendicular,  to  draw 
a  circle  through  three  points,  &c.  A  problem,  according 
to  Wolfius,  consists  of  three  parts :'  The  proposition,  which 
expresses  what  is  to  be  dune ;  the  resolution  or  solution, 
in  which  are  Orderly  rehearsed  the  several  steps  of  the  pro- 
cess or  operation  ;  and  the  demonstration,  in  which  it  is 
shown,  that  by  doing  the  several  things  prescribed  in  the 
resolution,  the  thing  required  is  obtuned. 

PnoBLEM,  in  Algebra,  is  a  proposition  which  requires- 
tome  unknown  truth  to  be  investigated  or  discovered  ;  and 
tbe  truth  of  the  discovery  demonstrated. 

PaoBLXM,  Kepler'i.     See  Kepler's  Probitm. 

PaoBLEH,  Dtlermkutte,  Dtophantine,  Indttenmtate,  li^ 
mtled,  Unear,  laeat,  Kaite,  Solid,  Sunolid,  and  UtUimiled, 
See  the  adjectives. 

Ddiacal  Paoblbm,  in  Geometry,  is  the  doubling  of  a 
cube.  This  amounts  to  the  same  thing  as  the  finding  of 
two  mean  pro^rdoubls  between  two  given  lines :  whence 
this  also  is  called  the  Deliacal  Problem.     See  Dqplica- 

TIOK. 

PROCLUS,  aneminent  philoso[Aer  andmatbenalician 
among  the  later  Piatonists,  was  bom  at  Constantinc^le  in 
the  year  410,  of  parents  -/ho  were  both  able  and  willing 
to  provide  for  his  instruction  in  all  the  various  branchea 
of  learning  and  knowledge.  He  was  lint  sent  lo  Xantbus, 
a  city  of  Lycia,  to  learn  grammar :  from  theoce  to  Alejc 
andria,  where  be  was  under  tbe  best  masters  in  rhetoric, 
philosophy,  and  mathematics:  and  from  Alexandria  he 
removed  to  Athens,  where  he  attended  the  younger  Plu- 
tarch, and  Syrian,  both  of  them  celebrated  philosophers. 
lie  succeeded  the  latter  in  the  government  of  the  Platonic 
school  at  Athens ;  where  he  died  in  485,  at  75  years  of  age. 

MarinuB  of  Naples,  who  was  his  successor  in  the  school, 
wrote  his  life ;  the  first  perfect  copy  of  which  was  pub- 
lished, with  a  Uitin  version  and  notes,  by  Fabricius  at 
Uamburgfa,  I7(X),  in  4to ;  and  afterwards  subjoined  to  hit 
Bibliotheca  Latino,  1703,  in  Svo.  Marinus  was  also  au- 
thor of  a  learned  commentary  on  Euclid's  Data. 

Pmclus  wrote  a  great  number  of  pieces,  and  on  many 
different  subjects ;  as,  commentaries  on  philosophy,  mathe- 
matics, and  grammar;  on  the  whole  works  of  Homer,  He- 
siod,  and  Plato's  books  of  the  republic :  be  wtute  also  on 
the  construction  of  the  Astmlabe :  but  many  of  his  pieces 
are  lost;  son)e  have  been  published;  and  a  few  remain 
still  in  manuscript  only.  Of  the  published,  there  are  four 
very  elegant  hymns;  one  to  the  Sun,  two  to  Venus,  and 
one  to  tbe  Muses.  There  are  commentaries  on  several 
pieces  of  Plato  ;  on  the  four  books  of  Ptolemy's  work  D« 
judiciii  Astrorum  ;  on  the  first  book  of  Euclid's  Elements; 
Mid  on  Hoisd^  Ofwn  et  Dies.  There  are  al^  works  of 
Proclus  on  philoacyhical  and  astfoooroical  subjects ;  par- 
ticularly the  piece  De  Sphere,  lAkifa  was  published,  1680, 
in  4to,  by  Bainbridge,  the  Savilian  profeasor  of  astronomy 
at  Oxford.  He  wrote  also  18  arguments  agaiint  tlie 
Christiaiu,  which  are  still  extant,  and  in  which  he  attacks 
them  on  the  question,  whether  the  world  be  eternal  ?  the 
affirmative  of  which  he  maintains. 

The  character  of  Proclus  is  the  same  as  that  of  ail  tbe 
later  Piatonists,  who  it  seems  were  not  less  enthusiasts  and 
madmen,  than  the  Christians  their  contemporaries,  whom 
they  resembled  in  this  respect.  Proclus  was  not  reckon- 
ed quite  orthodox  by  his  own  order:  he  did  not  adhere  so 
rigorously,  as  Julian  and  Porphyry,  to  the  doctrinet  and 
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priDcipt«s  of  his  router;  "  He  b&il,"  lays  CudworEh^ 
"  tome  peculiar  &ndei  and  whimsies  of  his  own,  and  was 
indeed  a  confounderof  the  Platonic  theology,  and  a  min- 
gler  of  much  \iniDtelligible  stuff  with  IL" 

PROCVON,  in  Astronomy,  a  fixed  star,  of  the  second 
magnitude,  in  Canis  Minor,  or  the  IJttle  Dog.- 

PRODUCING,  in  Geometry,  denotes  the  continuing  a 
line,  or  drawing  it  farther  out,  till  it  have  an  assigned 
length,  , 

PRODUCT,  in  Arithmetic,  or  Algebra,  is  the  quantity 
arising  from,  or  produced  by,  the  'rauliiplicatlon  of,  two 
or  more  naroben  &c  together.  Thus,  48  is  the  product 
of  6  multiplied  by  8. — In  mulli plication,  unity  is  in  pro- 
portion lo  one  (actor,  at  the  other  factor  is  to  the  product. 
So  1  :  6  :  :  8  :  48. 

.  In  algebra,  the  product  of  simple  quantities  is  express- 
ed by  juining  the  letters  together  lilce  a  word,  and  prefix- 
ing the  product  of  the  numeral  coefficients :  So  the  pro- 
duct of  a  and  h  is  ab,  of  3a  and  4£c  is  Habe.  But  the 
product  of  compound  factors  or  quantities  is  expressed  by 
setting  the  sign  of  multiplication  between  them,  and  bind- 
ing each  compound  factor  in  a  vinculum:  so  the  product 
of  aa  -*■  36  and  o  —  4e  is  (2a  +  Sb)  x  (a  —  4c). 

In  geometry,  a  rectangle.aniwera to  B  product,  its  length 
and  breadth  being  the  two  factors ;  because  the .  numbers 
expressing  the  length  and  breadth  being  multiplied  toge- 
ther, produce  the  content  or  area  of  the  rectangle. 

The  term  product,  or  continual  product,  is  also  tome- 
times  used  when  the  factors  are  more  than  two. 

In  algebra  there  are  several  curious  properties  relating 
to  the  particular  forms  of  the  product  of  certain  formulie, 
which  are  of  great  importance  in  the  theoiy  of  numbers, 
and  the  indeterminate  analysis;  the  most  remarkable  of 
which  are  at  follows : 

1.  The  product  of  a  sum  of  two  squares  by  double  a 
square,  is  also  the  sum  of  two  squares. 

For  (x»  +  y)  .  3»«  =  (i  +  yy  .«*  +  (*-  y)' .  z\ 

2.  The  priiduct  of  the  sum  of  two  squares,  by  the  sum 
of  two  squares,  is  itself  t|ie  sum  of  two  squares. 

The  product  may  therefore  be  divided  into  two  squares 
two  diBvrent  ways.  And  if  this  product  be  again  multi- 
plied by  the  sum  of  two  iquares,  the  product  may  be  di- 
vided into  two  squares  four  djSerent  ways  ;  and  so  on. 

3.  The  product  of  the  sura  of  three  squares  by  the  sum 
of  two  squares,  is  the  sum  of  four  squares. 

For  (x»  ^  ,«  +  »»)   X  (»«  +  y)  = 
(«'  H-  V)»  ^  (^  -  I'yY  +  .'»^  ...  ^'. 

4.  The  product  of  the  sum  of  four  squares  by  double  a 
square,  it  alto  the  sum  of  four  squares. 

For  (jt»  4-  y  +  ^  -I-  w»)  .  «•"  = 
t\(r  ^  ,)«  +  («  -yf  +  (i  +  w)«  +  {«-»)«)  = 
t\x  +  ,)a  +  *.  (I  -  ,)!  +  T«  (,  +  b}s  +  ts  (»  _  «)«. 

5.  The  product  of  the  sum  of  four  sqnaresj  by  the  sum 
of  four  squares,  is  itselfthe  sum  of  four  squares. 

For  (w*  +  *■-(-  y»  +  8«)  .  (tt'«  -*-  *'«  +  y«  -+-  t'i) 
=  (imp'  -*-«'-(-  yi  -h  H*)*  +  (tox'  —  Tio  +  1/x  ~~  ty')< 
-•-  (ug/  —  xi  —  yw   -*-  zi'j*  +  (wt'  -t-  ty'—yt  —  no')*. 

6.  The  two  forraulEB  i«  +  y«  +  *«  and  i"*  -t-  y"*  ^.  2»'» 
are  so  related  to  eacbotber,  that  double  the  one  produces 
the  other. 

For  2  .  (r«  +  y«  -t-  s^  =  2i«  +  2yS  +  Sz*  a: 
(r  +  y)S  H-  (*  -  y)*  -i-  2i* ;  and  2  (i'*  +  *»-(-  22*)  = 
ax"*  -I-  2y«  -h  4»'"  =  {x'  -h  yj«  +  (r'  -  /)«  +  4/1, 
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The  truth  of  die  above  theorems  will  be  seen  innnedi- 
ately  by  the  developeraent  of  each  respective  formula. 

PROFILE,  in  Architecture,  the  figure  or  draught  of  a 
building,  fortification,  or  the  like;  in  which  are  expressed 
the  several  heigbtt,  widths,  and  thickneises,  such  as  they 
would  appear.were  the  buildirig  cut  down  perpendicularly 
from  the  roof  to  the  foundation.  Whence  the  profile  is 
also  called  the  section,  and  sometimes  the  orthographical 
section;  and  by  Vitruvius  the  sciography.  In  this  tense, 
profile  amounts  to  the  same  thing  with  elevation;  and  so 
stands  opposed  to  a  pliuior  ichnography. 

PaoFiLE  is  alto  used  for  the  contour,  or  outline  of  a 
figure,  building,  member  of  architecture,  or  the  like;  as 
a  base,  a  cornice,  &c, 

PROGRESSION,  an  orderly  advancing  or  proceeding 
in  the  same  manner,  course,  tenor,  proportion,  itc. 

Progression  it  either  arithmetical,  geometrical,  or  har- 
monical. 

JrithmeHcid  Progbession,  is  a  series  of  quantities  pro- 
ceeding by  continued  equal  differences,  either  increasing 
or  decreasing.    Thus, 

increasing      1,     3,     5,     7,    9,  &:c,  or 

decreasing  21,  18,  15,  12,     9,  &c; 

where  the  forqier  progression  increases  continually  by  the 

common  diftrem:e  2,  and  the  latter  decreases  contiDually 

by  the  common  difference  3. 

1.  And  hence,  to  construct  an  arithmetical  progroii on, 
from  any  given  first  term,  with  a  ^ven  common  difference) 
add  the  common  difference  to  the  first  term,  to  give  the 
3d  ;  to  the  2d,  to  gjve  the  3d ;  to  the  3d,  to  give  the  4th ; 
and  so  on ;  when  the  series  is  ascending  or  increasing :  but 
subtract  the  common  difference  continually,  when  the  to- 
nes is  a  descending  one. 

S.  The  chief  property  of  an  arithmetical  progresuon, 
and  which  arises  immediately  from  the  nature  of  its  con- 
struction, is  this;  that  the  sum  of  itt  extremes,  or  first 
and  last  terms,  it  equal  to  the  sum  of  every  pair  of  inter- 
mediate terms  that  are  equidistant  from  the  extremes,  or 
to  the  double  of  the  middle  term  vihen  there  is  an  uneven 
number  of  the  terrot. 

Thus,     1.     3,     5,     7,     9,  11,  13, 

H."  — •   ^  II  Jlll-b 
Suras    14    14    14    14    14    14  14, 
where  the  sum  of  every  pair  of  terms  is  14. 

Also,  a,  a  +    d,  a  -*•  Sd,  a  -i-  3d,  a  +  4d, 

a  •*■  id,  a  -t-  3d,  a  -i-  Qd,  a  -f-    d,  a 
turns  2a  +  4d,2a  -I-  id,  2a  +  id,  2a  4-  4d,  2a  +  4d. 

3.  And  hence  it  follows,  that  double  the  sum  of  all  the 
termi  in  the  teries,  is  equal  to  the  sum  of  the  two  extreme* 
multiplied  by  the  number  of  the  terms ;  and  consequently, 
that  the  single  sum  of  all  the  terms  of  the  series,  is  equal 
to  half  the  taid  product.  So  the  sum  of  the  7  terms,  I, 
3,  5,  7,  9,  n,  13,  is  (1  ^.  13)  X  4  _  '^  X  7  =  49. 
And  the  sum  of  the  five  terms 

a,  a  ■*-  d,  a  +  2d,  a  +  Sd,  a -t-  4d,  it  {8a  +  *d)  k  i. 

4.  Hence  alto,  if  the  first  terra  of  the  progression  be  O, 
the  sum  of  the  series  will  be  equal  to  half  the  product  of 
the  last  term  multiplied  by  the  number  of  termi :  i.  e.  tha 
Slim  of 

0 +.  d  +  3d  +  3d  ■*■  U (n  -  l)(i  =  in .  (b  -  l)d, 

where  n  is  the  number  of  terms,  supposing  0  to  be  one  of 
them.  That  is,  in  other  words,  the  sum  of  an  arithmeti- 
cal progretuon,  whether  finite  or  infinite,  wboie  fint  tena 
is  0,  is  to  the  sum  of  as  many  times  the  greatest  term,  in 
the  ratio  of  1  to  2. 
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5.  In  lik«  mMner.  the  lum  of  the  aqauta  of  the  tern»  fl.  A  ByDopdi  of  all  the  theoreou,  or  rdalions,  in  an 
of  luch  a  teriei,  beffinniogat  0,  ii  to  the  aum  of  as  many  arithmetical  progreuioH,  between  the  extremes  or  fint  and 
termi  each  equal  to  ibegreateit.in  tbentio  ofl  to  3.  And  liut  term,  the  Bum  of  the  series,  the  number  of  lermi,  and 

6.  The  sum  of  the  cube*  of  the  terms  of  luch  a  series,  the  common  difference,  is  as  follows : 
is  to  the  sum  of  as  many  times  the  greatest  term,  in  the  ■    via,  if  a  denote  the  least  term, 
ratio  of  1  to  4.  «  Ae  giealett  term, 

7.  And  universdly,  if  every  tetm  of  such  a  progreuion  d  the  common  dlBereuce, 
be  raised  to  the  m  power,  then  the  sum  of  all  those  powers  n  the  number  of  term*. 

'  wilt  be  to  the  sum  of  as  many  terms  equal  to  the  greatest,  .   •  the  sum  of  the  series ; 

in  the  ratio  of  I  to  m  -•-  1.     That  is,  then  will  each  of  these  five  quantities  be  expresiedin  tennt 

thesumO    •*-  d     ■*■  2d  -i-  3d— /,  of  the  others,  aa  below: 

is  to         t~  •*■  t'  ■*■  f  -h  f -/■, 

in  the  ratio  of  1  to  »i  -t-  1. 


-  l)d=  _- t  =  i- 


«  =»  fl  +  («  -  1)  i  =  f-- 


_  ^-a*^(^ -<>)••*■  Id,)  _  iJ  +  t-s/fCtJ+t)'-ad.) 


And  most  of  .these  expressions  will  become  much  simpler 
if  tbe  first  term  be  0  instead  of  a. 

Otomelrical  PaooRMSiON,  h  a  series  of  quaiitities  pro- 
ceeding in  the  same  continual  ratio  or  proportion,  either 
incrviuing  or  decreasing ;  or  it  is  a  series  of  quantities  that 
nre  continually  proportional ;  or  which  increase  by  one 
common  multiplier, or  decrease  by  one  common  divisor; 
which  common  multiplier  or  divisor  is  called  the  common 
ratio.    As, 

increasing,       I,      i,    *,    ».     16,  &c, 
decreasing,   81,    37,    9.    3.      ^'  *•==         , 
where  the  former  progression  increases  continually  bythe 
common  multiplier  2,  and  the  latter  decreases  by  the  com- 
Don  divisor  3. 

Or  ascending,     a,  ra,  r*a,  r'a,  Sec, 

or  descending,    a,  — .   -p.    ^,  &c; 
where  the  first  term  is  a,  and  common  ratio  r. 

I.  Hence,  the  same  principal  properties  obtain  in  a  geo- 
metriaal  progression,  as  have  been  remarked  of  the  arith- 
metical one,  using  only  multiplication  in  the  geomelricals, 
for  addition  in  the  aritlimeticals,  and  division  in  the  for- 
pier  for  subtraction  in  the  latter.  So  that,  to  construct 
a  geometrical  prngresiion,  from  any  given  firat  term,  with 
a  given  cummmi  ratio;  multiply  the  ist  term  continually 
by  the  common  ratio,  for  the  rest  i.f  the  terms  wrhen  the 
■eries  is  an  ascending  one;  or  divide  continually  by  the 
common  nitio,  when  it  is  a  descending  progression. 

S,  In  every  geometrical  progression,  the  product  of  the 
extreme  terms,  is  eijual  to  the  product  of  every  pair  of 
the  lntermi'<iifiti'  terms  that  are  equidis)ant  from  the  ex- 
tremes, end  also  equal  to  the  square  of  llie  middle  term 
when  there  is  a  middle 


to  the  first  term  tnultiplted,  or  divided,  by  the  ratio  raised 
to  the  power  whose  exponent  is  less  by  1  than  the  number 
of  terms  in  the  series;  so2  =  «r»-'  when  the  serie:,  it  an 


ascending  one,  or  s 


It  is  a  descending  pro- 


n  uneven  number  of  the 


Thu! 


8,     l€, 


prod,     lb    16    16'    lb'    10 
Also      a,     ra,    r'a,     i^a,    r*a, 


prod- 
3.  The  last  tei 


1  of  a  geometrical  progression,  is  equal 


gretaion. 

4.  As  the  sum  of  all  the  antecedents,  or  all  the  terns 
except  the  least,  is  to  the  sum  of  all  the  consequents,  or 
all  the  terms  except  the  greatest,  so  is  1  to  r  the  ratio.  For, 

if  a  +  ro  +  r^a  -*-  r'o  be  all  except  the  last, 
then  ra  +  r*a  ■*■  r'a  ■*■  r*a  hre  all  except  the  fiijt; 
where  it  is  evident  that  the  'former  is  to  the  latter  as  1  to 
r,  or  the  former  multiplied  by  r  gives  the  latter.  So  that, 
a  denoting  the  lait  term,  a  the  first  term,  and  r  the  ratio, 
also  (  the  sura  of  all  the  terms ;  then  »  ~  t :  i  —  a  :  :  \: 
r,  or  »  —  a  ^  (f  —  i)r.  And  from  this  equation  all  the 
relations  among  the  four  quantities  a,  c,  r,  i,  aie  easily  de- 
rived; such  as  (  =: — — — ;  viz,  multiply  thegrcBtestlerm 
by  the  ratio,  subtract  the  least  term  from  the  product, 
then  the  remainder  divided  by  1  less  than  the  ratio,  will 
give  the  sum  of  the  series.  And  If  the  least  term  a  be  0, 
which  happens  when  the  descending  progression  is  infinite- 
ly continued,  then  the  sum  is  barely .  As  in  the  in- 
finite progression  1  -t-  i  •*■  i  ■*■  i  &c,  where  2=  1,  and 

5.  The  first  or  least  term  of  a  geometrical  progression, 
is  to  the  sum  of  all  the  terms,  as  the  ratio  minus  I,  to 
the  n  power  of  the  ratio  minus  I ;  that  is  a  ;  t : ;  r—  1  : 
r-  —  1. 

'     Other  relations  among  the  five  quantitiei  a,s,r,n,  t, 
where 

a  denote*  the  least  term, 

B  the  greatest  term, 

r  the  common  ratio, 

n  the  number  of  terms, 

f  the  sum  of  the  progression, 
are  as  below  ;  viz, 
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In  the  firat  place  therefore  it  wil!  be  proper  to  coraida 
the  common  iloclrirte  of  prnjectiles,  or  that  on  tbe 'para- 
bolic ihcoTj ,  or  as  depending  ooly  on  the  naturu  of  gravity 
and  the  projectile  motion,  as  abstracted  from  the  resiit- 
anceof  the  medium. 

About  300  years  ago.-philotophen  took  tbe  line  de- 
scribed by  a  body  projected  horiioiitally,  such  as  a  bullet 
out  of  a  cannon,  while  the  force  of  tbe  powder  greatly 
exceeded  the  weight  of  the  bullet,  to  be  a  right  line,  after 
which  ibey  allowed  it  became  a  curve,  Nicholas  Tartaglia 
was  tbe  first  who  perceived  the  mistake,  maintaining  that 
the  path  of  tbe  bullet  was  a  curved  line  through  the  whole 
of  its  extent.  But  it  was  Galileo  who  first  determined 
what  parliculur  curve  it  is  thut  a  projectile  describes; 
showing  that  the  path  of  a  bullet  projected  horiiontally 
from  an  eminence,  was  a  parabola  ;  the  vertex  of  which  is 
the  point  where  the  bullet  quits  tbe  cannon.  And  the 
Harm^ncal  Proghessioh,  is  a  continued  series  of    same  is  proved  generally,  in  the  3d  section  following,  when 

terms  in  htrmonical  proportion.     Tbe  reciprocals  of  an     the  projecliun  is  made  in  any  direction  whatever,  vii,  that 

arithmetical  progression  form  an  harmonical  progression,     the  cune  is  always  a  parabola,  supposing  the  body  moves 

Thus,  tbe  reciprocals  of  the  arithmetical  scries  1,  S,  3, 4,     in  a  non-i-esiiiing  medium,  and  that  gravity  acts  upon  it  in 

S,  6,&cgive4,  i,  |,  ^,  4, -§,  &c,  fo  ran  harm  on  ical  series,     lines  parallel  to  each  other.  — It  is  true,  that  this  is  not  ac- 
For  other  kinds  of  Pr^ression,  see  Phoportiom,  and     curately  the  case,  because  this  force  always  lends  to  tbe 

61R1BB.  centre  of  gravity  of  the  earth  ;  but  the  inclination  of  theae 

PKOJECTILE,  in  Mechanics,  is  any  body  which,  being     lines  is  too  trifling  to  affect  tbe  parabolic  theory  of  pro- 
put  into  a  violent  motion  by  an  external  force  impressed    jectiles.  , 

upon  it,  is  dismissed  from  the  agent,  and  left  to  pursue  its  The  Lttni  qf  the  Motion  ^  Projxctii.B5.     . 

course.     Such  as  a  stone  thrown  oat  of  tJie  band  or  a         I.  Ifa  heavy  body  he  projected  perpcndiculariy,  itwiU 

iling,  anarrow  from  abow,  a  ball  from  «  gun,  &c.  — '■ •-  '        '  '  

PROJliCTILES,  the  science  of  the  motion,  velocity, 

fligbt,  range,&c,  ofaprojectile  put  into  violent  motion  by 

loracexternal  cause,  as  the  force  of  gunpowder,  &c.  This 

is  the  foundation  of  gunnery,  under  which  article  may, be 

found  all  that  relates  peculiarly  to  thai  branch. 

All  bodies,  being  indifferent  as  to  motion  or  rest,  will 

necessarily  conlinile  in  the  state  they  are  put  into,  except 

so  far  as  they  arc  retarded,  and  forced  10  change  it  by  some 

new  cause.     HHice,a  pnijictile,  put  in  motion,  must  con- 
tinue eternHlly  to  move  on  in  the  same  right  line,  and  with 

the  sane  uniform  or  constant  velocity,  were  it  to  meet 

with  no  resistance  from  tbe  medium,  nor  had  any  force  of 

gravity  to  encounter. 

In  the  first  case,  the  theory  of  projectiles  would  he  very 

umple  indeed  ;  for  there  would  be  nothing  more  to  do, 

than  to  compute  the  space  passed  over  in  a  given  timc'by 

a  given  constant  velocity;  or  either  of  these,  froiA  the 

other  two  being  given. 

But  by  tbe  constant  action  of  gravity,  the  projectile  is 

continually  deflected  more  and  more  from  its  right-lined 

course,   and  that  with  an  accelerated  velocity;  which, 

being  combined  with  its  projectile  impulse,  causes  the 

body  toraoveinacurvilineal  path,  with  a  variable  motion, 

which  path  is  the  curve  of  a  parabola,  as  will  be  proved 

below  ;  and  the  determination  of  the  range,  til 

angle  of  projection,  and  variable  velocit; 

is  usually  meant  hy  the  doctrine  of  projectiles,  in  the  com- 
mon acceptation  of  tbe  term. 

What  is  said  above  however,  ia  to  he  understood  of  pro 

jectiles  moving  in  a  notv resisting  medium  ;  for  when  thi 

reaistance  ef  tbe  air  is  also  considered,  which  is  enor 

mously  great,  and  which  very  much  impedes  the  first  pro- 


to  ascend  or  descend  perpendicularly  ;  because 
both  the  projecting  and  the  gravitating  force  are  found  is 
the  same  line  of  direction. 

if.  If  a  body  be  projected  in  free  space,  either  parallel 
to  the  horizon,  or  in  any  oblique  direction;  it  will,  by 
this  molion,'in  Conjunction  with  the  action  of  gnnty,  de- 
scribe the  curve  line  of  a  parabohk 


For  let  the  body  be  projected  from  a,  in  the  direction 
All,  with  any  uniform  velocity  ;  then  in  any  equal  portions 
of  time  it  would,  by  that  impulse  aione,  describe  the  equal 
spaces  AB,  BC,cD,  &c  in  the  IiiieAD,ifitwerenotdrawn 
>,"and'variable  velocityrc'onstrtutes"w°hat  co""""""?  """wn  *«'o*  >l»l  ''"e  by  the  action  of  gravity. 
Draw  BE,  cr,  DO,  &c,  m  the  directioji  of  gravity,  or  per- 
pendicular to  tbe  borison  ;  and  take  be,  cr,  no,  &c,  equal 
to  the  spaces  through  which  Ihebody  would  descend  hy  its 
gravity  in  the  same  tiinesin  which  it  would  uniformly  pass 
over  the  spaces  ab,  ac,  ao.  Sec,  by  the  projectile  motion. 
Then,  since  by  these  motions,  the  body  is  carried  over -the 
jectile'vilocity,  the  path  deviates  greatly  from  the  paribo-  space  AP  in  the  same  time  as  the  space  be,  and  the  space 
la,  and  tbe  determination  of  the  circumstances  of  its  mo-  '<= '«  ^^^  """^  "™*  *•  ""^  'P""  <=^'  *"**  ""^  ^P""  ''^  '" 
lion  becomes  one  of  the  most  complex  and  difficult  pro-  liie^nw  """e"^  the  space  do.  Sic;  therefore,  by  tbecom- 
blems  in  nature.                                                                         nrwitmn  of 


position  of  motions,  at  tbe  end  of  those  times  the  body 
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will  be  found  respectively  in  the  poinU  %,  r,  g,  &c,  aDd.  tbe  perpendicular  velocity  &t  D,aSACto2cD;  and  as  tbcse 
consequently  the  real  path  of  the  projectile  will  be  the  velocities  are  equals  therefore  acot  bd  is  equal  to  2cd  or 
curve  line  aefo&c.  But  the  spaces  ab,  ac,  ad,  &c,  Sab  ;  and  hence  ab  or  afis  equal  tojBDur  }  of  the  pa- 
being  described  by  uniform  moitoo,  are  as  the  times  of  raineter  of  the  diameter  ab  bj  the  nature  of  the  parabola, 
description ;  and  the  spaces  bb,  cf,  do,  &c,  described  in  Hence,  i.  If  through  the  point  p,  the  line  fl  be  drawn 
the  same  timet  by  the  accelerating  force  of  gravity,  are  as  perpendicular  to  af  ;  then  the  velocity  iu  the  curve  at 
the  squares  of  the  times ;  consequently  the  perpendicular  every  [Mint,  will  be  equal  to  the  velocity  ncquired  by  lall- 


desceola  are  as  the  squares  of  the  spaces  in  ad, 
that  is  •  -  -         BB,     cf,     do,     &c, 

are  respectively  proportional  to  ab*,  ac^,  ad\  &c, 
which  IS  the  same  as  the  property  of  the  parabola.  There- 
fore the  path  of  the  projectile  is  the  parabolic  line  aefo 
&c,  to  which  AD  is  a  tangent  at  the  point  a. 

Hence,  1.  The  horizontal  velocity  of  a  prujectile  is  al> 
ways  the  same  constant  quantity, 
Curve ;  because  the  horiiontal  mol 

tio  to  the  motion  in  ad,  which  is  the  uniform  projectile 
motioB ;  vis,  the  coBstant  horiiontal  velocity  being  to 
the  ptojectite  velocity,  as  radius  to  the  cosine  of  the  angle 
DAB,  or  angle  of  elevation  or  depression  of  the  piece  above 
or  below  the  horisontal  line  ah. 

2.  The  velocity  of  the  projectile  in  the  direction  of  the 
curve,  or  of  its  tangent,  at  any  point  a,  is  as  the  secant  of 


log  through  the  perpendicular  distance  of  the  point  from 
the  said  line  fl  ;  that  is,  a  body  falling  freely  through 
fa,  acquires  the  velocity  in  the  curve  at  a, 


atH. 
s  what  u  called 


,     .  The  reason  of  which  is,  that  the  lin< 

eveiy  point  of  the    the  directrix  of  the  parabola,  the  property  of  which  i 
'■  —  a  constant  ra-     that  the  perpendicular  to  it,  from  every  point  of  the  curve, 
is  equal  to  one-fourth  of  the  parameter  of  the  diameter  at 
that  point,  vis, 

PA  =  }  the  parameter  of  the  diameter  at  a, 
EF  =  -  -  -  at  F, 

ss=*-  -  -  at», 

LH  =  .    -  -  '  at  u. 

3.  If  a>body,  after  falling  through  the  height  fa,  which 


IK  angle  bai  of  direction  above  the  honson.     For  the    j^  |  ^^  ^j,_  ^^j  „ten  it  arrives  at  a  if'its  course  be 

™«,i„M  ;«  rt..  ».™™,.i  A:r^„.r.  .  T  h«n„  ™,..,..  .«rf       j^^^^j^  ^^  reflection  from  a  firm  plane  ai,  or  otherwise, 

into  any  direction  ac,  without  altering  the  velocity ;  and 
if  AC  be  taken  equal  to  2af  or  SAB.and  the  parallelogram 
be  completed ;  the  body  will  describe  the  parabola  passing 


inotiou  in  the  horizontal  direction  ai  being  constant,  and 
AI  being  to  as  as  radius  to  the  secant  of  the  angle  a 
therefore  the  motion  at  a,  in  ab,  is  as  the  secant  of  thi 

angle  A.  .  

S.  The  velocity  in  the  direction  do  of  gravity,  or  pei^  ihrouglT'th^Voint  d. 
pendicular  to  the  honion,  at  any  pomt  o  of  the  curve,  is        3    Because  ac  =  Sab  or  «CD  or  2ap,  therefore  ac'  =z 

to  the  first  umform  projectile  velocity  at  a,  as  Sc  i>  to  ad.  ^^j.  .  acn  or  af  .  4cd  ;  and  because  all  the  perpendicu- 

Forthetimesof  descnbmg  ad  and  do  being  equal,  aud  ig„  ep,  CD,r.H  are  as  a e',  ac*,  ao»;  therefore  also  af  . 

the  velocity  acquired  by  freely  descending  through  do  ^„  _  ^j.._  ^^^  ^p     4^^  _  ^^^  &c ;  and  because  the 

being  such  as  would  carry  the  body  uniformly  over  twice  rectangle  of  the  extremes  is  equal  to  the  rectangle  of  the 

DO  in  an  equal  time,  and  the  spaces  described  with  uniform  „  „f  f^^^  proportionals,  therefore  it  is  always, 

motions  being  as  the  velocities,  it  follows  that  the  space  ^^^  af  :  ab  :  ;  ab  :  4bf 

AD  is  to  the  space  ino,  as  the  projectile  velocity  at  a  is  ^^^  ^^  '.  ^f,  '.  '.  ^f.  .  ^^q 

to  the  perpendicular  velocity  at  o.  ■  .„j  ^p  .■  ^^  .' .'  ^^  '.  ^^ ; 

HI.  The  velocity  in  the  direction  of  the  curve,  at  any  ^^^  ^  ^^ 

pcnnt  of  it,  as  a,  is  equal  to  that  which  is  generated  by        (tt   u    --'.•<-     ^'        r  ■    ^, 

S.rilYiD;b<xi;fr«),d»a«dii,glh,ough.V«'ki':k  •  Havmg  g,«n  Ihe  d,™cl,»  of  .  ^r<,j«l,le,  ,„d  4= 

Se,IlBo™iunhofth.  piriia.laoflhe  di.m.ter  ■»]>•■»• -t  tlilKJe  J™  f"'!."  «."t  yeloaty ;  todn.rm,,,. 


to  the  parabola  at  that  point. 


d  the  random  or 


*^ 


It  height  1 
horisontal  range. 

Let  AP  be  the  height  due  to  the  projectile  velocity  at 
A,  or  the  height  which  a  body  must  &I1  to  acquire  the 
same  velocity  as  the  pro- 
jectile has  in  the  curve  at 
a;  also  AO  the  direction, 
and  Au  the  horizon.  Upoa 
AG  let  fall  the  perpendicu- 
lar pq,  and  on  ap  the  per- 
pemTicular  QB ;  soshallAft 
be  equal  to  the  greatest  al- 
titude cv,  and  4rq  equal  to 
the    horisontal  range  ah. 

Or,  having  drawn   fq  perpendicular  to  ao,  take  ao  s 
Ut  FA  or  AB  be  the  height  due  to  the  velocity  of  the    *■*"'  *"•'  *'"*  <"*  perpendicular  to  ah;  then  ah  is  the 
projectile  at  any  point  a,  in  the  direction  of  the  curve  or    ?''^'     ,     , 

ungent  ac,  or  tie  velocity  acquired  by  foiling  through  ^^l  ^^  *!"  '"f  cor.  -  -  -  ap  :  ao  : :  ao  :  4oh, 
ihSTeight;  and  complete  the  patallelogrlmAC^B.  Tbin  "id  by  sim.  mangles.  -  -  af  :  ao  :  :  aq:  ok, 
is  CD  »  AB  or  AF  the  height  due  to  the  velocity  in  the  "     ap  :  ao  :  :  4aq  :  4oh  j 

curve  atA  ;■  and  cdU  also  the  height  due  to  the  perpeu-    therefore  ao  =  4A«;  and,  by  similar  triangles,  ah  b 
dicular  velocity  at  d,  which  will  therefore  be  equal  to  the    **«• 
former :  but,  by  th«  last  corollaij,  the  vdoci^  at  a  is  to        Abo,  if  »  be  the  vertex  of  the  parabola,  then  ab  or 
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fto  ae  2aq,  or  aq  sb  qb;  cons«inently  ab  =  av  which  the  eteratioa  of  AA" ;  tliat  is,  the  range  at  15"  U  equal  to 

ii  =  cv  by  the  nature  of  the  parabola.  the  impetus  or  height  due  to  the  projectile  velocity. 

Hence,  1.  Because  the  angle  q  is  a  right  angle,  which  7.  The  greate«  altitude  cv,  being  equal  to  ia,  is  ai  the 

is  the  angle  iu  a  semicircle,  therefore  if  upon  ap  as  a  versed  sine  of  double  the  angle  of  elevation,  and  also  as 

a  semicircle  be  described,  it  will  pass  through  APorthe  square  of  the  velocity.     Or  as  the  square  of  the 


diameter  a 
the  point  q. 


sine  of  elevation,  and  the  square  of  the  velocity ;  for  the 
square  of  the  sine  is  as  the  versed  sine  of  tho  double  angle. 
8.  The  timeof  flight  of  the  projectile,  which  is  equal  to 
the  time  of  a  body  falling  freely  through  nn  or  4ct,  4 
times  the  altitude,  is  therefore  as  the  square  root  of  the 
altitude,  or  as  the  projectile  velocity  and  sine  of  the  ete- 

9-  And  hence  may  be  deduced  the  following  pet  of  theo- 
rems, for  finding  all  the  ciccumstaoces  relating  to  pro- 
jectiles  on  horisoiital  planes,  having  any  two  of  tbera 
given.    Thus,  let 

a,e,t  =  sine,  cosine,  and  tang,  of  elevation, 
a,  e  =  sine  and  vers,  of  double  the  elevation, 
a  the  horizontal  range,  t  the  time  of  flight,  t  the  projectile 
3,  If  the  horizontal  range  and  the  projectile  velocity    velocity,  h  the  greatest  height  of  the  projectile,  £  =  l6^ 


be  given,  the  direction  of  the  piece  so  as  to  strike  the  ob-    f^t,  and  a  =  the  impetus 
ject  H  will  be  easily  found  thus  :  Take  ad  =:  {ah,  and     <^>'y  ▼•     Then, 
draw  DQ  perpendicular  to  ah,  meeting  the  semicirc?s  de-     a.  =  9aii   =  a«u<  _  V!l 
scribed  on  the  diameter  af  in  q  and  q;  then  either  aq  or 
Af  will  be  the  direction  of  the  piece.      And  hence  it  ap- 
pears, that  there  are  two  directions  ab  and  aJ  which, 
with  the  same  projectile  velocity,  give  the  very  same  ho- 
rizontal range  ah  ;  and  these  two  directions  make  equal 
angles  f  ad  and  qap  with  am  and  af,  because  the  arc  f«     h  =  o^  =  |i 
is  equal  to  the  arc  Af. 

S.  Or  if  the  range  ah  and  direction  ab  be  given ;  to 
find  the  altitude  knd  velocity  or  impetus:  Take  ad  = 
{ah,  and  erect  the  perpendicular  dq  meeting  ab  in  q  ; 
so  shall  DQ  be  equal  to  the  greatest  altitade  cv.  Also 
erect  ap  perpendicular  to  ah,  and  qp  to  aq  ;  so  shall  ap 
be  the  height  due  to  the  velocity. 


r  the  altitude  diie  to  the  velo- 


5^  =  2l  : 


y;.  To  determine  the  range  on  an  oblique  plane ;  having 
given  the  impetus  or  the  velocity,  and  the  angle  of  di- 
rection. 
.- „ -  ^  Let  AE  be  the  oblique  plane,  at  a  given  angle  above  or 

4.  When  the  body  is  projected  with  the  same  velocity,  below  the  horizontal  plane  ah  ;  ag  the  direction  of  the 
but  in  different  directions  1  the  horizontal  ranges  ab  will  piece;  and  ap  the  altitude  due  to  the  projectile  velocity 
be  a^  the  sines  of  double  the  angles  of  elevation.  Or,  at  A. 
which  is  the  same  thing,  as  the  rectangle  of  the  una  and 
cosine  of  elevation.  Por  ad  or  rq,  which  u^ah,  is  the 
-sine  of  the  arc  aq,  which  measures  double  the  angle  Qad 
of  elevation. 

And  when  the  direction  is  the  same,  but  the  velocities 
different,  the  horizontal  ranges  are  as  the  square  of  the  ve- 
locities, or  as  the  height  a  f  which  is  as  the  square  of  the 
velocity  ;  for  the  sine  a  d  or  RH,  or  ^ah,  is  as  the  radius, 
or  as  the  diameter  ap. 

Therefore,  when  both  arc  different,  the  ranges  are  in  the' 
compound  ratio  of.  the  squares  of  the  velocities,  and  the 
sines  of  double  the  angles  of  elevation. 

5.  The  greatest  range  is  when  the  angle  of  elevation  is  -    ,     ,      , 

half  a  right  angle,  or  45°.  For  the  double  of  45  is  90°,  By  the  last  prop,  fiid  the  horizontal  range  ah  to  the 
■which  has  the  greatest  sine.  Or  the  radius  OS,  which  is ^  given  velocity  and  direction;  draw  he  perpendicular  to 
of  ihie  range,  is  the  greatest  sine.  ah  meeting  the  oblique  plane  in  x ;  draw  zf  parallel 

Andhencethegreutmt  range,  or  that  at  an  elevation  of  to  the  direction  ao,  and  pi  parallel  to  he;  so  shall 
45°,  is  just  double  the  altitude  ap  which  is^ue  to  the  the  projectile  pass  through  i,  and  the  range  on  the 
velocity.  Or  equal  to  4vc.  And  consequently,  in  that  oblique  plane  will  be  ai.  This  is  evident  from  prob.  17 
case,  c  is  the  focus  of  the  parabola,  and  ah  its  parameter,     of  the  parabola  in  my  Treatise  on  Conic  Sections,  wher- 


And  the  ranges  are  equal  at  angles  equally  above  and  be- 
low 45°. 

6.  When  the  elevation  is  15°,  the  double  of  which,  or 
30°,  having  its  sipe  equal  to  half  the  radius,  consequently 
its  range  will  he  equal  to  ap,  or  half-  the  greatest  range  at 

Vol.  II.  , 


L  Conic  Sectio 
.  proved,  that  if  ah,  ai  be  any  two  lines  terminated  at 
the  curve,  and  if,  he  be  parallel  to  the  axt^ ;  ^hen  is  Kt 
parallel  to  the  tangent  ab. 

Hence,  1.  IfAobe  drawn  perpendicular  to  the  plane 
ai,  and  ap  be  bisected  by  the  perpendicular  bto;  then 
3K 
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with  Um  centre  o 
describing  a  circle 
tbrongh  a  And  Ptthe 
tame  will  aisu  |mu 
ttiruu^h  f,  becauie 
the  angle  QAi.furmed 
by  ibe  tangent  ao 
Knd  A  I,  is  equal  to 
die  angle  Arq,  which 
will  therefore  stabd  upon  the  same  arc  a^. 
*  2.  If  there  b«  given  the  range  end  velocity,  or  the  Im- 
petus, the  direction  will  then  be  easily  found  thus  :  Take 
At  =^Ai,  draw  jtf 
perpendiculer  to 
AH,  meeting  the 
circle  described 
with  the  radius  ao 
in  two  points  f  and 
q  ;  then  a^  or  Aq 
will  be  the  direc- 
tion of  the  piece. 
And  hence  it  ap- 
pears that  there 
are  two  directions, 
which,  with  the  sanae  impetus,  give  the  very  same  ranse 
Ai,  on  the  oblique  plane.  And  these  two  directions  make 
equal  angles  with  a  I  and  ap,  the  plane  and  ifae  perpendi- 
cular, because  the  arc  rq  ^  the  arc  Aq.  They  also  make 
equal  angles  with  a  line  drawn  from  a  through  s,  because 
the  arc  s^  =  the  arc  &q. 

3.  Or,  if  there  be  given  the  range  ai,  and  the  direc- 
tion Aq;  to  find  the  velocity  or  impetus.  Take  At  ^ 
4ai,  and  erect  kq  perpendicular' to  ah  meeting  the  line  of 
aireciion  in  q;  iben  draw  qv  making  the  angle  Aqr  ss 
the  angle  Akq;  so  shall  ap  be  the  impetus,  or  altitude 
due  to  the  projectile  velocity. 

4,  The  range  on  an  oblique  plane,  with  a  given  eleva- 
tion, is  directly  as  the  rectangle  of  the  cosine  of  the  direc- 
tion of  the  piece  above  the  horizon  and  the  sine  of  the  di- 

n  above  the  oblique  plane,  and  reciprocally  as  the 
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6.  The  time  of  flight  in  the  curve  api  is  =  ^^— , 

where  g  n  l&rr  '^'^  A"*'  iherclbre  it  u  as  the  ve- 
locity and  tine  of  direction  above  the  plane  dirtctly, 
and  cosine  of  the  plane's  inclination  reciprocally,  for 
the  time  of  describing  the  curve,  is  equal  to  the  time  of 
falling  freely  through  ai  or  4l9  or-^  n  ap.  Therefore, 
the  time  being  as  the  square  roof  of  the  distance,  ^g : 
■^V^'P  :  :  l"  :  —■/—  the  time  of  flight. 

7.  From  the  foregoing  corollaries  may  be  collected  the 
following  set  of  theorems,  relating  to  projectiles  made 
on  any  given  inclined  planes,  either  above  or  below  the 
horisontal  plane.  In  which  the  letters  denote  as  before, 
namely,  / 

c  ^  COS.  of  direction  above  the  horizon, 

C  ==  COS.  of  inclinalion  of  the  plane, 

t  :=  sin.  of  direction  above  the  plane, 

a      the  range  on  the  oblique  plan^ 

T      the  time  of  flight, 

T      the  projectile  velocity, 

H      the  greatest  height  above  the  plane, 

a       the  impetus,  or  alt.  due  to  the  velocity  t, 

g  =  16^  feet.     Then 

»  =  -^  X  4a  =  ~t'  =  ^T*  =  ^H. 


'  =  ^/4<Is  =  cv'^  ! 


rV««- 


le  of  the  angle  of  the  plane  above  or  be- 


For  put  * 


rAVq, 


1.  PA?,        •, 

I.  Atd  or  Atq  o 


:a9  : 


Aqr. 


■.Ak  =  iA 


.,  £.  f  Al  0 
\.   4.    9 AH 

C  =:cos.  Z.  AiHori 
Then,  in  the  tri.  apj,  -  -  -  c  :  » 
and  in  the  tri.  Akq,  -  -  -  c  :  c  : 
therefore  by  compos.  •  -  -  t?:i:i 

So  that  the  oblique  range  ai  =  -^  x  4ap.  , 
Hence  the  range  is  the  greatest  when  Ait  is  the  greatest, 
that  is  when  kq  touches  the  circle  in  the  middle  point  a, 
and  then  the  tine  of  direction  passes  through  s,  and  bi- 
sects the  angle  formed  by  the  oblique  plane  and  the  ver- 
tex. Also  the  ranges  are  equal  at  equal  angles  above  and 
below  this  direction  for  the  maximum. 

5.  The  greatest  height  cd  or  ij  of  the  projectile,  above 
the  plane,  is  equal  to  ~^  x  ap.  And  therefore  it  is  as 
the  impetus  and  square  of  the  sine  of  direction  above  the 
plane  directly,  and  square  of  the  cosine  of  the  plane's  in- 
clinalion reciprocally. 

Fore  (sin.  aop)  :  t  (sin.  apj)  :  :  ap  :  Aq, 
and  c  (sin.  a^)  :  *  (mu.  (a?)  :  :  aj  :  kq, 
therefore  by  comp.  C*  :  r*  :  :  ap  :  A^. 


And  from  ^y  of  these,  the  angle  of  direction  may  be 

(y  (Ae  PaiA  (j^  Pa  o  J  ECTi  1C9  «  dqiendinj  OS  (Ae  fleriituncc 
i^lkt  Air. 

For  a  long  time  after  Galileo,  philosophers  seemed  to 
be  satisfied  with  the  parabolic  theory  of  projectiles,  deenO' 
ing  the  efiect  of  the  air's  rcsisitance  on  the  "path  as  of  no 
consequence.  In  process  of  lime  however,  as  the  true 
philosophy  began  to  dawn,  they  began  to  suspect  ibat  the 
resistance  of  the  medium  might  have  some  effect  on  the 
projectile  curve,  and  they  set  themselves  to  consider  this 
subject  with  some  attention. 

Huygens,  supptising  that  the  resistance  of  the  air  wai 
proportional  to  the  velocity  of  the  moving  body,  concluded 
that  the  line  described  by  it  would  be  akind  of  logarith- 
mic curve. 

But  Newton,  having  clearly  proved,  that  the  resistance 
to  the  body  is  not  proportional  to  the  velocity, itself,  but 
to  the  square  of  it,  shows,  in  his  Principia,  that  the  line 
a  projectile  discribes,  approaches  ncari^r  to  :m  hyperbola 
than  a  parabola.  Schol.  prop.  10,  lib.  2.  ThusifAOKbe 
of   the  hyperbolic  "' 


totes  is  NX,  pcrpendii 
the  horizon  a  a,  and  the 
other  IX  inclined  to  the 
same,  where  to  is  recipro- 
cally as  Ds",  whose  index  is 
n :  this  curve  will  nearer  re- 
present the  path  of  a  projec- 
tile thrown  in  the  direction 
an  in  the  air,  tban  a  para- 
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bol*.  Newton  indeed  says,  that  thece  hyperbolas  are  not 
accurately  the  curvet  tdat  a  projectile  makes  in  the  air; 
for  Ibf  true  ones  are  curve*  which  uboM  Uie  vertex  are 
more  distant  Irum  the  asymptotes,  and-io  the  pans  remote 
frum  the  axis  approach  nearer  to  the  atiymptaics  tha 


one,  who  to  *  proper  situation  views  the  flight  of  stones 
arrows,  or  shells,  thrown  to  any  considerable  distance. 

Mr.  Robins  hat  not  only  dettcted  thi!  errors  of  the  pa- 
rabolic theory  of  gunnery,  which  takes  no  account  of 
tha  raistance  of  the  air,  but  attempts  to  show  bow  to 


tbeM  hyperbolas  ;  but  that  in  practice  these  hyperbolas    rotnpute  the  real  range  of  resisted  tMidies.     But  for  tha 


method  which  he  proposes,  and  the  tables  he  has  com- 
puted for  this  purpose,  see  his  Tracts  of  Gunnery,  pa. 
183,  Sic,  vol.  1 ;  and  also  Euler'a  Commentary  on  the 
>same,  translated  by  Mr.  Hugh  Brown,  in  1777. 

There  is  an  odd  circumstance  which  often  takes  place 
in  the  motion  of  bodies  projected  with  considerable  force, 
which  shows  the  great  complication  and  difficulty  of  this 
subject ;  namely,  that  bullets  in  their  flight  are  not  only 
depressed  beneath  their  original  direction  by  the  action  of 
gravity,  but  are  also  frequently  driven  to  the  right  nr  left 
of  that  direction  by  the  action  of  tome  other  force. 
Mow  if  it  were  true  that  bullets  varied  their  direction 


nay  t>e  used  instead  of  .those  more  compc 
And  if  a  body  be  projected  fnim  a,  in  the  right  line  ah, 
end  Ai  be  drawn  parallel  to  the  asymptote  hx,  and  ot  a 
tangent  to  the  curve  at  the  vertex  :  Then  the  density  of 
the  medium  in  a  will  be  reciprocally  as  the  tangent  ah, 
and  the  body's  velocity  will  be  as  ^ — ,  and  the  resist- 
ance of  the  medium  will  be  to  gravity,  as 

AH   to  -^ —    X     AI.       ■ 

John  Bernoulli  constructed  this  curve  by  means  of  the 
<)uadrature  of  some  transcendental  curves,  at  the  ri>quest 

of  Dr.  Keil,  who  proposed  this  problem  to  him  in  1718.  by  the  action  of  gravity  only,  then  it  ought  to  bappc 

It  was  also  resolved  by  Dr.  Taylor ;  and  another  solution  thu  the  errors  in  their  flight  to  the  ri^t  or  left  of  the 

of  it  may  be  found  in  Hermann's  Phoronoraia.  mark  they  were  aimed  at,  should  increase  in  the  propof- 

The  commentators  Le  Sieur  and  Jacquier  say,  that  the  tion  of  the  distance  of.  the  mark  from  the  piece  only, 

description  of  the  curve  in  which  a  projectile  moves,  is  so  But  this  is  contrary  to  all  experience ;  the  same  piece 

very  perplexed,  that  it  can  scarcely  be  ekpocted  any  de-  which  will  carry  its  bullet  within  an  inch  of  the  intended 

duciion  !>hould  be  made  from  it,  either  to  philosophical  mark,  at   10  yards  dbtance,  cannot  be  relied  on  to  10 

or  mechanical  purposes :  vol.  8,  p^lIS.  inches  in  100  yards,  much  less  to  30  in  300  yards. 

Dan.'  Bernoulli  loo  proved,   that  the  resistance  of  the         And  this  inequality  can  only  arise  from  the  track  of  tha 

tir  has  a  very  great  effect  on  the  swift  motions,  such  aa  bullet  being  incurvated  sideways  as  well  as  downwards  j 

those  of  cannon  shoL     He  concludes  from  experiment,  for  by  this  means  the  distance  between  the  incurvated  line 

that  a  ball  which  ascended  only  7819  feet  in  the  air,  and  the  line  of  direction,  will  increase  in  a  much  greater 

would  have  ascended  58750  feet  in  vacuo,  being  near  a  rabo  than  that  of  the  distance  ;  these  lines  coinciding  at 


Comment.  Acad.  Petr.  torn.  2. 


the  mouth  of  the  piece,  and  afterwards  separating  in  the 


curve,  and  directed  the  calculation  and  use  of  a  number 
of  tables  for  the  solution  of  all  cases  that  occur  in  gun- 
nery, which  may  be  accomplisiied  with  nearly  as  much 


las^sUll  farther  investigated  ^he  nature  of  this  niMner  of  a  curve  from  its  tangent,  if  the  mouth  of  the 
^.^^  j^  considered  as  the  point  of  contact. 

This  is  put  beyond  a  doubt  from  the  experiments  made 
by  Mr.  Robins ;  who  found  also  that  the  direction  of  the 
jxpedition  as  by  the  common  parabolic  principles.  Me-  »hot  in  the  perpendicular  line  was  not  less  unceruin, 
moirs  of  the  Academy  of  Berlin,,  for  the  yaar  1753.  falling  sometimes  900  yards  short  of  what  it  did  at  other 
But  how  rash  and  erroneous  the  old  opinion  of  the  in-  times,  though  there  was  no  visible  cause  of  diflerence  in 
considerable  resistance  of  the  air  is,  will  easily  appear  making  the  experiment.  And  I  myself  have  often  ex- 
from  the  experiments  of  Mr.  Robins,  who  has  shown  that,  perienced  a  difference  of  one-fifth  or  one-sixth  of  the 
in  some  cases,  this  resistance  to  a  cannon  ball,  amounto  whole  range,  both  in  the  deflection  to  the  right  or  left,  and 
to  more  than  20  times  the  weight  of  the  ball ;  and  I  my-  also  in  the  extent  of  the  range,  of  cannon  shot, 
self,  having  prosecuted  this  subject  far  beyond  any  former  If  it  be  asked,  *h8t  can  be  the  cause  of  a  motion  *o 
example,  bave  sometimes  fofind  this  resistance  amount  to  diSerent  from  what  has  been  hitherto  supposed  I  It  may 
near  100  times  the  weight  of  the  ball,  vii,  when  it  moved  be  answered,  that  the  deflection  in  question  must  be 
with  a  velocity  of  2000  feel  per  second,  which  is  a  rate  owing  to  some  power  acting  obliquely  to  the  progressive 
of  almost  23  miles  in  a  minute.  What  errors  then  may  motion  of  the  body,  which  power  can  be  no  other  than 
not  be  expected  from  an  hypothesis  which  neglects  this  the  resistance  of  the  air.  And  this  resistance  may  per- 
force, as  inconsiderable  f  Indeed  it  is  easy  to  show,  that  haps  act  obliquely  to  the  progressive  motion  of  the  body, 
the  path  of  such  projectiles  is  neither  a  parabola  nor  from  inequalities  in  the  resisted  surface;  bul  its  general 
neariy  a  parabola,  For,  by  that  theory,  if  the  bail,  in  the  cause  is  doubtless  a  whirling  motion  acquired  by  the 
instancelastmentiotied,  moved  in  the  curveof  a  parabola,  bullet  about  an  axis,  by  its  friction  against  thV  sides  of 
its  horiiontal  range,  at  *5°  elevation,  will  be  found  to  be  the  piece  ;  for  by  this  motion  of  rotation,  combined  with 
almost  34  miles ;  whereas  it  often  happens  that  the  ball,  the  progressive  .  motion,  each  part  of  the  ball's  surface 
with  such  a  velocity,  ranges  far  short  of  even  one  mile.  will  strike  the  wr  in  a  direction  very  different  from  what 
Indeed  the  fallacy  of  this  hypothesis  almost  appears  at  it  would  do  if  there  was  no  such  whiri  ;  anil  the  obli- 
siglu,  even  in  projectiles  slow  enough  to  have  their  mo-  quity  of  the  action  of  the  air,  arising  from  this  cause, 
tion  traced  by  the  eye  r  for  they  are  seen  to  descend  will  be  greater,  according  as  the  rotatory  motion  of  the 
tbroagh  a  curve  manifestly  shorter  and  more  inclined  to  bullet  is  greater  in  proportion  to  its  progressive  motion. 
Uie  honton  than  tliat  in  which  they  ascended,  and  tho  Tracts,  vOl.  3. 

hj^t  jioint  of  their  flight,  or  the  vertex  of  the  curve,  is  M.  Eiilef,  on  the  contrary,  attributes  this  deflection  of 

much  nearer  to  the  place  where  they  Sail  on  the  ground,  the  ball  to  its  figure,  and  very  little  to  its  rotation  ;  for 

(halt  to  that  from  which  they  were  at  first  discharged,  if  the  ball  was  perfectly  round,  though  its  centre  of  gra- 

Th«se  things  cannot  tot  a  aonwat  be  doubled  of  by  aoy  vity  did  not  coiacide  with  (he  centre  of  spontaneous  ro- 
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talioD,  th«  deflection  from  the  axis  of  the  cylinder,  or 
lin«  of  direction  sideways,  would  be  very  jnconaiderabte. 
but  when  il  is  not  round,  it  will  generully  go  to  tbc  right 
or  left  of  its  direction,  &nd  so  raucb  the  more,  as  its  range 
19  greater.  From  his  reasoning  uii  this  subject  he  iiifers, 
that  cannon  shot,  which  are  niade  of  iron,  and  rounder 
and  less  susceptible  of  a  change  of  l^gure  in  passing  along 
the  cylinder  than  those  of  lead,  are  more  certain  tban 
musket  shot.  True'Principies  of  Gunnery  investigated, 
1777,  pa.  304,  &c.  -And  for  tbe  ex[ieriments  on  tbe  air's 
rrsislBDtc  to  all  balls  and  velocities,  with  the  application 
to  gunnery,  see  my  Tracts,  vols.  2  and  3. 
•  PROJECl'lON,  in  Mechanics,  the  act  of  giving  a  pro- 
jectile its  motion. — If  the  direction  of  the  force,  by  which 
the  projectile  is  put  iit  motion,  be  perpendicular  to  the 
horizon,  the  projection  is  said  to  be  perpendicular;  if 
parallel  to  the  apparent  horizon,  it  is  said  to  be  an  hori- 
lonlal  projection ;  and  if  it  make  an  oblique  nn^le  with  the 
horizon,  the  projection  is  oblique.  In  ail  caaes  the  angle 
which  the  line  of  direction  makes  with  tbe  horizontal  line, 
is  called  the  angle  of  elevation  of  tbe  prajectile,  or  of  de- 
pression when  the  line  of  direction  points  below  the  hori- 


Imm  <^  the  Orthographic  Ptk^Hok. 

1.  The  rays  coming  from  tbe  eye,  being  at  an  infinite 
distance,  and  making  the  projection,  are  parallel  to  each 
other,  and  perpendicular  t6  the  plane  of  projection. 

2.  A  right  line  perpendicular  to  the  plane  of  projection, 
is  projected  into  a  point,  where  that  line  meets  the  said 
plant-. 

3.  A  right  line,  as  ab,  or  cd,  not 
p<TpendicuUr,  but  either  piirallel  or 
oblique  to  the  plane  of  the  projecliun, 
is  projected  into  a  right  line,  as  ep  or 
oil,  and  is  always  comprehended  be- 

I  iheottrt'me  ptrpendiculdrs  ab 


'If  the  direction  of  the  force,  by  which     and  bf,  or  cc  and  dh. 

'■     '  '  4.Thc  projection  of  tbe  line  ab  is  the 


tal  lin 
Projection, 


greatest,  when  ab  is  puratle)  to  the  plane  of  theprujectii 

5.  Hence  it  is  evident,  that  a  line  parallel  to  the  plane 
of  projection,  is  projected  into  a  right  line  equal  to  itself; 
but  a  line  that  is  oblique  to  tbe  plane  ofprojection,  is  pro- 
jecced  into  one  that  is  less  than  itself. 

6.  A   plane    surface,    as    acbd,  r 
perpendicular  to  the  plane  of  pro- 
jection, is  projected  into  the  right 

Perspective,  denotes  tbe  appearance     line,  as  ab,  in   which   it  cuts  that 


r  representation  of  an  object  on  the  perspective  pli 
So,  the  projection  of  a  point,  is  a  point,  where  the  optic 
ray  passes  from  the  objective  point  through  tbc  plane  to 
tbe  eye  ;  or  it  is  tbe  point  where  tbe  plane  cuts  the  optic, 
ray.  And  hence  it  is  easy  to  conceive  what  is  meant  by 
the  projection  of  a  line,  a  plane,  or  a  solid. 

PaojBCTioit  efthe  Sphtrein  Piano,  is  a  representation 
of  the  several  points  or  places  of  the  surface  of  the  sphere, 
and  of  tbe  circles  described  upon  it,  on  a  supposed  trans- 


Henca  it  is  evident,  that  the 
circle  ACBD  perpendicular  to  the 
plane  of  projection,  passing  through 
its  centre,  is  projected  into  that  dia- 
meter AB  in  which  it  cuts  the  plane  of  the  projeclioD. 
Also  Bny  arch  as  cc  is  projected  into  eo,  equal  to  ca,  the 
right  sine  of  that  arch  ;  and  the  complemental  arc  n  n 
projected  into  ob,  the  versed  sine  of  the  same  arc  CB. 

A  circle  parallel  to  the  plane  of  projection,  is  pro- 


parent  plane  placed  between  the  eye  and  the  sphere,  orsuch     jected  into  a  circle  equal  to  itself,  having  its  centre  tbe 
'    "'  ...■■-  ^        same  with  the  centre  of  the  projection,  and  its  radius  equal 

to  the  cosine  of  its  distance  from  the  plane.  And  a  circlo 
oblique  to  tbf  plane  of  pnijeciion,  is  projected  into  an  el- 
lipsis, whose  greater  axis  is  equal  to  ibe  diameter  of  tbe 
circle,  and  its  less  axis  equal  to  double  the  cosine  of  tbc 
obliquity  of  the  circle,  to  a  radius  equal  to  half  Ibe  great- 
er axis. 

Propertiei  of  the  Sieratgrapkie  Profrciion. 

1.  In  this  projection  a  right  circle,  or  one  perpendicu- 
lar to  tbc  plane  of  projection,  and  passing  thniugh  tbe  eye, 

sphere  ;  the  first  meridian     is  projected  into  a  line  of  half  tangents. 

2.  The  projection  of  all  other  circles,  not  passing 
through  the  "projecting  point,  whether  parallel  or  obliquej 
are  projected  into  circles. 

Thus,  let  ACBDB  represent  a  sphere,  cut  by  a  plane  us, 
passing  through  the  centre  i,  perpendicular  to  the  diame- 
ter EH,  drawn  from  b  the  place  of  tbe  eye  ;  and  let  the 
section  of  the  sphere  by  tbe  plane  as  be  the  circle  CPDi,, 
that  in  which  the  surface     whole  poles  are  h  and  e.     Suppose  now  agb  a  circle  on 


as  they  appear  to  the  eye  placed  ata  given  distance. 
the  laws  ol  this  projection,  tee  Pkkspbctivb  :  the  pro- 
jection of  thi-  sphere  being  only  a  particular  case  of  per- 
spective.— The  chief  use  of  the  projection  of  the  sphere, 
is  in  the  construction  of  planispheres,  maps,  and  charts; 
which  are  said  to  be  of  this  or  that  pnijection,  according 
to  the  several  situations  of  tbe  eye,  and  the  pi-npcctive 
plane,  with  regard  to  the  meridians,  parallels,  and  other 
points  or  places  to  be  represented. — The  most  usual  pro- 
jection of  maps  of  the  world,  is  that  on  the  plane  of  th< 
meridian,  which  exhibits  a  right  sph 
being  the  horizon.  The  next  is  that  on  the  plane  of  tbe 
equator,  which  has  thu  pole  in  the  centre,  and  tbe  men- 
the  radii  of  a  circle,  &c  ;  which  represents  a  parai. 


1  is  usually  divided  into  or- 
;   to  which  may  be  added 


lei  sphere.     See  Ma 

The  projcctioLi  of  tbe  sph< 
thographic  and  stereograph! 
gn  Anionic. 

Orih(^aphic  PaojBCTiO] 

of  the  sphere  is  drawn  upon  a  plane,  cutting  it  in  tbe  mid-  the  sphere  to  be  projected,  whose  pole  most  remote  from 

die  ;  the  eye  being  placed  at  an  infinite  distance  vertically  the  eye  is  r  ;  and  the  visual  rays  from  tbe  circle  aob 

to  one  of  the  hemispheres.     And  meetingin  e,  to  form  the  cone  agbe,  of  which  the  trian- 

StereograpMc  Pbojection   of  (he  sphere,  is  that   in  gle  abb  is  a  section  through  the  vertex  e,  and  diameter 

whichtbesurface  nndcircles  oftbesphcrearedrawnupoD  of  the  base  ab:  then  will  tbe  figure  a^^,  which  is'^the 

the  plane  of  a  great  circle,  the  eye  being  in  the  pole  of  projection  of  the  circle  aob,   be  itself  a  circle.     Hence, 

that  circle.  tbe  middle  of  the  projected  diameter  is  the  centre  of  th« 

GAomoni'cafPRoiECTioK  Q^tAf  ^A«re,is  that  in  which  projected  circle,  whether  it  be  a  great  circle  or  a  small 

the  surface  of  the  sphere  is  drawn  upon  a  plane  without  one:  Also  the  poles  and  centres  of  all  circles,  parallel  to 

side  of  it,  commonly  touching  it,  the  eye  being  at  the  the  plane  of  projection,  fall  in  the  centre  of  the  projec- 

•  centre  of  the  sphere.     See  Gnohomical  Profeciion.  tion;  And  all  oblique  great  circles  cut  tbe  prinutive  circle 

in  two  points  diaractricaUy  opposite. 
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2.i  The  projected  diamelFT  of  Any  circle  sobtends  an 
angle  at  the  «ye  equal  la  the  distance  of  that  circle  from 
itj  nearest  pole,  taken  on  the  sphere ;  and  that  angle  is  bi- 
KCted  by  aright  line  joioing  the  eyeand  thatpole.  Thut, 
let  the  plane  us  cut 
the     sphere     upbo 
through  it*  ccnire  i; 
and  let  abC  be  any 
eblique  great  circle, 
whose  diameter  ac  is 
projected    into    ac ; 
and  KOL  any  small 
circle     parallel     to 
ABC,  whose  diameter 
XL  is  projected  in  kl. 
Then  ihr  distances  of 

thow  circles  I'rom  iheir  pole  t;  being  the  am  abf,  bhp  ; 
,  snd  the  angles  at,e,  Jcil,  being  the  angles  at  the  eye,  sub* 
tended  by  their  projectetl  dismeters,  ocand  ki.  It  follows 
that  the  angle  hec  is  measured  by  the  arc  ajip,  and  that 
the  angle  ks,ru  measured  by  the  arC  kbp;  and  these  au- 
gles  are  bisected  by  xp. 

3'.  Any  point  of  a  sphere  is'projected  at  such  a  distance 
from  the  centre  of  projection,  as  is  equal  to  the  tangent 
of  half  the  arc  intercepted  between  that-  point  and  the 
pole  opposite  to  the 
eye,  the  semidiameter 
of  the  sphere  being  ra-- 
diua.  Thus,  letcieji 
be  a  great  circle  of 
the  sphere,  whose  cen- 
tre iac,  QH  ihe  plane 
of  projection ,  cutting 
the  diameier  of  the 
sphere  in  b  and  a;  also 
E  and  c  the  poles  of 
the  section  by  that 
plane ;  and  a  the  projection  of  a.  Then  ea  is  equal  tb« 
tangent  of  half  the  arc  ac,  as  is  evident  by  drawing  CF 
equal  to  the  tangent  of  half  that  arc,  and  joining  cp. 

4.  The  angle  made  by  two  projected  circles,  is  equal  to 
'  Ihe  angle  which  these  circles  make  on  the  sphere.  For  let 
lACB  and  ABL  be'  twu 
circles  on  a  sphere  inter- 
secting in  A  ;  B  the  pro- 
jecting point ;  and  rs  the 
plane  ot  projection,  in, 
which  the  point  a  is  pro- 
jected in  a,  in  the  line  ic, 
the  diameter  of  the  cir- 
cle ACE.  Alto  let  DH 
and  ra  be  taugcnts  to 
tbecircles  ack  and  abl. 
Then  will  the  projected 
angle  lUtf  be  eqsal  to  the  sph^cal  ftogle  bac. 


5.  The  distance  between  the  poles  of  the  primitive 
circle  and  an  oblique  circle,  is  equal  to  the  tangent  of 
half  thi'  inclination  of  those  circles  ;  and  the  distance  of 
their  crntrcs,  is  equal  to  the  tangent  of  their  inclinatiOD  ; 
the  semidiameter  of  the  primitive  circle  being  radius.  For 
let  AC  be  the  diame- 
ter of  a  circle,  whose 
poles  are  p  and  q,  and 
inclined  to  the  plane 
of  projection  in  the 
angle  Air;  and  let  a, 
c,p  be  the  projections 
of  the  points  a>  c,  p  ; 
also  let  HaE  be  the 
projected  oblique  cir- 
cle, whose  centre  is  q. 
Mow  wlien  the  plane 
of  projection  becomes  theprimitive  circle,  whose  poleisi; 
then  is  ip  equal  to  the  tangent  of  half  the  angle  aif,  or 
of  half  the  arch  af  ;  and  iq  is  equal  to  the  tangent  of  aFi 
orof  the  angle  waa  =  aif^ 

6.  If  through  any  given  point  in  the  primitive  circle, 
an  oblique  circle  be  described  ;  then  the  centres  of  all 
other  oblique  circles  passing  through  that  point,  will  be 
in  a  right  line  drawn  through  the  centre  of  the  6rst  ob- 
lique circle,  and  perpendicular  to  a  line  passing  through 
that  centro,  the  given  point,  attd  the  centre  of  the  primi- 
tive cirele.  Thus,  let 
gace  be  the  primitive 
circle,  ADEiagreatcir-  . 
cle  described  through 
D,  its  centre  being  B. 
HK  isa  right  line  drawn 
through  B  perpendicn* 
lar  to  a  right  line  C^ 
pfissino  through  n  and 
B  and  the  centre  of  the 
primitive  circle.  Then 
the  centres  of  all  other  great  circlet,  as  fdo,  passing 
through  D,  will  fall  in  the  line  hk. 

7.  Equal  arcs  of  any  two  great  circles  of  the  sphere 
will  be  intercepted  between  two  other  circles  drawn  on 
the  sphere  through  the  remotest  poles  of  those  great  circles. 
For  let  PBBA  be  a 

■phere,  on  which 
AOB  arkd  CFD  arcT 
two  great  circles, 
whoseremotestpoles 
are  e  and  r ;  and 
ttimugh^  these  poles 
let  the  great  circle 
PBBC  and  the  small 
circle  posbcdrawn, 
cutting  the  great  cif 
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cles  ACB  and  cfd  in  the  point*  B,  a,  s,  f.    Then  are 
the  inlercppteil  arcs  as  and  DF'equal  to  each  otlicr. 

8.  If  liiica  be  drawn  from  the  proj.-ctcd  pole  of  any 
.   great  circle,  cutting  the  peripheric  of  the  projected  circle 

and  plane  ol  proji-ction  ;  the  intercepted  arcs  of  tho^  pe- 
npheries  ari  equal ;  that  is,  the  are  bc.  =  ((f. 

9.  The  rftilius  of  any  lesser  circle,  whose  plane  is  per- 
pendicular to  that  of  the  primitive  circle,  is  equal  to  the 
tangent  of  that  lesser  circle's  distance  from  its  pule  ;  and 
the  secant  of  that  distain'C  is  equal  lo  the  distance  of  the 
centres  of  the  primitive  and  lesser  circle.  For  let  p  be  the 
pole,  and  ab  the  dia- 


PRO 


;r  of  a  lessen 
its  plane  being  perpen- 
dicular to  that  uf  the 
primitive  circle,  whose 
centre  is  c :  then  d 
being  the  centre  of  the 
projected  leaser  circle, 
da  is  equal  to  the  tan- 
gent of  the  arc  PA,  and 
dc   ^  the    secant     of 


c  STF.azooRAPHiC  JVa;ec(ww. 

MfrtMor'sPtiOl ECTtOv.   SccMekcatoii,  andCBAKT. 

Pbojectiuh  of  Globes,  &c.     Seb  Globb,  &c. 

Polar  Projection,     See  Polak. 

Troszctzciv  cifShadowi.     See  Shadow., 

Projection,  or  Phojectubb,  in  Building,  the  out- 
jetting  or  prominency  which  the  mouldings  and  members 
have,  beyond  the  plane  or  naked  of  the  wall,  column,  &c. 

Montiroia  Frojbctioit.     See  An  AMoaFHuais. 

PROJECTIVE  i>ta/fm^,amannerufdrawingtfaehouT     all  the  terms  form  a  progre^ 


I,  the  furaiture  &c  of  dials,  by  a  method  of  projection 
on  any  kind  of  surface  whatever,  without  regard  to  the 
situation  of  those  surfaces,  either  aa  to  declination,  xecli- 


greater  than  that  of  the  9d,  the  multiple  of  the  Sd  n  alfo 
greater  than  that  of  the  4th.  And  this  definition  >s  gene- 
ral for  all  kinds  of  magnitudes  or  quaiititiea  whatever, 
though  a  very  obscure  one. 

Also,  in  the  7th  book,  Euclid  gives  another  definition 
of  proportioniils,  vis,  when  the  first  is  the  Mime  equimul- 
tiple of  the  2d,  as  the  3d  is  of  t))e  4lh,  or  the  same  part  . 
or  parts  of  it    But  this  definition  appertains  only  to  num- 
bers and  commensuraljle  quantities. 

Proportion  in  often  confounded  with  ratio;  but  they 
are  quite  ditferent  things.  For,  ratio  is  properly  the  re> 
lation  of  Iwomagnitudesor  quantities  of  one  and  the  same 
kind ;  as  the  ratio  of*  to  8,  or  of  15  to  30,  er  of  1  to  3  ; 
and  so  implies  or  respects  only  two  t^rms  or  things.  But 
proportion  respects  four  terms  .or  things,  or  two  ratios 
which  have  each  two  terms.  Though  the  middle  term 
may  be  common  to  both  ratios,  and  then  the  proportion 
Js  expressed  by  three  terms  only,  as  4,  8,  64,  where  4  w 
to  8  as  6  to  64. 

Proportion  is  also  sometimes  confounded  with  pro- 
gression. In  fact,  the  two  often  coincide  ;  the  difference 
between  them  on)y  consisting  in  this,  that  progression  is 
a  particular  species  of  proportion,  being  indeed  a  conti- 
nued proportion,  or  such  as  has  all  the  terms  in  the  sBra« 
ratio,  viz,  the  1st  to  the  Sd,  the  Sd  to  the  3d,  the  3d  to 
the  4th,  &c ;  as  the  terms  2,  4,  8,  16,  &c  ;  so  that  pro- 
gression is  a  aeries  or  continuation  of  proportions. 

Proportion  is  either  continual,  or  discrete  or  interrupted. 

The  proportion  is  continual   when  every    two,  adjacent 

terms  have  the  same  ratio,  or  when  the  consequent  jt  eacb 

ratio  is  the  antecedent  of  the  next  following  ratio,  and  so 

as  2,  4,  8,  16,  kc; 


2  is  to  4  as  4  to  8,  and  as  8  to  16.  & 

Discrete  or  interrupted- proportion,  is  wb^n  Ihe  coBse- 
quent  of  the  first  ratio  is  diftcrent  from  the  antecedent  of 
the  id,  &c;  as  2,  4,  and  3,  6. 

Proportion  is  also  either  direct  or  inverse. 

DirtcC  PttOPoRTiON  K  when  more  requires  iDore,  or 
less  requires  less.  As  it  will  nquire  more  men  to  pertbrm 
more  work,  or  tcwermenfor  less  tvorki  in  the  same  time. 

ImrTK  ur  Reciprocal  PaoFOHTiuR,  is  when  more  re- 
quires less,  or  less  requires  more. 
men  lo  perform  the  same  work  in 
in  more  time.     Kx.  If  6  men  can 
in  15  days,  how  many  mfi 
Then,  reciprocally     -     as 
or  inversely     -     as 

Proportion,  again,  is  distinguish^  into  arithmetical, 
Cape,  or    geometrical,  and  hariRnnical. 

Aiiihmet'cal  PauToaTios  is  the  equality  of  twoarith- 


•  ill  require  more 
m  ii-ss  time,  ur  tewermeD 
an  perlnrm  a  piece  ot  work 
I  do  the  same  m  10  days, 
o  J«  so  is  6  ;  9  J  the 
»  is  6  :  9  f 


See  Via 

prolate;  or  OBtoNO  Spheroid,  is  &  spheroid  pro- 
duced by  the  revolution  of  a  semiellipsis  about  its  longer 
diameter  -,  being  longest  in  the  direction  of  that  axis,  and 
resembling  an  egg,  or  a  lemon.  It  it  so  called,  in  oppo- 
sition to  the  oblate  or  short  spheroid,  which  is  formed  by 
the  rotation  of  a  semiellipsis  about  its  shorter  axis;  being 
therefore  shortest  in  the  direction  of  its  axis,  ur  flatted  at 
the  poles,  and  BO  reserobline  an  orange,  or  perhaps  a  turnip, 
according  to  the  di'gree  of  fiatlless  ;  and  which  is  also  the 
figure  of  the  earth.     See  Spheroid. 

PROMONTORY,  in  G.ography,  is  a  rock  or  high 
point  of  land  projecting  out  into  the  sea.     The  extremity 
of  which  towards  the  sea  is  usually  called 
HeadlsinJ. 

PROPORTION,  in  Arithmetic,  &c,  the  equality  or  meiical  ratios,  or  differences.  As  in  the  numbers  13,  9, 
similitude  of  ratios.  As  the  four  numbers  4,  8,  15,  30  6  ;  where  the  dilfereiice  between  12  and  9,  Is  the  same  as 
are  proportionals,  or  in  proportion,  because  the  ratio  of  the  difference  between  9  and  6,  via  3.  And  here  the  sum 
4  to  6  is  equal  or  similar  to  the  rutin  of  15  to  30,  both  of  of  the  extreme  terms  is  equal  to  the  sum  of  the  means,  or 
them  being  the  same  as  the  ratio  of  1  to  2.  to  double  the  single  mean  when  there  is  but  one.     At 

Euclid,  in  the  5th  definition  of  the  5th  booh,  gives  a  12  -t-  5  =  9  -1-  9  =  18. 
general  de6nition  of  four  proportionals,  orwhm.  of  four  Geouiefrica/ Proportion  is  the  fqoaliiy  between  two 
terms,  the  first  has  the  same  ratio  to  the  2d,  as  the  3d  geometrical  ratios,  or  betwern  the  quotiints  uf  the  terras, 
has  to  the  4th,  vis.  when  any  equimultiples  whatever  of  As  in  the  three  9,  6,  4,  where  9  is  to  6  as  6  is  to  4, 
the  first  and  third  beino  taken,  and  nny  equimultiples  thus  denoted,  9  ;  6  :  :  6  ;  4;  for  f  =  ^,  being  each  equal 
whatever  of  the  '^d  and  4tli ;  if  the  multiple  of  the  Arst  ^  ur  If.  And  in  this  proportion,  the  rectangle  or  product 
be  less  than  that  of  the  2d,  the  multiple  of  the  3il  Is  also  of  the  extreme  terms,  is  equal  to  that  of  the  two  means, 
less  than  that  uf  the  4ih  ;  or  if  the  multiple  of  the  fir&t  be  or  thir  square  of  the  single  mean  when  there  is  but  one. 
equal  to  that  of  the  2d,  the  mnliiple  of  the  3d  is  also  For  9  x  4  =  6  x  fi  =  36. 
equal  to  that  of  the  4tb ;  or  if  the  inukiplc  of  the  first  he        Harmonical  Feoportiok,  is  when  ibc  fint  tvrm  is  to 
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the  third,  as  tti'e  difference  between  the  1st  and  3d  is  to 
tne  difference  between  die  3d  and  3d  ;  or,  in  four  terms, 
when  the  1st  i»  to  tbt  4ih,  as  the  difference  between  [be 
1st  and  3d  is  [□  cbe  difference  between  tbt  3d  and  4tb  ;  or 
tiie  reciprocals  of  Hn  aritbmetick)  proportion  ar«  in  har- 
monica! proportion.  As  6',  4',  3;  because  6'  ;  3  :  :  6  —  4 
s:2:4  —  3^1;or  because  ^,  ^,  ^,  arc  in  arithme- 
tical proportion,  making  ^  -4-^:=^  +  ^:=j.  Also  the 
four  ii,  l6,  1^,  9  are  in  h&rmonica]  proportion,  because 
24  :  9  L  ;  8  ;  3. 

See  Pkopobtiohals. 

Cbm/KiMq/' PROPORTION,  a  name  by  which  the  French, 
and  some  English  authors,  call  the  Sector. 

fiitfcQ/"PaopoftTios,  in  Arithmetic,  a  rule  by  which 
a  4th  term  is  found  in  proportion  lo  three  given  terms.  It 
is  popularly  calkd  the  Golden  Rule,  or  RuK'  of  Three. 

PROPORi'lONAL,  relating  to  proportion.  As,  Pro- 
portional Compasses,  Parts,  Scales,  Spirals,  Sic.  See  the 
several  terms. 

FaoPoRTiONAL  Compatta,  are  compasses  with  two 
pair  of  opposite  legs,  like  a  St.  Andrew's  cross,  by  which 
any  space  is  enlarged  or  diminished  in  any  proportion. 

PRoroRTioNAL  Part,  is  a  part  of  some  number 
that  is  analogous  to  some  other  part  or  number ;  such 
as  the  proportional  parts  in  the  logarithms,  and  other 
tables. 

PnoPo&TioNAL  Scale*,  called  also  logarithmic  scales, 
are  the  logarithms,  or  artificial  numbers,  placed  on  lines, 
for  the  ease  and  advantage  of  multiplying  and  dividing 
&c,  by  means  of  compasses,  or  of  sliding  rulers.  Tbese 
are  in  eSect  so  many  lines  of  numbers,  as  they  arc  called 
by  Gunter,  but  made  single,  double,  triple,  or  quadruple  ; 
beyond  which  they  seldom  go.  See  Ounter's  ScaU, 
SCAI.E|  &c. 

Proportiobai,  Spirai.     See  Spihai.. 

PROPORTIONALITY,  the  quality  of  proportionals. 
This  term  is  used  by  Gregory  St.  Vincent,  lor  the  propor- 
tion between  the  exponents  of  four  ratios. 

PROPORTIONALS,  are  the  terms  of  a  proportion; 
consisting  of  two  extremes,  which  are  the  first  and  last 
terms  of  the  set,  and  the  means,  which  are  the  other  terms. 
These  proportionals  may  be  either  arithmeticals,  geome- 
tricals,  or  barmonicals,  and  in  any  auibbcr  above  two, 
and  also  either  continued  or  discontinued. 

Pappus  gives  this  beautiful  and  simple  Comparison  of 
the  three  l;mds  of  pro|)')rtianals,  arithmetical,  geometri- 
cal, and  barmonical,  vis.  a,  6,  c,  being  the  first,  second, 
and  third  terms  in  sny  such  proportion,  then 

In  the  arithmeticals,  a  :  a  'i 

in  the  geomeiricala,  a  :b  >  '.  '.  a  —  h:b  —  c. 
.     19  the  harmonicals,    o  :  c  ) 

See  Mean  Proportional. 

Continued   proportionals  form  what  is  called  a  pro- 
gression ;  for  the  properties  of  which  see  Pkooresbion. 
J.  Pri^ieriia  qf  Ariikmetieal  Proportionals. 

(For  what  respects  progressions  and  mean  proportionals 
of  all  sorts,  see  Meak,  and  Progression). 

1.  Four  arithmetical  proportionals,  as  3,  3,  4,  5, 
are  still  proportionals  taken  inversely,  as  5,  4,  3,  2  ; 
or  alternately,  thus,  -  .-  2,  4,  3, -5  ; 
or  inversely  and  alternately,  thus          -  5,  3,  4,  2. 

2.  If  two  arithmeticals  be  added  to  the  like  terms  of 
other  two  arithmeticals,  of  the  same  difference,  or  arith- 
metical ratio,  the  sums  will  have  double  the  saiiie  dif- 
ference or  aridunetical  ratio. 


So,     o      3  and    S,  whose  difference  is         3, 
add  7  and    9,  whose  difference  is  also  2, ' 

the  sums  10  and  14  have  a  double  diff.  vii,  4. 
And  if  to  these  sums  be  added  two  other  numbers  also  in 
the  same  difference,  the  ne.\t  sums  will  have  a  triple 
ratio  or  difference  ;  and  so  on.  Also,  whatever  be  the 
ratios  of  the  terms  that  are  added,  whether  the  same  or 
dillerent,  the  sums  of  the  terms  will  have  such  arithme- 
tical ratio  as  is  composed  of  the  sums  of  the  others  that, 
arc  added. 

So      3     ,       5,  whose  dif.  is  2 
and    7     ,     10,  whose  dif.  is  3 
and  12     ,     16,  whose  dif.  is  4 
make  32    ,     31,  whose  dif.  is  9. 
On  the  contrary,  if  from  two  arithmeticals  there  b« 
subtracted   others,  the  difference  will  have  such  arith- 
metical ratio  as  is  equal  to  the  differences  of  those.   - 
So  from  13  and  I6,  whose  dif.  is     4 
take  7  and  10,  whose' dif.  is     3 

leaves  5  and  6",  whose  dif.  is  i 
Also  from  7  and  9^  whose  dif.  is  2 
take  3  and    5,  whose  dif.  is     i 

leaves        4  and    4,  whose  dif.  is     0 
3.  Hence,  if  arithmetical  proportionals  be  multiplied 
or  divided    by   the  same  number,  their  difference,  or 
arithmetical  ratio,  is  also  multiplied  or  divided  by  the 
same  number. 

II.  Propertiei  qf  Geometrical  Proportional*. 

The  properties  relating  to  mean  proportionals  are  given 

under  the  term  Mean  Prt^mrtimal ;  some  are  also  given 

under  the  article  Proportion  ;  and  some  additional  ones 

are  as  below  : 

1.  To  find  a  3d  proportional  to  two  given  numbera,  or 
a  4th  proportional  to  three:  In  the  former  Vase,  multiply 
the  2d  term  by  itself,  and  divide  the  product  by  the  1st : 
and  in  the  latter  case,  multiply  the  2d  term  by  the  3d, 
and  divide  the  product  by  the  1st. 

So    2  :  6  :  :  6  :   18,  the   3d  prop,  to  2  and  0  : 
anil  2  ;  6  ::  5  :  15,  the  4ih  prop,  to  2,  6,  and  5. 

2.  If  the  terms  of  nuy  geometrical  ratio  be  augmented 
or  diminished  by  cny  others  in  the  samfe  ratio,  or  propor 
lion,  the  sums  or  differences  will  still  be  in  the  same  ratio 
or  proportion.  1  ■ 

So  if     a  :  b  ::  c  :  d, 

thfen  is  <i  ;  S  :  :  o  ±  c  :  t  ±  d  :  :  c  :  d. 
And  if  the  terms  of  a  ratio,  or  proportion,  be  multiplied' 
or  divided  by  the  same  number,  the  products  and  quo- 
tients will  still  be  in  the  same  ratio,  or  proportion. 
Tlius,  a:b::i>a:nb::^:~. 

3.  If  a  set  of  continued  proportionals  be  either  aug- 
mented or  diminished  by  the  same  part  ^or  parts  of  them- 
selves, the  sums  or  differences  will  also  be  proportionals. 
Thus  if    o,  *,  c,       d,  &c  be  propors. 
then  tin  a  ±-^,  b  ±  '^,  c  ±  ^,  {i^  also   propors. 

where  the  common  ratio  is  1  ±  -^— 

And  if  any  single  quantity  be  either  augmented  or  di- 
minished bjs  some  pan  of  itself,  and  the  result  be  also 
increased  or  diminished  by  the  same  part  ot  itself,  and 
this  third  quantity  treated  in  the  same  manner,  and  so 
on;  then  shall  all  these  quantiUes  be  continued  propor- 
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three  b,  c,  d,  will  be  thus  fouDd,  vis, 

,     aad  — ac  Oad  —  U        . 
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tionals.    So,  banning  with  the  qnaotity  a,  and  talcing   *of  them,  vis,  that  a  :  d 

always  tiie  nth  part,  then  shall 

o,  a  ±    --'  "  ^\'  ■*"  "^'  ^'^  ^  pro[)OTtioiials, 

or  a.  a  ±  ^,   («  db  ~)',  («  ±  —)',  ttc  propoM. 

the  common  ratio  being  1  ±    -. 

4.  If  one  set  of  proportional!  be  multiplied  or  divrded 
hy  any  other  set  of  proportionals,  each  term  hy  each,  the 
pioducts  or  quotients  will  also  be  proportional^. 


h:c~di  for  thence  tb* 


Thiu,  if  a  s  M       : 

:      b 

"», 

and           c  '.  mc      : 

:     d 

mdi 

then  is    oc :  mnac  : 

:   hi 

mnbd. 

S.  If  there  be  sareral  continued  proportionals,  then 
'      '     '  '  '        o  the  2d,  the  first  to  the  3d 


4.  If  Aere  be  four  numbers  disposed  in  order,  a*  2, 
3,  4,  6,  of  which  one  extreme  and  the  two  middle  term* 
are  in  arithmetical  proportion,  and  the  other  extreme  and 
the  same  middle  terms  are  in  harmonical  proportion; 
then  are  the  four  terras  in  geometrical  proportion  :  thu*, 

the  three  2,  3,  4  are  arithmeticals, 

and  the  three  3,  4,  6  are  harmonicals, 
then  the  four   3,  S,  4,  6  are  geometric als. 

5.  If  belwfren  any  two  numbers,  as  2  and  6,  there  be 
interposed  an  arithmetical  mean  4,  and  also  a  harmo- 
nical mean  3,  the  four  will  then  be  Keometricals,  vii 
2  :  3  : :  4  :  6.  ' 

6.  Between  the  three  kinds  of  proportion,  there  is  this 
remarkable  difference;  via,  tha(  from  any  given  number 


shall  have  the  duplicate  of  the  ratio,  the  1st  to  the  4th     there  can  be  raised  a  continued  arithmetical  series  in- 
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riplicate  of  it,  and  : 

,  tt'a,  Sec,  the  ratio  being  n  ; 
r  1  to  n*,  the  duplicate  ratio, 
and     a  :  rra,  or  1  to  n^  the  triplicate  ratio,  £cc. 
6.  Id  three  continued  proportionals,  the  difference  be- 
tween the  1st  and  2d  term,  is  a  mean  proportional  be- 
tween the  1st  term  and  the  2d  difference  of  all  the  terms. 
n  the  three  propor.  a,  na,  n^n  ; 
Sd  dif. 


creasing   ad  i 


,    but  1 


while   the 


'  then 


tst  difs. 
n*n-na 


B*a  —  2na  -t 


then  a  :  na.~a  :  ;  na—a  :  tfia—^ttut  -t-  a. 
Or  in  the  numbers  2,  6.  18  ; 


8  the  3d  difference ; 


then  2,  4,  8  are  proportionals. 
7-  When  fuur  quantities  are  in  proportion,  they  are 


also   in  proportion  by  ii 
6tc  i  thus  a,  na,  b,  nb  being 

1.  .        a  : 

2.  In>-ersion  ,    na  : 
3-  Alternation  a  : 

4.  Composition      a  -»■  na  : 

5.  Conversion 

6.  Division 


corapositi 
proportion,  v 
b  :  nb; 


{:--: 


division, 
then  by 
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HI.  Prt^iMia  ijf  Harmonieal  Pnportionalt. 

1.  If  three  OP  four  numbers  in  harmonical  proportion, 
be  either  multiplied  or  divided  by  any  number,  the  pro- 
ducts  or  quotients  will  also  be  harmonical  proportionals. 

Thus,  6,  3,  2  being  harmon.  propor. 
then  .12,  6,  4  are  also  harmon.  propor. 
"nd     5,  j,  T  *re  also  harmon.  propor. 

2.  In  the  three  harmonical  proportionals  a,  b,  e,  when 
any  two  of  these  are  given,  the  3d  can  be  found  from  the 
definition  of  them,  viz,  that  a  :  c  :  :  a  —  b  :  b~c;  fur 
hence 

b   =  jTT^  the  harmonical  mean,  and 

c    =  S^Zj  '***  ^'^  harmon.  to  o  and  b, 

3.  And  of  the  four  harmonicals,  a,  b,  e,  d,  any  three 
bang  given,  tht  fourth  can  be  found  from  the  definition 


be  decreased  ad  infinitum,  but  not  i_ 
creased  ;  and  the  geometrical  admits lof  both. 

PROPOSITION,  is  either  some  truth  advanced,  and 
shown  to  be  such  by  demonstration ;  or  some  opi-ration 
proposed,  and  its  solution  shown.  Jn  short,  it  is  sotae- 
thing  proposed  either  to  be  demonstrated,  or  to  be  done 
or  performed.  The  former  is  a  theorem,  and  the  latter 
is  a  problem. 

PHOSl'HAPHERESIS,  in  Astronomy,  the  difference 
between  the  true  and  mean' motion,  or  between  the  true 
and  mean  place,  of  a  planet,  or  between  the  true  and 
equated  anomaly  ;  called  also  equation  of  the  orbit,  or 
equation  of  the  centre,  or  simply  the  equation;  afid 
it  is  equal  to  the  angle  formed  at  the  planet,  and  sub- 
tended by  the  excentricity  of  its  orbit.  Thus,  if  s 
be  the  sun,  and  i>  the  place  of  a  planet  in  its  orbit 
APB,  whose  centre  is  c.  Then  the 
Mean  anomaly  is  the  Z.  acp, 
true  anomaly  is  the  ^  abp, 
dif.  of  which  is  the  Z.  CPS, 
which  is  the  proslhapheresis ;  which 
is  so  called,  becanse  it  is  sometimes 
to  be  added  to,  and  sometimes  to 
be  subtracted  from  the  mean  mo- 
tion, to  give  the  true  one;  as  is 
evident  from  the  figure. 

PROTR.\CTING,  or  PaoTRACTiON,  in  Surveying,  the 
act  of  plotting  ot  laying  down  the  dimensions  taken  in  the 
field,  by  means  of  a  Protractor,  &c  :  Protracting  makes 
one  part  of  surveying. 

pB6TitACTiNG-/^n,  a  fine  pointed  pin,  or  ncfdle, 
fitted  into  a  handle,  used  to  prick  off  d^rers  and  minutes 
from  the  limb  of  the  protractor. 

PROTRACTOR,  a  mathematical  instrument,  used  ia 
surveying,  fur  laying  down  angles  ttn  paper,  &c. 

The  simplest,  and  most  natural  protractor  consists  of  a 
semicircular  limb  adb  (lig.  7,  plate  24)  commonly  of 
metal,  divided  into  ISO^  end  subtended  by  a  diame- 
ter ab;  in  the  middle  of  which  is  a  small  notch  c, 
called  the  centre  of  the  protractor.  And  for  the  con- 
venience of  reckoning  bath  ways,  the  degrees  arc  num- 
bered from  Ibe  left  hand  towards  the  right,  and  from  the 
right  hand  towards  the  left. 

But  this  instrument  is  made  much  more  cominodiout 
by  transferring  the  divisions  from  the  circujiitereace  to  tht 
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cJge  of  a  ruler,  whose  side  kf  is  parallel  to  ab,  which  is 
easily  done-by  laying  a  ruler  on  the  centre  c,  and  over  the 
several  divisions  on  the  semicircumference  adb,  and 
marking  the  intersections  of  that  ruler  on  the  line  ir  :  so 
that  a  ruler  with  these  divisions  marked  on  one  of  its  sides 
as-above,  and  returned  down  the  two  ends,  and  numbered 
both  ways  as  in  the  circular  protf  actor,  the  fourth  or  blank 
side  representing  the  diaiiieter  of  the  circle,  is  both  a  more 
UK-fut  form  than  the  cirCnlar  protractor,  and  better 
adapted  fur  puttinginto  a  Case. 

Totaake  any  Aj^le  with  ihc Protractor. — Lay  the  diame- 
ter of  the  protractor  along  the  given  line,  which  is  to  be 
one  tide  of  the  angle,  aiid  its  centre  at  the  given  angular 
point ;  then  make  a  mark  opprsiic  the  given  degree  of  the 
angle  found  on  the  limb  of  the  initrumeni,  and,  removing 
the  protractor,  by  a  plane  ruler  laid  over  that  point  and 
the  centre,  draw  a  line,  which  will  form  the  angle  sought. 
In  the  same  way  is  any  given  angle  measured,  to  find  the 
number  of  degrees  it  contains, — This  protractor  is  also 
very  useful  in  drawing  one  line  perpendicular  to  another, 
■  which  is  readily  done  by  laying  the  protractor  across  the 
given  line,  so  that  both  its  centre  and  the  90th  degree  on 
the  opposite  edge  fall  upon  the  line,  also  one  of  the  edges 
passing  over  the  given  point,  by  which  then  let  the  perpen- 
dicular be  drawn. 

The  Improved  Protractor  is  an  instrument  much  Uko 
the  fOTRier,  only  furnished  with  a  little  more  apparatus, 
by  which  an  angle  may  be  set  off  to  a  minute. 

The  chief  addition  is  an  index  attached  to  the  centre, 
about  which  it  is  moveable,  so  as  to  play  freely  and  stea- 
dily oyer  the  limb:  beyon'd  this  limb  the  index  is  di- 
vided, on  both  edges,  into  60  equal  parts  of  the  portions  of 
circles,  intercepted  by  two  other  right  lines  drawn  from 
the  centre,  lo.that  each  makes  an  angle  of  1°  with  lines 
drawn  to  the  assumed  points  from  the  centre. 

To  set  off  an  angle  of  any  number  of  degrees  and  mi- 
nutes with  this  protractor,  move  the  index,  so  that  one  of 
the  lines  drawn  on  the  limb,  from  one  of  the  fore-men- 
tioned points,  may  fall  upon  the  number  of  degrees  given  ; 
and  prick  off  as  many  of  the  equal  parts  on  the  proper 
edge  of  the  index  as  there  are  minutes  given;  then  drawing 
A  line  from  the  centre  to  that  point  so  pricked  off,  the  re- 
quired angle  is  thus  formed  with  the  given  line  dr  diameter 
of  the  protractor. 

The  best  protractors  are  now  made  with  a  vernier,  and 
fine  pins,  to  prick  off  angles  to  mtnutcs. 

PROVING  qf  Gunpoader.     See    Epsouvette,  and. 

OlTMPOWDBR. 

PSEUDO-Stella,  any  kind  of  meteor  or  phenomenon, 
appearing  in  the  heavens,  and  resembling  a  star. 

PTOLEiMAIC,  or  Ptoluhaic,  something  relating  to 
Ptolemy ;  as  the  Ptolemaic  System,  the  Ptolemaic  Sphere, 
ttc.    See  SssTEU,  Spuerz,  &c. 

PTOLEA^Y,  or  Ptolomy,  (Claddiub),  a  celebrated 
geographer,  astronomer,  anil  tnathematician,  was  born  at 
Pelusium  in  Egypt,  about  the  70th  year  of  the  Christian 
era  ;  and  died,  it  has  been  said,  in  the  76th  year  of  his  age, 
and  in  the  year  of  Christ  147-  He  taught  astronomy  at 
Alexandria  in  Egypt,  where  he  made  many  astronomical 
observations,  and  composed  his  other  works.  It  is  certain 
however  that  he  flourished  in  the  reigns  of  Marcus  Anto- 
ninus and  Adrian  :  for  it  is  noted  in  his  canon,  that  Anto- 
ninus Pius  reigned  23  years,  which  shows  that  he  himself 
survived  bim  ;  he  also  tells  us  in  one  place,  that  he  made 
«  great  many  observations  on  the  fixed  stars  at  Alexan- 
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dri^  in  the  second  year  of  Antoninus  Pius ;  and  in  ano 
ther,  that  he  observed  an  eclipse  of  the  moon,  in  the  C|th 
year  of  Adrian  ;  from  which  it  is  reasonable  to  conclude 
that  this  astronomer's  observations  on  the  heavens  were 
many  of  them  made  between  the  years  125  and  140. 

Ptotemy  has  always  been  reckoned  the  prince  of  astro- 
nomera  among  the  ancients,  and  in  his  works  has  left  us 
an  entire  body  of  that  science.  He  "has  preserved  arid 
transmitted  to  us  the  observations  and  principal  discoveries 
of  the  ancients,  and  at  the  same  time  augmented  and  en- 
riched them  with  his  own.  He  corrected  Hipparchus's 
catalogue  of  the  fi^ed. stars  ;  and  formed -tables,  by  which 
the  motions  of  the  sun,  moon,  and  planets,  might  b«  calcu- 
lated and  regulated.  He  was  indeed  the  first  who  col- 
lected the  scattered  and  detached  observations  of  the  an-  ' 
cients,  and  digested  them  into  a  system  ;  which  he  set 
forth  in  his  MryaXij  'Z'jyra.^a,  sive  Magna  Constructio,  di- 
vided into  13  books.  He  there  adopts  and  exhibits  the 
ancient  system  pf  the  world,  which  placed  the  earth  in  the 
centre  of  the  universe  ;  and  this  has  been  called  al^rhia 
the  Ptolemaic  System,  to  distinguish  it  from  those  of  Co- 
pernicus and  Tycho  Brah^. 

About  the  year  827  this  work  was  translated  by  the 
Arabians  into  their  language,  in  which  it  was  called  Alma- 
geslnm,  by  orderXif  one  of  their  kings ;  and  from  Arabic 
into  Latin,  about  1 2S0,  by  the  encouragement  of  the  em- 
peror Frederic  the  2d.  There  were  also  other  versions 
from  the  Arabic  into  Latin ;  and  a  manuscript  of  one, 
done  by  Girardus  Cremoncnsis,  who  flourished  about  the 
middle  of  the  14th  century,  which,  Fabricius  says,  is  still 
extant  in  the  library  of  All  Souls  College  inO>ford.  '  Tbe  . 
Greek  text  of  this  work  began  to  be  read  in  Europe  in  the 
]5th  century;  and  was  first  published  by  Simon  Gryuteus 
at  Basil,  1538,  in  folio,  with  the  eleven  books  of  commen- 
taries by  Tbeon,  who  Hourisbed  at  Alexandria  in  the  reign 
of  the  elder  Tbeodosius.  In  1541  it  was  reprinted  at  Ba- 
sil, with  a  Latin  version  by  George  Trapeeond  ;  and  agaiik 
at  the  same  place  in  1551,  with  the  addition  of  other  works 
of  Ptolemy,  and  Latin  versions  by  Camerarius  :  which  last 
edition,  we  learn  from  Kepler,  was  used  by  Tycho. 

Of  this  principal  work  of  the  ancient  astronomers,  it  , 
may  not  be  improper  to  give  here  a  more  particular  ac- 
count. In  general,  it  may  be  observed,  that  it  is  founded 
on  the  hypothesis  of  the  earth's  being  at  rest  in  the  centre 
uf  the  universe,  and  that  the  heavenly  bodies,  the  stars  and 
planets,  all  move  around  it  in  solid  orbs,  whose  motion! 
are  all  directed  by  one,  which  Ptolemy  called  the  primum 
mobile,  or  first  mover,  of  which  he  discourses  at  largs. 
The  whole  of  this  great  work  is  divided  into  13  books. 

In  the  first  book,  Ptolemy  shows,  that  the  earth  is  In 
the  centre  of  those  orbs,  and  of  the  universe  itself,  as  he 
understood  it:  he  represents  the  earth  as  of  a  spherical 
ligurf-,  and  but  as  a  point  in  comparison  of  the  rest  of  the 
heavenly  bodies :  he  then  treats  of  the  several  circles  of 
the  earth,  and  their  distances  from  the  equator ;  as  also  o£ 
the  right  and  oblique  ascension  of  the  heavenly  bodies  in 
ft  right  sphere. 

In  the  2d  book,  he  treats  of  the  habitable  parts  of  the 
earth  ;  of  the  elevation  of  the  pole  in  an  oblique  sphere,, 
and  the  various  angles  which  the  several  circles  make  with 
the  horizon,  according  to  the  different  latitude  of  places  j 
also  of  the  phenomena  of  the  heavenly  bodies  depending 
on  the  same. 

In  the  3d  book,  he  treats  of  the  quantity  of  the  year, 
and  of  the  unequal  motion  of  the  sun  through  the  lodHfli 
2L 


yVjOogle 


PTO 


C  «•  ,] 


PTO 


anil  he  here  alto  ^ivea  the  method  of  campating  the  mean 
motion  of  the  sun,  wttb  tablet  of  the  same}  And  also 
treats  of  the  inequality  of  days  and  nights. 

In  ihc4tb  book,  he  trealsof  the  lunar  motions,  and  their 
various  phenomena:  and  gives  tables  for  finding  the  moon's 
mean  motions,  uitb  her  latitude  and  longitude:  be  dis- 
courses largely  concetnii^  lunar  epicycles  ;  and  by  com- 
paring the  tiroes  of  a  great  number  of  eclipses,  mentioned 
by  Hipparcbus,  Cnlippus,  and  othert,  he  baa  computed 
the  placet  of  the  sun  and  moon,  according  to  their  mean 
motions,  from  the  first  year  of  Nabonazar,  kii^  of  E^pt, 
to  his  own  time. 

In  the  5th  book,  he  treats  of  the  instrument  called  the 
astrolabe,  and  also  of  the  cxcentricity  of  the  lunar  orbit, 
and  the  inequality  of  the  moon's  motion,  according  to  her 
distance  from  ^he  sun :  he  also  gives  tables,  and  a  univer- 
sal canon  for  the  inequality  of  the  lunar  motions  :  he  then 
treats  of  the  dilTerenE  aspects  or  phases  of  the  moon,  and 
gives  a  computation  of  the  diameter  of  the  sun  and  moon, 
with  the  magnitude  of  the  sun,  moon  and  earth  compared 
together  ;  he  states  also  the  different  measures  of  the  di- 
stance of  the  sun  and  moon,  according  as  they  are  deter- 
mined by  ancient  mathematicians  and  philosophers. 

In  the  6tb  book,  he  treats  of  the  conjunctions  and  op- 
positions of  the  aun  and  moon,  with  tables  for  computing 
the  mean  time  when  they  happen  ;  of  the  boundaries  of 
■olar  and  lunar  eclipses ;  of  the  tables  and  methods  of 
computing  the  eclipses  of  the  sun  and  muon,  ivitlr  niany 
other  particulars. 

In  the  7tb  book,  he  speaks  of  the  fixed  sUn;  and 
shows  the  methods  of  describing  them,  in  their  various 
constellations,  on  the  aurface  of  an  artifjclHl  sphere  or 
globe  :  he  rectifies  thepluccs  of  the  stars  to  his  own  time, 
and  shows  how  different  those  places  were  then,  from  what 
they  hud  been  in  the  times  of  Timocharis,  Hipparchus^ 
AriEtilluB,  Calippus,  and  others:  he  then  lays  down  aca- 
talogue  of  the  stara  in  each  of  the  northern  constellations,, 
with  their  latitude,  longitude,  and  magnitudes. 

In  the  8th  book,  he  gives  a  like  catalogue  of  the  stars  in 
the  canitellattous  of  the  southern  hemisphere,  and  in  the 
12  signs  or  constellations  of  the  zodiac.  I'hia  is  the  old- 
est catalogue  of  the  stars  now  extant,  and  forms  the  most 
valuable  port  of  Ptolemy's  works.  '  He  then  treats  of  the 
galaxy,  or  milky-way  ;  also  of  the  planetary  aspects,  with 
the  rising  and  setting  of  the  sun,  moOn,  and  stars. 

In  the  9th  book,  he  treats  of  the  order  of  the  aun,  moon, 
and  planets,  with  the  periodical  revolutions  of  the  five 
planets,  Mercury,  Venus,  Mars,  Jupiter,  and  Saturn;  he 
then  gives  tablet  of  the  mean  motions,  beginning  with  the 
theory  of  Mercury,  and  showing  its  various  phenomena 
with  respect  to  the  earth. 

The  10th  book  begius  with  the  theory  of  the  planet 
Venus,  as  to  its  greatest  distance  from  the  sun  ;  of  its  epi- 
cycle, eccentricity,  and  peiiodical  motions ;  and  then 
treats  of  the  same  particulars  in  the  planet  Mars. 

In  the  1  Ith  book  he  considers  the  same  circumstances 
in  the  theory  of  the  planets  Jupiter  and  Saturn.  He  dso 
corr^ts  all  the  planetary  motions  from  observations  made 
from  the  time  of  Nahonazar  to  his  own. 

The  12tb  book  treats  of  the  retrogressive  motion  of  the 
several  planets  ;  giving  also  tables  of  their  statjona,  and  of 
the  greatest  distances  of  Venus  and  Mercury  from  the  sun. 

The  13th  book  relates  to  the  several  hypotheses  of  the 
latitude  of  the  five  planets  ;  of  the  greatest  latitude,  or  in- 
clination of  the  orbits  of  the  five  planets,  which  arc  com- 


pnted  and  disposed  in  tables ;  of  the  rising  and  tetting  of 
the  planets,  with  tables  of  them.  Then  follows  a  conclu- 
sion or  summing  up  of  the  whole  work. 

This  great  work  of  Ptolemy  will  always  be  valuable  oq' 
account  of  the  observations  he  gives  of  the  places  of  the 
stars  and  planets  in  former  timet,  and  according  to  ancient 
philojophers  and  atilronomers  that  were  then  extant ;  but 
principally  on  account  of  the  large  and  curious  catalogue 
of  the  stars,  which  being  compared  with  their  places  at 
present,  we  thence  deduce  the  true  quantity  of  their  slow 
progressive  motion  according  to  the  order  of  the  signs,  or 
of  the  precession  of  the  equinoxes. 

Another  great  and  important  work  of  Ptolemy  was,  his 
Geography,  in  7  books ;  in  which,  with  his  usual  sagacity,, 
be  searches  out  and  marks  the  situation  of  places  accord- 
ing to  their  latitudes  and  longitudes;  being  the  first  that 
did  so.  Though  this  wur^  must  needs  fall  far  short  of 
perfection,  for  the  want  of  necessary  observations,  yet  it  iS' 
of  considerable  merit,  and  has  been  very  useful  to  modem 
geographers.  Cellarius  indeed  suepect8,,and  he  was  a  very 
competent  judge,  that  Ptolemy  did  not  use  all  the  care  and< 
application  which  the  nature  of  his  work  required ;  and 
hia  reason  is,  that  the  auliior  delivers  himself  with  the 
same  fluency  and  appearance  of  certainty,  concerning. 
things  and  places  at  the  remotest  distance,  which  it  waa- 
impossible  he  could  know  any  thing  of,  that  he  does  con- 
cerning those  whichlaythr  nearest  tiihim,  and  fall  the  most 
under  his  cognizance.  Salmasiua  had  t>efure  made  soma 
remarks  to  the  same  purpose  on  ibis  woric  «f  Ptolemy. 
The  Greek  text  of  this  wurk  was  first  published  by  itself  at 
Basil  in  1533,  in  4to  :  afterward  with  a  Latin  vetaion  and 
notes  by  Gerard  Mercator  at  Amsterdam,  l605;  which 
last  edition  was nprinled  at  the  same  place,  l6lS,  in  folio, 
with  neat  geographical  tables,  by  Bertius. 

Other  wiirks  of  Ptolemy,  though  less  considerable  than 
thebe  two,  are  siill  extant.  As,  Libri  quaiuot  de  Judiciis- 
Aatrorum,  on  the  first  tuo  books  of  which  Cardan  wrote 
a  commentary. — Fiuctus  Librorum  suurum  ;  a  kind  of 
supplement  to  the  former  work. — Recensio  Chronologica 
Regum:  this,  with  another  work  of  Ptolemy,  DeHypothe- 
sibus  Planetarum,  was  published  in  l6'20,  4lo,  by  John 
Bainbridge,  the  Savilianprofeasor  of  astronomy  atUxfurd: 
and  Scaliger,  PetaviuB,-Dudwell,  and  the  other  chronolo- 
gical writers,  have  made  great  uae  of  it. — Apparentis 
Stellorum  Inerrantium  :  this  was  published  at  Paris  by 
Felavius,  with  a  Latin  version,  l630,  in  folio;  but  from  a 
mutilated  copy,  the  defects  of  which  have  since  been  sup- 
plied from  a  perfect  one,  which  Sir  Henry  Saville  had 
communicated  to  archbishop  Usher,  by  Fabricius,  in  the 
3il  volume  of  his  Bibiiotbrca  Graeco. — FJemenlorum 
Harmnnicorum  libri  trea  ;  published  in  Greek  and  Latin, 
with  a  commentary  by  Porphyry  the  philosopher,  by 
Dr.  Wallis  at  Oxford,  l6S2,  in  4to  ;  and  afterwards  r^ 
printed  there,  and  inserted  in  the  3d  volume  of  Wallis's 
works,  Itidp,  in  tbiio. 

Mabillun  exhibits,  in  bis  German  Travels,  an  efiigy  of 
Ptolemy  looking  at  the  stars  through  an  optical  tube; 
which  efiigy,  he  says,  he  found  in  a  manuscript  of  the  13th 
century,  made  by  Conradus  a  monk.  Hence  some  have 
fancied,  that  the  use  of  the  telescope  waa  known  to  Con- 
radus. But  this  is  only  matter  of  mere  conjecture,  there 
being  no  facts  or  testimonies,  nor  even  protHibilitiet,  to 
support  such  an  opinion.  Itis  rather  likely  that  the  tube 
was  Dolhing  more  than  a  plain  open  one,  employed  to 
Btrengthen  and  defend  the  eye-sigh^  when  looking  at  par- 
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ticular  itan,  by  excluding  adventltiant  rays  from  other  .  half  o(  it ;  for  they  bear  the  whole  between  them ;  ibere- 
(Eare  ai)<l  objects;  a  contrivance  which  no  observer  of  the  fore  whatever  holds  the  upper  end  of  either  rope,  sustainc 
heavens  can  ever  be  supposed  to  have  been  without.  .  one  half  of  the  wejght;  and  thus  the  power  p,  which  draws 
FULLEV,  one  of  the  live  mechanical  powers ;  consist-  the  cord  t  by  means  of  ihe  cord  s,  passing  oier the  fixed 
ing  of  s  little  wheel,  being  a  circular  piece  of  wood  or  pulley  C,  will  sustain  the  weight  w  when  its  intensity  is 
metal,  turning  on  an  axis,  and  having  a  channel  around  only  equal  to  the  half  of  w  ;  that  is,  in  the  case  of  one 
its  edge  or  circumference,  in  which  a  cord  slides  And  so  moveable  pulley,  the  power  gained  is  as  2  to  1,  or  as  the 
nises  up  weights.  number  of  ropes  a  and  f  to  the  one  rope  b. 

The  Latins  call  it  trochlea ;  and  the  searaen,'when  lit-  In  like  manner,  in  the  case  of  two  moveable  pulleys  r 
'  ted  with  a  rope,  a  tackle.  An  assemblage  of  several  pul-  and  l,  each  of  these  also  doubles  the  power,  and  produces 
leys  is  called  «  syEtcm  of  pulleys,  or  polyspaston  :  some  again  of  4  to  l.oras  the  ntimbcr  of  the  ropes  q,  it,  s,  k, 
of  which  are  in  a  block  or  case,  which  is  fixed  ;  and  sustaining  the  weight  w,  to  the  1  rope'  o  sustaining  tfai^ 
others  in  a  block  which  i»  moveable,  and  rises  with  the  power  t  ;  that  ii,w  is  to  t  as  4  to  1.  And  so  on,  for  any 
'weight.  The  wheel  or  rundle  is  called  the  sheave  or  numberof  moveable  pulleys, vii,g  such  pullejsproducing 
.shiver;  the  axis  on  which  it  turns,  the  gudgeon  ;  and  ihe  an  increaae  of  power  ai  6  to  I ;  4  pulleys,  as  g  to  1  ; 
fixed  piece  of  wood  or  iron,  into  which  it  it  placed,  is  &c ;  each  pulley  adding  2  to  the  number.  Also  the  effect 
Called  the  block.  is  the  same,  when  the  pulleys  are  disposed  as  in  the  fixed 

DodriM  qf  the  Pullet.— 1.  If  the  etjual  weights  p  block  x,  and  the  other  two  as  in  the  moveable  block  T  ; 
and  \r  hang  by  the  cord  BB  upon  the  pulley  i,  whose  these  in  the  lower  block  giving  the  same  advantage  to  the 
block't  is  fixed  to  the  beam  m,  they  will  counterpoise  power,  when  tbey  rise  all  together  in  one  block  with  ibe 
each  other,  just  in  the  same  manner  as  if  the  cord  were  weight. 
'  cut  in  the  middle,  and  its  two  ends  hung  upon  the  books  But  if  the  tower  pulley*  do  not  rite  all  together  in  one 
fixed  in  the  pulley  at  a  and  A,  equally  distant  from  iha  block  with  the  weight,  but  act  upon  one  another,  having 
centre,  '  the  weight  only  lastened  to  the  lowest  of  tbem,  the  force 

of  the  power  is  still  more  increased,  each  power  doubling 
the  former  numbers,  the  gain  of  power  in  this  case  pro- 
ceeding in  the  geometrical  progression,  1,  2,  4,  8,  l6,  &c, 
according  to  the  powers  of  2;  whereas  in  the  former  case, 
tbe  gain  was  only  in  arithmetical  progression,  increasing 
by  tbe  addition  of  S.     Thus,  a  power  whose  intensity  is 
equalto  Sib  applied  at  a  will,  hy  means  of  the  lower  pul- 
ley A,  sustain  l61b  ;  and  a  power  equal 
to  41h  at  b,  by  means  of  the  pulley,  will 
•ustain  the  power  of  Sib  acting  at  a,  and 
consequently  tbe  weight  of  l6lb  at  W} 
alto  a  third  power  equal  to  21b  at  c,  by 
means  of  the  pulley  c,  will  sustain  the 
power  of  4lb  at  b ;  and  a  fourth  power 
of  lib  at  d,  by  meant  of  the  pulley  o, 
will  sustain  the  power  2  at  C,  and  conse* 
quently  the  power  4  at  a,  and  the  power 
6  at  A.  and  the  weight  l6  at  w. 

3.  It  is  to  be  noted  however,  that,  in 
Hence,  a  single  pulley,  If  the  lines  of  direction  of  the  whatever  proportion  the  poweris  gained, 
power  and  the  weight  bo  tangents  to  the  periphery,  neither  in  that  very  same  proportion  is  the 
Rttiitt  nor  impedes  tbe  power,  but  onl^  changes  its  direc-  ,  length  of  tiioc  increaxed  to  produce  the 
tion.  The  u»e  of  the  pulley  therefore,  is  when  the  vertical  tame  effect.  For  when  a  power  movea 
direction  of  a  power  it  to  be  changed  into  an  boriaontal  a  weight  by  means  of  several  pntleyt, 
one;  or  an  BscendingdirectioQ  intoadeecending  one;  &c,  tbe  space  passed  over  by  the  power  it 
This  is  found  a  good  proviiion  for  the  shfety  of  the  work*  to  the  space  patted  over  by  the  weight, 
men  employed  in  drawing  with  tbe  pulley.  And  thii  as  the  weight  is  to  tbe  power.  Hence, 
change  of  direction  by  means  of  a  pulley  bat  this  further  the  smaller  a  force  is,  that  sustains  a 
advantage  i  that  if  any  power  can  exert  more  force  in  one    weight  by  means  of  pulleys,  tbe  slower  ~ 

direction. than  another,  we  are  hence  enabled  to  employ  is  the  weight  raised ;  to  that  what  it  saved  or  gained  in 
it  with  its  greatest  effect ;  as  fortheconvenienceof  a  bone  force,  is  always  spent  or  lost  in  time:  which  it  tbe  general 
to  draw  in  a  horiiontal  direction,  or  such  like,  property  of  all  the  mechanical  powers. 

But  the  great  use  of  the  pulley  is  in  combining  several  The  usual  methods  of  arranging  pulleys  in  their  blocki, 
of  them  together;  thus  forming  what  Vitruvius  and  others  may  be  reduced  t«  two.  The  first  consists  in  placing  them 
call  polyspasta ;  the  advantages  of  which  are,  that  the  ma-  one  by  the  tide  of  another,  on  the  tame  pin  ;  tbe  other,  in 
chine  takes  up  but  little  room,  is  easily  removed,  and  placing  them  directly  under  each  other,  on  separate  pins, 
raises  a  very  great  weight  with  amodeiate  power,  £ach  of  these  methods  howeveria  liable  to  inconvenience; 

2,  When  a  weight  w  hangs  at  the  lower  end  of  the  and  Mr.  Sraeaton,  to  avoid  the  impcdimentsto  which  these 
moveable  block  p  of  the  pulley  D,  and  the  cord  or  goes  combinations  are  subject,  proposes  to  combine  these  two 
under  the  pulley,  it  is  evident  that  the  part  o  of  the  cord  mcthodi  in  one.  Seethe  Fhilos.  Trans,  vol.  ir,  pa.  494. 
bean  one  half  of  the  weight  v,  and  the  part  r  tbe  other    Soma  instances  of  such  combinatiens  of  pulleys  are  exhi- 
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biteil  in  the  following  figures;  besidcB  which,  there  are 
also  other  varieties  of  forms. 

A  very  considerable  improvement  in  ihe  coi^truction  of 
pulleys  has  been  made  by  Mr.  James  White,  who  has  ob- 
tained a  patent  for  his  invention,  and  of  which  he  gives 
the  following  description.  The  last  of  ihc  three  following 
figures  shows  the  machine,  consisting  of  two  pulleys  g  and 
K,  one  fi.Ncd  and  the  other  moveable.  Each  of  these  has 
six  concentric  groovcj,  capable  of  having  a  line  put  round 
them,  and  thus  acting  like  as  many  different  pulleys,  hav- 
ing diameters  equal  to  those  of  the  grooves.  Supposing 
ithen  each  of  the  grooves  to  be  a  distinct  pulley,  and  that 
all  their  diameters  were  equal,  it  is  evident  that  if  the 
weight  144  were  to  be  raised  by  pulling  at  s  till  the  pul- 
leys touch  each  other,  the  first  pulley  must  receive  the 
length  of  line  at  many  times  as  there  arc  parts  of  the  line 
banging  between  it  and  the  lower  pulley.  In  the  present 
case,  there  are  12  lines,  b,  d,  /,  &c,  hanging  between  the 


two  pulleys,  formed  by  its  revolution  about  the  six  upper 
and  lower  grooves.  Hence  as  much  line  must  pass  over 
the  uppermost  pulley  as  is  equal  to  12  limes  the  distance 
of  the  two.  Bur,  from  an  inspection  of  the  figure,  it  is 
evident,  that  the  second  pulley  cannot  receive  the  full 
quantity  of  line  by  as  much  as  is  equal  to  the  distance  be- 
tween it  and  the  &Kf.  In  like  manner,  the  third  pulley 
receives  less  than  the  first  by  ai  much  as  is  the  distance 
between  the  first  and  third  ;  and  so  on  to  the  last,  which 
receives  only  -y'jih  of  the  whole.  Forthis  receives  its  share 
of  linen  from  a  6xed  point  in  the  upper  frame,  which  gives 
it  nothing ;  while  all  the  others  in  the  same  frame  receive 
the  line  partly  by  turning  to  meet  it,  and  partly  by  the 
line  coming  to  meet  them. 

Supposing  now  these  pulleys  to  he  equal  in  size,  and  to 
move  freely  as  the  line  determines  them;  it  appears  evi- 
dent, from  the  nature  of  the  system,  that  the  number  of 
their  revolutions,  and  consequently  their  velocities,  roust 
be  in  proportion  lo  the  number  of  suspending  parts  that 
arc  between  the  lixcd  point  above  mentioned,  and  each 
pulley,  respectively, .  Thus  Ihe  outermosipulley  would  go 
12  times  round  in  ihe  time  that  the  pulley  under  which 
the  part  n  of  the  line,  if  equal  lu  it,  wtjuld  revolve  only 
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once  ;  and  the  intermediate  times  and  velocities  would  be 
a  scries  of  arithmetical  proportionals,  of  which,  if  the  first 
number  were  1,  the  last  would  always  be  equal  to  the 
whole  number  of  terms.  Since  then  the  revolutions  of 
equal  and  distinct  pulleys  are  measured  by  their  veloci- 
ties, and  that  it  is  possible  to  find  any  proportion  of  velo- 
city, on  a  single  body  running  on  a  centre,  vii,  by  finding 
prdportionate  distances  from  that  centre  ;  it  follows,  that 
if  the  diameters  of  certain  grooves  in  the  same  substance 
be  exactly  adapted  to  the  above  series  (the  line  itself  being 
supposed  inelastic,  and  of  no  magnitude)  the  necessity 
of  using  several  pulleys  in  each  frame  will  be  obviated, 
and  with  that  some  of  the  inconvcniencies'  to  which  the 
use  of  the  pulley  is  liable. 

In  the  figure  referred  to,  llie  coils  of  rope  by  which 
the  weight  is  supported,  are  represented  by  the  lines  a,  b,  c 
&c  ;  a  is  the  line  of  traction,  commonly  called  tlte  fall, 
which  passes  over  and  under  the  proper  grooves,  until  it 
is  fastened  to  the  upper  frame  just  above  ».  In  practice, 
however,  the  grooves  are  not  nriihmetical  proportions, 
nor  can  they  be  so ;  for  the  diameter  of  the  rope  em- 
ploj'cd  must  in  all  cases  be  deducted  from  each  term  ; 
without  which  the  smaller  grooves,  to  which  the  said  dia- 
meter bears  a  larger  proportion  than  to  the  larger  oner, 
will  tend  to  rise  and  Ikll  faster  than  they,  and  thus  intro- 
duce worse  defects  than  those  which  they  were  intended 
to  obviate. 

The  principal  advantage  of  this  liind  of  pulley  is,  that 
it  destroys  lateral  friction,  and  tliat  kind  of  shaking  mo- 
lion  which  is  so  inconvenient  in  the  common  pulley. 
And  lest  (says  Mr.  White)  this  circumstance  should 
give  the  idea  of  weakness,  I  would  observe,  thai  lo  have 
pins  for  the  pulleys  to  run  on,  is  not  the  only  nor  per- 
haps the  best  method ;  but  that  1  sometimes  use  centres 
fixed  to  the  pulleys,  and  revolving  on  a  very  short  bear- 
ing in  the  side  of.  the  frame,  by  which  strength  is  in- 
creased, and  friction  very  much  diminished  ;  for  to  the 
last  moment  the  motion  of  the  pulley  is  perfectly  circu- 
lar: and  this  very  circumstance  isihe  cause  of  its  not 
wearing  out  in  the  centre  as  soon  as  it  would,  assisted 
by  the  ever  increasing  irregularities  of  a  gullied  hearing. 
These  pulleys,  when  well  executed,  apply  to  jacks  and 
other  machines  of  that  nature  with  peculiar  advantage, 
both  as  to  the  time  of  going  and  their  own  durability  ; 
and  it  is  possible  to  produce  a  system  ofpulU'ys  of  this 
kind  of  six  or  eight  pans  only,  and  adapted  to  the 
pockets,  which,  by  means  of  a  skain  of  sewing  silk,  or  a 
clue  of  common  thread,  will  raise  upwards  of  an  hun- 
dred weight. 

As  a  system  of  pulleys  has  no  great  weight,  and  lies  in 
a  small  compass,  it  is  easily  carried  about,  and  can  be 
applied  for  raising  weights  in  a  great  many  cases,  where 
other  engines  cannot  be  used.  But  they  are  subject  lo  a 
great  deal  of  friction,  on  the  following  accounts  ;  viz,  Isl, 
because  the  diameters  of  their  axes  bear  a  very  consider- 
able proportion  to  their  own  diumeiers;  2d,  because  in 
working  they  arc  apt  to  rub  against  each  other,  or  against 
the  sides  of  the  block;  3dly,  because  of  the  HilTness  of 
the  rope  that  goes  over  and  under  them.  See  Ferguson's 
Mech.  pa.  3",  4to. 

But  the  friction  of  tie  pulley  is  now  reduced  to  no- 
thing as  it  were,  by  the  ingenious  Mr.  Garneti's  pntcnt 
friction  rollers,  which  produce  a  great  saving  of  labour 
and  expense,  as  well  aa  in  the  wear  of  the  machine,  bulk 
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when  applied  to  pulleys  aikI  to  ihc  nxles  of  whcel-car- 
rikgM.     His  general   priacijilu  is  this:    belwerii  the  axle 
and  Dave,  or  cttiire  pin  and  box,  a  hiilluw  space  is  left,     the 
to  tie  liliiil  up  by  solid  equal  rollers  nearly  touching  each     thii 
other,     lliesc  arc  furnished  with  axles  inserted  into  h  cir-     the 
cular  ring  at  each  end,  by  which  their  relative  distances     dra 
are  preserved  ;  ami    they  are  kept  pariillel    by  means   of 
wires  faatened  to  the  rings  between  the  rollers,  and  which 
are  rivelted  to  them. 

The  above  contrivance  is  exhibited   in  the  annexed 
iigure  ;  where  abcd  represents  a  piece  of  metal  to  be  in- 
serted into  the  box  or  nave,  of  which  e  is  the  centre- 
pin   or  axle,  and   I, 
I,   1,   &c,  rollers  of 
metal  having  aices  in- 
serted   in  the  brazen 
circle    which     passes 
through  their  centres ; 
and   both  circles  be- 
ing rivelted   together    ' 
by     means    of    holts 
passing    Letween    the 
rollers   from  one  side 
of    the   nave    to   the 
other  ;  and  thus  they 
are  always  kept  sepa- 
rate  and  parallel. 

PUMP,  in  Hydraulics,  a  maehi 
and  other  fluids. — Pumps  are  probably  of  very 
use.  Vitruvius  ascribes  the  invention  to  Clesebes  of 
Athens,  some  say  of  Alexandria,, about  120  years  before 
Christ.  They  are  now  of  various  kinds.  As  the  Suck- 
ing Pump,  the  Lifting  Pump,  the  Forcing  Pump,  Ship 
Pumps,  Chain  Pumps,  ire.  By  means  of  the  lifting 
and  forcing  pumps,  water  may  be  raised  to  any  height, 
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-by  the  sucking  pui 

general  pressure  of  the  atmoipherc  on  the  surface  of  thi 
well,  is  limited  in  its  ascent  to  about  33  or  34  feet 
though  in  practice  it  is  seldom  applied  lo  the  raising  it  trived 
much  above  28;  because,  from  the  variations  observed  a  fall 
in  the  barometer,  it  appears  that  the  air  may  sometimes 
be  lighter  than  33  teet  of  water ;  and  whenever  that  hap- 
pens, for  want  of  the  due  counterpoise,  this  pump  will 
tail  in  its  performance. 

The  Common  Sucking  Plmp, — This  consists  of  a  pipe, 
of  wood  or  melal,  open  at  butFi  ends,  having  a  fixed  valve 
in  the  lo\;er  part  of  it  tipening  upwards,  and  a  moveable 
valve  or  bucket  by  which  the  water  is  drawn  or  lifted  up. 
This  bucket  is  just  the  size  of  the  bore  of  the  pump-pipe, 
in  that  part  where  it  works,  and  leathered  round  so  as  to 
.  lit  it  very  close,  that  no  air  may  pass  by  the  sides  of  it ; 
the  valve  hole  being  in  the  middle  of  the  bucket.  The 
bucket  is  commonly  worked  in  the  upper  part  of  the 
■  ind  another  fixed  valve  placed 
;  of  the  bucket.  Thus,  (fig.  J, 
mp-pipe,  c  ihe  lower  fixed  valve, 
s  the  bucket,  or  moving  valve. 


barrel  by  a  short  rod, 
just   below   the   des 
pi.  28),    A  B    is  the   _ 
opening  upwards,  and  i>  i; 
also  openiiij:;  upwards. 

In  working  the  pomp; 
of  the  pump  rod,  having  a 
it:  this  draws  ttp  the 


>  is  pushed  down,  which  shuts  the  valve  c,  and 

the  return  of  the  water  downwards,  which  opens 

Ive  u,  by  which  the  water  ascends  above  it.     And 

by  repeating  the  strokes  of  the  pump-rod  handle, 

tne  valves  alternately  open  and  shut,  and   the  water  is 

drawn  up  at  every  stroke,  and  runs  out  at  the  noslc  or 

spout  near  the  top. 

TAcUfting  Pump  differs  from  the  sucking  pump  only 
in  the  disposition  of  its  valves  and  the  form  of  its  piston 
frame.  This  kind  of  pump  is  represented  in  fig.  2,  pi. 
28  ;  where  tlie  lower  valve  d  is  moveable,  being  worked 
up  and  down  with  the  pump  rod,  which  lifts  the  water 
up,  and  so  opens  the  upper  valve  c,  which  is  fixed,  and 
permits  the  water  to  issue  through  it,  and  run  out  at  top. 
Then  as  the  piston  D  descends,  the  weight  of  the  water 
above  c  shuts  that  valve  c,  and  so  prevents  its  return,  till 
that  valve  be  opened  again  by  another  lift  of  the  piston 
D.     And  so  on  alternately. 

Tie  Forcing  Pump  raises  the  water  through  the  sucker, 
or  lower  vnlve  c  (fig.  3,  pi.  28),  in  the  same  manner  as 
the  sucking  pump ;  but  as  the  piston  or  plunger  »  has 
no  valve  in  it,  the  water  cannot  get  above  it  when  this 
is  pushed  down  again;  instead  of  which,  a  side  pipe 
is  inserted  Ulween  c  and  d,  having  a  dxcd  valve  at  E 
opening  upwards,  through  which  the  water  is  forced  out 
of  the  purop'by  pushing  down  the  plunger  i>. 

To  the  forcing  pump  is  sometimes  adapted  an  air  ves- 
sel, in  which  the  air  being  compressed  by  the  water,  by  its 
elasticity  acis  upon  the  water  again,  and  forces  it  out  to 
a  great  distance,  and  in  a  continutjd  stream,  instead  of  by 
jets  or  jerks.  So,  Newsham's  engine,  for  extinguishing 
fires,  consists  of  two  forcing  pumps,  which  alternately 
drive  water  into  a  dose-vessel  of  air,  by  which  means  the 
air  in  it  is  condensed,  and  compresses  the  water  so 
strongly,  that  it  rushes  out  with  great  impetuosity  and 
adequate  apparatus :  but  force  through  a  pipe  that  conies  down  into  it,  making  a 
being  only  raised  by  the  continued  uniform  stream. — By  means  of  forcing  pumps, 
r  may  be  raised  to  any   height  whatever  above  llie 

^1  of  a  river  or  spring;  and  machines  may  be  con- 
■rk  these  pumps,  either  by  a  running  stream, 
a  tall  ot  water,  or  by  horses. 

Observations  on  Puinpt. — The  force  required  to  work  a 
pump,' is  equal  to  the  weight  of  water  raised  at  each 
stroke,  or  equal  to  the  weight  of  water  filling  the  cavity 
of  the  pipe,  and  its  height  equal  to  the  length  of  the 
stroke  made  by  the  piston.  Hence  if  d  dennte  the  dia- 
meter of  the  pipe,  and  I  the  length  of  ilie  stroke,  both 
in  inches;  then  is  ■7854(i'/  the  content  of  the  water 
raised  at  a  stroke,  in  inches,  or  OO^MV  in  ale  gallons; 
and  the  \vfight  of  it  is—  ounces  or  ■—— lb.  But  if 
the  handle  of  the  pump  be  a  lever  which  gains  in  the 
power  ot  p  to  I,  the  force  of  the  hand  to  work  the 
pump  will  be  only  ^7;;;;lh,    or,-  when  p  i 


ising  water, 


up  the  bucket  n,  by  means 
iny  kind  of  a  handle  fixed  to 
I  that  is  above  it,  or  if  not, 
water  pushes  up  the  valve  c, 
and  enters  to  supply  the  void  left  between  c  and  v,  be- 
ing forced,  up  by  [he  pressure  of  the  atmosiphere  on  the 
siufacc  of    the   water  iu   the   well   below.      Next,  the 


stance,  it  will  he  -^ — lb.'    And  all  these  over  and  above 
the  friction  of  the  moving  parts  of  the  pump. 

dewWiPuMP,  acts  both  by  suction  and  by  press! on. 
Thus,  a  brass  cylinder  abcd  (fig.  5,  pi- 28),  furnished 
with  a  valve  at  L,  is  placed  in  the  water.  In  this  is 
fitted  the  piston  KM,  made  of  grei'n  wood,  which  will 
not  swell  in  the  water,  which  is  adjusted  to  the  aper- 
ture of  the  cylinder  with  a  covering  of  leather,  but  with- 
out any  valve.  Another  tube  nh  is  fitted  on  at  ii,  with 
a  valve  I  opening  upwards. — Now  the  piston  being  raised. 


DigczecDyV^OUyie 


P  U  M 


E  ■»  ] 


PUR 


the  wkter  opens  tbe  valve  i.,  and  Tim  into  the  cavity  of 
the  cylinder. — When  the  pislon  is  tlepressed  again,  Ota 
valve  I  is  opened,  and  the  water  is  driven  up  through  the 
tube  HIT.  This  was  ihe  pump  used  among  the  aocientf, 
and  that  from  which  the  others  have  been  deduced. 


Samuel  Morland  has  endeavoured  to  increase 
lessening  the  friction  ;  which  he  has  done  in 
gree.     "fiiere  are  various  Icinds  of  pumps  used  in  ships, 
for  throwing  the  water  out  of  the  hold,  and  on  other  oc 
casions,  as  the  chain  pump,  &c. 

A  Ta^Ib  by  which  the  Quantity  and  Weight  of  Water 
in  a  Cylindrical  Bore  of  any  given  Diameter  and  Per- 
pendicular Height,  may  be  found  ;  and  consequently, 
the  Degree  of  Power  that  wilt  be  requisite  to  work  any 
Hydraulic  Engine.    By  James  Fergosok,  f.  r.s. 


PUNCHEON,  a  measure  for  liquids,  oontaining  {  of 
a  tun,  or  a  hogshead  and  |,  or  84  gallons. 

PUNCHINS,  or  Punchions,  in  Building,  short  pieces 
of  timber  placed  to  support  some  consideralile  weight. 

PUNCTATED  Hyperbola,  in  the  higher  geometry,  an 
■     e  conjugate  oval  is  infinitely  small,  that 
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force  by    hyperbola,  whoB 
great  de-     is,  a  point. 

PUNCTUM  ex  Comparaiione,  is  either  foy us,  in  theeU 
lipse  or  hyperbola  ;  su  caHcd  by  Apolloniut,  because  the 
rectangle  under  two' abscisses  made  at  the  focus,  is  equal 
to  one-fourth  part  of  what  he  calls  Ihe  figure,  which  js  tho 
square  of  the  conjugate  axis,  or  the  rectangle  under  tho 
transicrse  and  the  parameter, 

PimcTUM  Duplfx,  double  point,  in  tho  higher  geome- 
try, a  point  where  two  branches  of  a  curve  intersect.  See 
CiTRVE,  Lemniscate,  Sec. 

PURBACH  (Geoboe),  a  very  eminent  matbematician 
and  astronomer,  was  born  at  Purbach,  a  town  upon  tho 
confines  of  Bavaria  end  Austria,  in  1423,  and  educated 
at  Vienna.  He  afterwards  visited  tlie  most  celebrated 
universities  in  Germany,  France,  and  Italy;  and  found 
a  particular  frien'd  end  patron  in  Cardinal  Cusa  at  Rome. 
Returning  to  Vienna,  he  waa  appointed  mathematical 
professor,  in  which  oflice  he  continued  till  his  death, 
which  happened  in  1461,  in  the  39th  year  of  his  ajja 
only,  to  the  great  loss  of  the  learned  world. 

Ptu-bach  composed  a  great  number  of  pieces,  on  mai 
thematical   and    astronomical  subjects ;    and  his   fame 

brought  many  students  to  Vienna,  and  among  them,  the 

e&cb     celebrated  Regiomontanus,  between  whom   and  Purbacli 

there  subsitled    the    strictest    friendship   and    union  of 

""  cele- 


The  numbers  to  the  right  band  from  the  points 
column  are  decimals. 

For  tens  of  feet  high,  remove  the  decimal  points  one  "udies  till  the  death   of  tho  latter.      i 

place  forward;  for  hundreds  of  feet,  two  places;   for  Crated    mathematicians  laboured    together   to    improve 

thousands  of  feet,  three  places ;  and  so  on.  '^''"7   '»™"'^t    °^   learning,  by  all   the  meani  in  their 

Then,'  multiply  the  sums  by  the  square,  of  the  diame-  power,  though  astronomy 

ter  of  tbe  given  bore  ;  and  the  products  will  be  the  quan-  "*" 


to  have  been  tbe  favou- 
rite of  both ;  anil  had  not  the  immature  death  of  Pur-  ' 
bach   prevented  his  further  puruiits,  there  is  no  donbt 

but  that,  by  their  joint  industry,  astronomy  would  have 

'ExAMTi.f^a.  7%e  Sluanii^  and  Wright  qf  Water  m    been^  cultivated  to  a  'ejy  great  d^grw-    That  this  iijiot 


tity  of  water  in  the  pipe,  in  cubic  inches,  and  in  troy  and 
avoirdupois 

ExAUFLE. — yu.  iJie  Kuanitty  and  frngnt  qf  frater  m  "™"  huutbhh.  ,  „ 
m  upright  Pipe  vihoie  Bore  it  10  Inchee  in  DiamOer,  and  merely  surmise,  may  be  learnt  from  those  improvemenU 
iltHeight  208  Feetf — The  Squarwof  10  is  100.  which  Purbacli  actually  did  make,  to  render  the  study 
r^W,A.  Cubic  lnch«.  Tn^Ou™.  A«,iri.O=«-.  of  it  more  easy  and  pruoticable.  His  first  essay  was  to 
200  -  1884'95i62  •  994-24680  -  1090-8.1078  amend  tbe  Latin  translation  of  Ptolemy's  Almagest,  which 
8  -  75-39822  •  S9"76897  -  43-63343  '""'  **^"  made  from  the  Arabic  version;  which  he  did, 
— 1 — 1134^46401  ""'  ^^  ^^^  ^°'P  °^  ^^^  Greek  text,  for  be  was  unacquainU 


ed  with  that  language,  but  by  drawing  the  moat  probable 
I  tbe  sense  of  the 


S08      -     1960-35384     -  10; 

■  Multiply  by     -       lOO     -                 ,™     -                   *™  (■--»■-..■ 

■  A..        'a6Q35M4     -    ,03M>Vi77    -     UStrf-IOl  3™'-  '"»»  '  """  "'"'"'" 

Which  number  of  cubic  inches  bnng  divided  by  231  He  then  proceeded  to  other  works,  and  among  them, 

(the  number  of  cubic  inches  in  a  wine  gallon)  gives  he  wrote  a  tract,  which  he  entitled.  An  Introduction  to 

S4B^  fur  the  number .  of  gallons  of  water  in  the  pipe ;  Arithmetic  i  then  a  treatise  on  Gnomonics,  or  Dialling 

and  the  respective  weights,  103401-577  and  113446-40),  with  table*  suited  to  the  difference  of  climates  or  latitudes! 

being  divided  by  12  and  by  l6,  give  86l6^  for  the  nuni>  also  a  small  tract  concerning  the  Altitudes  of  the^fiun, 

ber  of  troy  pounds,  and  709^^  for  the  number  of  avoir-  with  a  table  i  also,  Astrolabic  Canons,  with  a  table  of  tbe 

dupois  pounds  of  water.     The  power  of  an  engine  equal  parallels,    proportioned    to   every  degree  of    the   equi> 

to  the  weight  will  just  balance  the  water)  but  the  engine  noctial, 

must  have  as  much  more  power  as  will  be  sufficient  to  After  this,  he  constructed  Solid  Spheres,  or  Celastial 

overcome  ihe  fiiction  of  its  working  parU.— In  pumps,  it  Globes,  and  composed  a  new  Uble  of  fixed  stars,  adding 

matters  not  what  the  diameter  of  any  part  of  tbe  bore  the  longitude  by  which  ev«ry  star,    since  the  time  of 

berbesidesthatpartin  which  the  pision  or  bucket  works;  Ptolemy,  had  increased,    He  also  invented  various  other 

for,  the  power  requisite  to  work  them  will  he  the  same  ai  instruments,  among  which  was  the  Gnomon,  or  Ceome* 

if  the  whole  bore  wb*  of  that  diameter  throughout.  trical  Square,  with  canons  and  a  table  for  the  ^ise  of  it, 

W>r-PuMP,  in  Pneumatics,  is  a  machine,  by  means  of  He  not  only  colleclfd  the  various  table*  of  the  Primum 

irhicb  the  air  it  emptied  out  of  vessels,  and  a  kind  of  Mobile,  but  added  new  one*.     He  made  very  great  im>  - 

vacuum  produced  in  them.      For  the  particular*  of  provement*  in  Trigonometry,  and  by  introducing  the  table 

which,  lee  Aift-AcNp.  of  Sines,  by  a  decimal  division  of  tiia  Ttdiui,  be  qiiita 
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ebtinged  the  appearance  uf  thnc  science:  he  lapposcd  the 
radius  to  be  divided  Jnlo  fioO.OOO  equal  parts,  and  com- 
puted the  vines  a(  ihe  arcs,  tor  every  ten  minutes,  in  such 
etjual  parts  uf  tlic  radius,  by  llie  dccimul  nututiun,  instead 
ot'tlie  duodecitnul  one  delivered  by  ttii'  Greeks,  and  pre* 
served  even  by  [he  Arabians  till  our  HUtlmr's  lime ;  a  pro- 
ject which  was  completed  by  his  friend  tU'^iomontanus, 
who  computed  tbe  sines  to  every  minute  of  the  quadrant, 
ia  l,00l),0U0lh  parts  of  the  radius. 

Having  prcpared'llie  tables  of  the  fixed  stars,  he  next 
undertuoic  to  reti>rm  those  of  the  pinneis,  and  constructed 
some  entirely  new  ones.  Having  finished  his  tables,  he 
wrote  a  kind  ot  Perpetual  Almanuc,  but  chielly  for  the 
moon,  answering  to  the  periods  uf  Meton  aud  Calippus ; 
also  an  A4nianac  for  the  Planets,  or,  as  Regiomontanus 
afterwards  called  it,  an  I'^phcmeris,  for  many  years.  But 
observing  that  there  were  some  planets  in  the  heavens  at 
a  great  distance  frum  the  places  where  they  were  described 
to  be  in  the  tables,  parliculurly  the  sun  and  rooon  (the 
eclipses  uf  which  were  observed  frequently  to  happen  very 
different  from  the  times  predicteii),  hi'  applied  himself  to 
coastruct  new  tables,  pufticularly  adapted  to  eclipses; 
which  were  long  ufter  tkniuus  fur  their  exactness.  To  the 
nme  time  may  be  referred  his  finishing  that  celebrated 
work,  entitled,  A  New  Tluory  of  the  Planets,  which  Re- 
gtomo  man  us  afterwards  published  the  first  of  all  the  works 
executed  ut  his  new  printiiig-bou^e. 

PURt'  Hyperbola,  is  an  Hyperbola  without  any  oval, 
node,  cusp,  or  conjugule  point ;  which  buppeiu  throuj;b 
the  impossibility  of  two  of  its  roots. 

Pure  Maihantuia,  Priyiotition,  ^adratict.  Ice.  See 
the  seteral  articles. 

PURLIN tS,  in  Architucture,  those  pieces  of  timber 
that  lie  across  the  rafters  on  the  inside,  to  keep  them  from 
unking  in  the  middle  of  their  length. 

PYKA.MID,  a  solid  having  any  plane  figure  for  its  base, 
and  its  sides  triangles  whose  vertices  all  meet  in  a  point  at 
the  top,  called  the  vertex  of  the  pyramid  ;  the  base  of 
each  triangle  being  the  sides  of  the  plane  base  of  the  pyra- 
mid.— The  number  of  triangles  is  equal  to  the  number  uf 
the  sides  of  tbe  base  ;  and  a  concis  a  round  pyramid,  or 
one  having  an  infinite  number  of  aides. — The  pyramid  is 
also  denominated  according  to  the  figure  of  its  base,  being 
triangular  when  the  base  is  a  triangle,  quadrangular  when 
a  quadrangle,  &c. 

TTie  (iiu  of  the  pyramid,  is  the  line  dra,wn  from  the 
vertex  td  the  centre  of  the  base ;  and  when  this  axis  is  per- 
pemljcular  to  the  base,  the  pyramid  is  said  to  be  a  right 
one  ;  otherwise  it  is  oblique. 

I.  A  pyramid  may  be  conceived  to  be  generated  by  a 
line  moved  about  the  vertex,  and  so  carried  round  the  pe- 
rimeter of  the  base. 

3.  All  pyramids  having  eqnal  bqses  and  altitudes,  are 
•qual  to  one  another :  whatever  ma;^  be  tbe  figures  of 
their  bases. 

3.  Every  pyramid  isequal  to  one-third  of  the  circum- 
scribed prbm,  or  a  prism  of  ibe  same  base  and  altitude  ; 
and  therefore  the  solid  content  of  the  pyramid  is  found 
by  multiplyingthe  base  by  tbe  perpetulicular  altitude,  and 
taking  ^.  of  the  product. 

4.  The  upright  surface  of  a  pyramid,  is  found  by  adding 
together  the  areas  of  all  the  triangles  which  form  that 
surface. 

5.  If  a  pyramid  b«  cut  by  a  plane  psrallel  to  the  base. 
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the  section  wilt  be  a  plane  figure  similar  to  the  base;  and 
these  two  figures  will  be  in  proportion  to  esch  other  as  the 
squares  of  their  distances  from  the  vertex  of  the  pyramid. 

6.  The  centre  of  gravity  of  a  pyramid  is  distant  from 
the  vertex  J  of  the  axis. 

Frustum  of  a  Pthamid,  is  the  part  left  at  the  bottom 
when  the  top  is  cut  off  by  a  plane  parallel  to  the  base. 

The  solid  content  of  the  frustum  of  a  pyramid  is  found, 
by  first  adding  into  one  sum  the  areas  ol  the  two  ends  and 
the  mesH  proportional  between  them,  the  3d  part  of  which 
sum  is  a  medium  section,  or  it  is  the  base  of  an  equal 
prism  of  the  same  altitude;  and  therefore  this  medium 
area  or  section  multiplied  by  the  altitude  gives  the  solid 
content.  So,  if  a  denote  the  area  of  one  end,  «  tbe  area 
of  the  other  end,  and  h  the  height ;  then  f  (a  4-  a  -•- 
\/Aa)  is  the  medium  area  orsection:  and  \  [a  -t-  a  -t- 
v^An)   X   his  the  solid  content. 

Ptkahids  of  Egypt,  are  very  numerous ;  but  the  most 
remarkable  arc  the  three  pyramids  of  Memphis,  or,  as 
they  are  now  called,  of  Gheisa  or  Gize.  These  are  square 
pyramids,  and  the  greatest  of  them  measures  700  feet  on 
each  side  of  the  base,  and  the  oblique  height  or  slant  side 
measures  the  same ;  and  its  base  covers,  or  stands  upon, 
nearly  11  acres  of  ground.  It  is  thought  by  some  that 
these  pyramids  were  designed  and  used  as  gnomons,  for 
astronomical  purposes ;  and  it  is  remarkable  that'their 
four  sides  are  accurately  in  the  direction  of  the  four  car- 
dinal points  of  the  compass,  east,  west,  north,  and  south. 

PVHAMIDAL  Numbcn.  are  the  sums  of  polygojial 
numbers,  collected  after  the  same  manner  as  the  poly- 
gonui  numbers  themselves  are  found  from  arithmetical 
progressions.  These  are  particularly  called  First  pyrami- 
dals.  The  sums  of  first  pjraniidals  arc  called  second  py- 
rainidals;  and  the  sums  uf  the  2d  are  3d  pyramidals;  and 
so  on.  Particularly,  those  arising  from  triangular  num- 
bers, arc  called  Prime  Triangujar  Pyramidals;  those 
arising  from  pi-nlagonal  numbers,  are  called  Prime  Pen- 
tagonal Pyramidals  1  and  so  on. 

The  numbers  1,     4,     10,     SO,     35,  ice, 

formed  by  adding  the  tri- J  g  . 

angulars  j    i       »         '         »       ^i  «v, 

are  usually  called  simply  by  the  nameof  pyratQidals;  and 
thegeneral  formula  for  Gndingthemisn  x  — —  x  Z,Z—- 
so  the  4ih  pyramidal  is  found  by  substitating  4  for  n ;  the 
£th  by  substituting  j  for n;  &c.  See  Fiourate  Nttm^f, 
and  PoLTG0NAijJV«m6ew. 

PYRAMIDOro,  is  sometimes  used  for  the  parabolic 
spindle,  or  tlje  solid  formed  by  the  rotation  of  a  seraipa- 
rabola  abotit  its  base  or  greatest  ordinate.  See  Paka- 
BOLic  Spindle. 

PYROMETER,  or  fire-measurer,  a  machine  for  mea- 
suring the  eNpansion  of  solid  bodies  by  heat.  Musscben- 
broek  was  the  first  inventor  of  this  instrument ;  though  it 
has  since  received  several  improvements  by  other  philo- 
sophers. He  has  given  a  tHble  of  the  expansions  of  the 
different  metals,  with  various  degrees  of  beat. '  Having 
prepared  cylindric  rods  of  iron,  steel,  copper,  brass,  tin, 
and  lead,  he  exposed  them  first  to  a  pyrometer  with  one 
flame  in  the  middle  ;  then  with  two  flames ;  then  succes- 
sively with  three,  four,  and  five  flames.  The  effects  were 
as  in  tbe  following  Table,  where  t^e  degrees  of  expan- 
sion ace  marked  in  parts  equal  to  ibe  12500th  part  of  as' 
inch. 
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Iron 

S(«1 

Copp. 

Bra» 

Tin 

Lad 

By  1  flame 

80 

85 

69 

110 

153 

155 

By    2    flames  1 

placed  clc^se  J- 

117 

123 

115 

220 

274 

togeihcr        J 

By  2  flames  at") 

2iinchesdis-i- 

109 

94 

92 

UI 

219 

263 

tant               J 

By     3     flames! 

close  togetlicrt 

142 

168 

193 

275 

By    ,4     flames'? 
close  together  J 

211 

270 

270 

361 

By  5  flames 

230 

310 

310 

377 

Tin  easily  melts  vrhen  lieaicd  by  two  flames  placed  close 
together!  and  lead  with  three  flames  close  logether,  when 
they  burn  long. 

It  hence  appears  that  the  expansion  of  any  metal  is  in  a 
less  d^rec  than  the  number  of  flames :  so  two  flames  give 
less  than  a  double  expansion,  three  flames  less  than  a  triple 
expansion,  and  so  on,  always  more  and  more  below  the 
ratio  of  the  number  of  flames.  And  the  flames  placed  to- 
gether cause  a  greater  expansion,  than  niih  an  interval  be- 

For  the  construction  of  Musschenbroek's  pyrometer, 
with  alterations  and  improvements  upon  it  by  Dcsaguliers, 
see  Desag.  Expcr.  Philos.  vol.  1,  pa.  431 ;  see  also  Muss- 
chenbroek's translation  of  the  Experiments  of  the  Academy 
del  Cimento,  printed  at  Lcyden  in  1731 ;  and  for  a  pyro- 
meter of  a  new  construction,  by  which  the  expansions  of 
metals  in  boiling  fluids  may  be  examined  and  compared 
with  Fahrenheit's  thermometer,  see  Mussch.  Introd.  Philos. 
Nat,  4to,  1762,  vol.  3,  pa.  6IO, 

But  as  it  has  been  observed,  that  Musschenbroek's  py- 
rometer-was liable  to  some  objections,  these  have  been  re- 
moved in  a  great  measure  by  Ellicott,  who  has  gwen  a 
description  of  hi)  improved  pyrometer  in  the  Philos.  Trans, 
numb.  4-^3.  This  instrument  measures  ihc  expansions  to 
the  7300lh  part  of  an  inch ;  and  by  means  of  it,  Mr.  EUi- 
cott  found,  on  a  medium,  that  the  expansions  of  bars  of 
diflerent  metals,  as  nearly  of  the  same  dimensions  as  pos- 
sible, by  the  same  degree  of  heat,  were  as  below ; 

GoU         Silrer         Bntt         Copper         lion         Steel         Lead 

73  103  95  89  60  56  149 

The  great  difl'crence  between  the  expansions  of  iron  and 

brass,  has  been  applied  with  good  success  to  remove  the 

irregularities  in  pendulums  arising  from  heat     Philos, 

Trans,  vol.  47,  pa.  485. 

Mr.  Graham  used  to  measure  the  minute  expansions  of 
metal  bars,  by  advancing  the  point  of  a  micrometer  screw, 
lilt  it  sensibly  stopped  against  the  end  of  the  bar  to  be 
measured.  This  screw,  being  small  and  very  lightly  hung, 
was  capable  of  agreement  within  the  3000  or  4000th  part 
of  an  inch.  And  on  Ibis  general- principle  Mr.  Smeaton 
contrived  his  pyrometer,  in  which  the  measures  are  de- 
temined  by  the  contact  of  a  piece  of  metal  with  the  point 
of  a  micrometer-screw.  TJiis  instrument  makes  the  ex- 
pansions sensible  to  the  2345th  part  of  an  inch.  And  when 
it  is  used,  both  the  instrument  and  the  bar  to  be  measured 
are  immerged  in  a  cistern  of  water,  healed  to  any  degree, 
up  to  boiling,  by  means  of  lamps  placed  under  the  cistern  ; 
and  the  water  communicates  tke  same  degrte  of  beat  to 


204 


229  . 


247 
274 
298 
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the  instrument  and  bar,  and  to  a  mercurial  thermometer 
immerged  in  it,  for  ascertaining  that  degree. 

With  this  pyrometer  Mr.Smcaion  made  several  experi- 
ments, which  arc  arranged  in  a  table;  and  he  remarks,- 
that  tbeir  result  agri-es  very  well  with  the  proportions  of 
expansions  of  several  metals  given  by  Mr.Ellicoll.  The 
following  table  shows  how  much  a  f»ot  in  length  of  each 
mctak  expands  by  an  increase  of  heat  correspondinK  to 
180  of  i'ahrojihcit's  thermometer,  or  to  the  difference 
between  the  temperatures  of  freezing  and  boiling  water, 
expressed  in  the  lOOOOth  part  of  an  inch. 
1.  While  glass  barometer  tube  -  -     100 

2-  Martial  regains  of  antimony  -  -     130 

3.  Blistered  steel  -  .  .     133 

4.  Hard  steel  '       -  -  .  ,     147 

5.  Iron  ,  -  .  -     151 

6.  Bismuth      ,      -  -    '  .  -     ifi?   , 

7.  Copper,  hammered 

8.  Copper  8  parts,  mixed  with  I  part  tin 

9.  Cast  brass  -  -  . 

10.  Brass  t6  parts,  with  I  of  tin 

11.  Brass  wire 
li.  Speculum  metal  ..  . 

13.  Spelter  solder,  viz  3  parts  brass  and  1  zinc 

14.  Fine  pewter        .... 

15.  Grain  tin  -  -  - 

16.  Soft  solder;  viz  lead  2  and  tin  I 
17-  Zinc  8  pa>ts,with  tin  I,  a  little  hammered       -     333 

18.  Lead      -  -  _  .  .     g^^ 

19.  Zinc  or  speller  -  -  -     353 

20.  Zinc  hammered  half  an  inch  per  foot  -     373 
For  a  furtlier  account  of  this  instrument,  with  ils  use 

see  Philos,  Trans,  vol.  48,  pa.  598. 

Mr.  Ferguson  has  constructed,  and  described  a  pyro- 
meter (Lect,  on  Mechanics,  Soppl.  pa.  7,  4to),  which 
makes  the  expansion  of  metals  by  heat  visible  to  the 
450OOtb  part  of  an  inch.  And  another  plan  of  a  pyro- 
meter has  lately  been  invented  by  M.  Deluc,  in  conse- 
quence of  a  hint  suggested  to  him  by  Mr.  Itamsden  :  for 
an  account  of  which,  with  Ibe  principle  of  its  construc- 
tion and  use,  both  in  the  comparative  measure  of  the  ex- 
pansions of  bodies  by  heat,  and  the  measure  of  their 
absolute  expansion,  as  well  as  the  experiments  made  with 
it,  seeM.  Ueluc's  elaborate  essay  on  pyrometry  &c,  In 
tbe  Philos.  Trans,  vol.  68,  pa.  419  Ac. 

Other  accurate  ana  ingenious  contrivances,  for  the 
measuring  of  expansions  by  heat,  have  been  made  by  Mr. 
Ramsden  ;  which  he  has  successfully  applied  in  the  case 
of  the  measuring  rods  and  chains  lately  employed,  by 
General  Roy  and  Col.  Williams,  in  measuring  the  base 
on  Hounslow  Heath,  &c;  which  determine  the  expan- 
sions, to  great  minuteness,  for  each  degree  of  the  thermo- 
meter.    See  Phiios.  Trans.  1785,  &c. 

PYROPHORUS.  the  name  usually  given  to  that  sub- 
stance by  Fome  called  black  phosphorus ;  being  a  ebemi. 
cat  preparation  possessing  the  singular  property  of  kin- 
dling spontaneously  tvhen  exposed  to  the  air;  which  was 
accidentally  discovered  by  M.  Hombcrg,  who  prepared  it 
of  alum  and  human  fseces.  Though  it  has  since  been 
found,  by  the  son  of  M.  Lemcri,  that  the  fxces  are  not 
necessary  to  it,  but  that  honey,  sugar,  flour,  and  any 
animal  or  vegetable  matter,  may  be  used  instead  of  the 
feces ;  and  M.  Dc  Su* igny  has  shown  that  most  vitriolic 
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•alb  may  be  substituted  for  theBluin.  Sec  Priettlvy's 
Obser.  un  Air, vol.3,  Append. pa. 386, and  vol.4.  Append, 
pa.  479- 

PYROTECHNY,  the  art  of  fire,  or  the  scimce  which 
teaches  ths  application  and  management  of  fire  in  several 
operations.  Pyrotechny  is  of  two  liindi,  military  and 
chemical. 

Military  Ptrotechnt,  is  the  science  of  artificial  fire- 
,works,  and^ie-arnis,  teaching  the  structure  and  use  both 
of  those  employed  in  war,  as  gnnpowder,  cannon,  shells, 
carcasses,  mines,  fusees, &c  ;  and  of  those  made  for  amuse- 
ment, as  rockets,  starsj  serpents,  &c. — Some  call  pyro- 
.  techny  by  the  name  artillery ;  though  that  word  is  usually 
confined  to  the  instruments  employed  in  war.  Others 
choose  to  call  it  pyfobology,  or  rather  pyroballogy,  or 
the  art  of  missile  fires. — Wolfius  has  rftiuced  pyrotechny 
into  a  kind  of  mixed  mathematical  art.  Indeed  it  will 
not  allow  of  geometrical  demonstrations;  but  he  brings 
it  to  tolerable  rules  and  reasons;  whereas  it  had  formerly 
been  treated  by  authors  at  random,  and  without  regard 
to  any  reasons  at  all.  See  tha  several  articles  Cankov, 
Gunpowder,  Kocbet,  Shell,  &c.' 

Chanical  Ptruteciikt,  is  the  art  of  managing  and 
applying  fire  in  distillationa,  calcinations,  «nd  other  ope- 
rations  of  chemistry.  Some  reckon  a  third  kind  of  pyro- 
techny, viz,  the  art  of  fusing,  refining,  and-  prcpttring 
metah. 

PYTHAGORAS,  one  of  the  most  celebrated  pbiloso- 
phcrs  of  antiquity,  was  born  about  tbe  47  th  Olympiad, 
or  S^  years  before  Christ.  His  father's  principal  resi- 
dence was  at  Samos,  but  being  a  travelling  merchant,  his 
BOD  Pythagoras  was  bora  at  l^idon  in  Syria ;  but  soon  re- 
turning home  again,  our  philosopher  was  brought  up  at 
Samos,  where  he  was  educated  in  a  manner  that  was 
answerable  to  the  greiu  hopes  that  ffcre  conceived  of  him. 
He  was  called  "  the  youtb  with  a  fine  head  of  hair  ;"  and 
from  the  great  qualities  that  soon  apneared  in  him,  he' 
was  regarded  as  a  good  genius  sent  into  the  world  for  the 
benefit  of  mankind. 

Samos  however  afforded  no  philosophers  capable  of 
satisfying  his  thirst  for  knowledge ;  and  therefore,  at  18 
'  years  of  age,  he  resolved  to  travel  in  quest  of  them  else- 
where. The  fame  ofPherecydes  drew  him  first  to  the 
island  of  Syros  :  from  hence  be  went  to  Miletus,  where  be 
conversed  with  Thales.  He  then  travelled  to  Phcenicia, 
»nd  stayed  some  time  at  Sidon,  the  place  of  his  birth ;  and 
from  hence  be  passed  into  Egypt>  where  Thales  and 
Solon  had  been  before  him. 

Having  spent  25  years  in  Egypt,  to  acquire  all  the 
learning  and  knowledge  he  could,  procure  iM  that  country, 
he' travelled  with  the  same  view  through  Chaldea,  and 
visited  Babylon  and  India.  Returning  after  some  time, 
he  went  to  Crete  ;  and  from  hence  to  Sparta,  to'  be  in- 
structed in  the  laws  of  Minos  and  Lycurgus.  He  then 
returned  again  to  Samos;  but  finding  it  under  the  tyranny 
of  Pojy crates,  he  quitted  it  again,  and  visited  the  several 
countries  of  Greece:  passing  through  Peloponnesus,  he 
stopped  at  Phlius,  where  Leo  then  reigned,  who  was  much 
surprised  with  his  eloquence  and  wisdom. 

From  Peloponnesus  he  went  into  Italy,  and  passed  some 
time  at  Hcroclea,  and  at  Tarentum,  but  made  his  chief 
residence  at  Croton  ;  where,  after  reforming  the  manners 
of  the  citi^ns  by  preaching,  and  establishing  the  city  by 
wise  and  prudent  counsels,  he  opened  a  school  to  display 
the  treasures  of  wisdom  and  Icsrning  he  possessed.  It  is 
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not  to  be  wondered,  that  he  was  soon  attended  by  a  crowd 
of  disciples,  who  repaired  to  him  from  different  parts  of 
Greece  and  Italy. 

He  gave  his  scholars  the  rules  of  the  Egyptian  priests,' 
and  made  them  pass  through  the  austerities  which  be 
himself  had  endured.  He  at  first  enjoined  Ihem  a  five 
years  silence  iu  the  school,  during  which  they  were  only 
to  hear;  after  which,  leave  was  given  them  to  start 
questions,  and  to  propose  doubts,  under  the  caution  how- 
ever, to  3^,'  "  not  a  little  in  many  words,  but  much  in  a 
few,"  Having  gone  through  their  probationr  they  were 
obliged,  before  ih>y  were  admitted,  to  bring  all  their  for- 
tune into  the  common  stock,  which  was  managed  by  per- 
sons chosen  on  purpose,  and  called  (economists,  and  the 
whole  community  had  all  things  in  common. 

The  desire  of  concealing  their  mysteries  induced  the 
Egyptians  to  make  use  of  three  kinds  of  styles,  or  ways  of 
expressing  their  thoughts;  the  simple,  the  hieroglyph ical, 
and  the  symbolical.  In  the  simple,  they  spoke  plainly 
and  intelligibly,  as  in  common  conversation  ;  in  the  bic- 
roglyphical,  they  concealed  their  thoughts  under  certain 
images  and  characters ;  and  in  the  symbolical,  they  ex- 
plained them  by  short  expressions,  which,  under  a  sense 
plain  and  simple,  included  another  wholly  figurative. 
Pythagoras  burrowed  these  three  different  ways  from  the 
H^ptianj,  in  all  the  instructions  he  gave ;  but  chiefly 
imitated  the  symbolical  style,  which  he  thought  very 
proper  to  inculcate  the  greatest  and  most  important 
truths;  for  a  symbol,  by  its  double  sense,  the  proper  and  the 
figurative,  teaches  two  things  at  once ;  and  nothing  pleases 
the  mind  more,  than  the  double  image  it  represents  to  our 

In  this  raanner  Pythagoras  .delivered  many  excellent 
things  con(»rniDg  God  and  the  human  soul,  and  a  great 
variety  of  precepts,  relating  to  the  conduct  "of  Wk,  both 
political  and  civil ;  he  made  also  some  considerable  dis- 
coveries and  advances  in  the  arts  and  sciences.  Thus, 
among  the  works  ascribed  to  him,  there  are  not  only 
books  of  physic,  and  books  of  morality,  like  that  con- 
tained in  what  are  called  hi*  Golden  Verges,  but  treatises 
on  politics  and  theology.  All  these  works  are  lost:  Jml 
the  vastness  of  his  mind  appears  from  the  wonderful 
things  be  performed.  He  delivered^  as  antiquity  relates, 
several  cities  of  Italy  and  Sicily  from  the  yoke  of  slavery ; 
he.  appeased  seditions  in  others;  and  he  softened  the 
manners,  and  brought  to  temper  the  most  savage  and  Un- 
ruly spirits,  of  several  people  and  tyrants.  Phalaris,' 
the  tyrant  of  Sicily;'it  is  said,  was  the  only  one,  who 
could  withstand  the  remonstrances  of  Pythagoras ;  and 
he  it  seems  was  so  enraged  at  his  discourses,  thathem- 
dered  him  to  be  put  i<S  death.  But  though  the  lectures  of 
the  philosopher  could  make  no  impression  on  the  tyrant, 
yet  they  were  sufficient  to  reanimate  the  Sicilians,  and  to 
put  them  upon  a  bold,  action.  In  short,  Phalaris  wtB- 
killed  the  same  day  that  he  had  fixed  for  die  death  of  thf 
philosopher. 

Pythagoras  had  a  great  veneration  for  marriage;  an3 
therefore  himself  married  at  Croton  a  daughter  of  one  of 
the  chief  men  of  that  city,  by  whom  he  had  two  sons  and 
a  daughter  :  one  of  ihq  sons  succeeded  his  father  in  the 
.school,  and  became  the  master  of  Empedocles:  the 
daughter,  named  Darao,  was  distinguished  both  by  hex 
learning  and  her  virtues,  and  wrote  an  excellent  com- 
mentary upon  Homer.  It  is  also  related,  that  Pythagoras 
had  given  her  tome  of  his  writings,  with  express  commands 
2M 
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Bot  to  impart  them  to  any  but  those  of  his  own  family ;    is  laid  he  di»coverecl,  or  mtuntained  the  true  lyrtem  of 
to  nhich  Damo  wni  so  scrupulously  obedient,  that  even     the  world,  which  places  the  sun  in  the  centre^  and  make*- 


all  the  pliines  revolve  about  him  ;  anii  fropi  him  it  i: 
this  day  cnlled  the  old  or  Pythagorean  system ;  and  is' 
the  same  as  that  revived  by  Copernicus.  He  first  dis- 
covered, that  Lacifer  and  Hesperus  were  but  one  and  the 
same,  being  ihe  planet  Venus,  though  formerly  thought 
be  two  diflerent  stars.     The  invention  of  the  obliquity 


when  she  was  reduced  to  extreme  poverty,  she  refused  b 
great  turn  of  money  for  them. 

From  the  country  in  whi«:h  Pythagoras  thus  settled  and 
ftave  his  inatruclions,  his  society  of  disciplea  was  called 
the  Italic  sect  of  philosophers,  and  their  reputsdon  con- 
tinued for  some  ages  afterwards,  when  the  Academy  and 

the  Lycaaura  iinjttd  to  obscure  and  swallow  up  the  Italic  of  the  zodiac  is  likewise  ascribed  to  him.     hf  first  gave 

sect.     Pyibagoras's  disciples  regarded  the  words  of  their  to  the  world  the  name  Kar/^a;,  Kotmoi,  from   the  order 

master  as  the  oiaclcs  of  a  god ;    his  authority  alone,  and  beauty  of  all  things  comprehended  jn  it ;  asserting 

though  unsupported  by  reason,  pa^ised  with  them  for  rea-  that  it  was  made  according  to  musical  proportion  :  for,, 

■on  itself :  they  loohcd  on  him  as  the  most  perfect  image  as  he  held  that  the  sun,   by  him  and  his  followers  termed 

of  God  among  men.     His  house  was  called  the  temple  of  the  fiery  globe  of  unity,  was  seated  in  the  midit  of  the 

Ceres,  and  hi*  court-yard  the  temple  of  the  Muses  :  and  universe,  and  the  earth  and  planets  moving  around  him, 

when  he  went  into  towns,  it  was  said  he  went  thither,  "  not  so  he  held  that  the  seven  planets  had  an  harmonious  mo- 

to  teach  men,  but  to  heat  them."  tion,  and  tbeir  distances  from  the  sun  corresponded  to  the 

Pythagoras  however  was  persecuted  by  bad  men  in  the  musical  intervals  or  divisions  of  the  monochord. 
latter  years  of  his  life  ;  and  some  say  he  was  kilted  in  a         Pythagoras  and  his  followers  held  the  transmigration 

tumult  raised  by  them  against  him;  but  according  to  of  souls,  malung  them  successively  occupy  one  body  after 

others,  he  died  a  natural  death,  at  90  years  of  age,  about  another:  on  which  account  they  abstained  from  flesh, 

497  years  before  Christ.  ond  lived  chieRy  on  vegetables.     This  he  probably  learnt 

Besides  the  high  respect  and  veAerstion  the  world  has  in  India. 
Hlways  had  for  Pythagoras,  on  account  of  the  excellence         Pttmaoorab's  Table,  the  same  as  the  multiplication- 

of  his' wisdom,  his  morality,  his  theology ,'and  politics,  be  table;  which  see. 

was  renowned  as  learned  in  all  the  sciences,  and  a  consi-         PYTHAGOREAN,  or  Pythaooric,  SfHenif  unong 

dcrable  inventor  of  many  things  in  ihcm;  as  arith(netic,  the  ancients,    was  the  same  as  the  Copernican  system 

geometry,  astronomy,  music,   &c.      In  arithmetic,  the  among  the  moderns.     In  this  system,  the  sun  is  supposed 

common  multiplication  table  is,  to  this  day,  stili  called  at  rest  in  the  centre,  with  the  earth  and  all  the  planets 

Fythagoras's  table.     In  geometry,  .it  is  said  he  invented  revolving  about  him,  eoCh  in  their  respective  orbits.     See 

many  theorems,  particularly  these  three;  1st,  Only  three  Ststku. 


so  calfed,  as  having  been  maintained  and  culti- 
vated by  Pythagoras,  and  his  followers;  not  that  it  wat 
invented  by  him,  for  it  was  much  older. 

PTTHAOORE4S  Theorem,  is  that  in  the  47th  piopost- 
tion  of  th^ first  book  of  Euclid's  Elements;  viz,  that  in  a 
sides:  for     right-angled   triangle,  the  square  of  the  longest  side   is 
say  he     equal  to  the  sum  of  both  the  squares  gf  the  two  shorter  - 
a  hun-     sides.     It  has  been  said  that  Pythagoras  offered  a  beca- 
me ox,     tomb,  or  sacrifice  of  100  oxen;  to  the  gods,  for  inspiring. 
m  with  the  discovery  of  so  remarkable  a  property. 
PYTHAGOREANS,  a  sect  of  ancient  philosophers, 
10  followed  the  doctrines  of  Pythagoras.     They  were 
doubts  whether  such  sacri-     called  the  Italic  sect,  from  the  circumstance  of  his  having 
made  for  the  said  theorem,  or     settled  in  Italy.     Out  of  his  school  proceeded  Ihe  greatest 


polygons,'  or  regular  plane  figures,  can  fill  up  the 
'■bout  a  point,  viz,  the  equilateral  triangle,  the  square, 
and  the  hexagon:   2d,  The   sum   of  the   three  angles  of 
every  triangle,  is  equal  to  two  right  angles  :  3d,  In  any 
right-angled    triangle,  the  square  on  the  longest 
equal  to  both  the  squares  on  the  two  shi 
the  discovery  of  this  lasflheorem,  some  1 
offered  to  the  gods  a  hecatomb,  or  a  sacrifice  ol 
dred  oxen;  Plutarch  however  says  it  was  only  one  ox 
and  even  that  is  questioned  by  Cicero,  as  inconsistent  wii 
hisdoctrine,  which  forbade  bloody  sacrifice! :  the  mar 
accurate  therefore  say,  he'sacrificed  an  ox  made  of  floui 
or  of  clay;  and  Pli 
fice,  whatever  it  v 


aid  Pythagoras    philosophers  and  legislators,  Zaleucus,  Charondai,  Archy- 
taa,  &e.     See  the  ariiclfc Pythagoras. 
In  astronomy  his  inventions  were  many^  and  great.     It         PYXIS  A^iniftca,  the  seaman's  compass. 
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QUA 

^QUADRAGESIMA,  a  denomination  given  to  the  time 
^^  of  lent,  from  its  consisting  of  about  40  days  ;  com- 
mencing on  ash-wednesday. 

QuADRAOEBiMA  Sunday,  is  the  first  Sunday  in  len^ 
or  the  first  aunday  after  ash- Wednesday. 

QUADRANGLE,  or  QoAORAKGULAR^sure,  in  Ge- 
ometry, is  a  plane  figure  having  four  angles  ;  and  conse- 
■  quently  four  sides  also.— To  the  class  of  quadrangles  be- 
long the  square,  parallelogram,  trapezium,  rhombus,  and 
rhomboides. — A  square  is  a  regular  quadrangle  ;  b  trape- 
zium an  irregular  one. 


QUA 

QUADRANT,  in  Geometry,  is  either  the  quarter  or 
4tli  part  of  a  circle,  or  the  4th  part  of  its  circumference  ; 
the  arch  of  which  therefore  contains  90, degrees. 

Quadrant  also  denotes  a  mathematical  instrument  of 
great  use  in  astronomy  and  navigation,  for  taking  the  alti- 
tudes of  the  sun  and  stars,  as  also  taking  angles  in  survey- 
ing, heigh  ts-and-distances,  &c.— This  instrument  is  vari- 
ously contrived,  and  furnished  with  diflerent  apparatus, 
according  to  the  various  uses  it  is  intended  for;  but  they 
have  all  this  in  common,  that  they  consist  of  the  quarter 
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QUA 


«f  a  circls,  whou  limb  or  arch  it  divided  into  90°  &c.  often  lubject  to  wsrfi  ar  twist,  therefore  tkis  vane  may  be 

Some  have  a  plummet  tuspended  from  the  centre,  and  are  rectified  by  nteaiu  of  a  screw,  so  that  the  warping  of  the 

furnished  either  with  plain  sights,  or  a  telescope,  to  look  instrument  may  occasion  no  error  in   the  observation, 

through.                                                                            -,  which  IS  performed  in  the  following  manner:  Set  the  line 

The  principal  and  most  useful  quadrants,  are  the  com-  o  on  the  vernier  against  a  degree  on  the  upper  limb  of  the 

mon  Surveying  quadrant,  the  Astronomical    quadrant,  quadrant,  and  turn  the  screw  on  the  backside  of  the  limb 

Adami's  quadmit,  Cole's  quadrant,  Collins's  or  Sutton's  forward  or  backward,  till  the  holein  the  S)ght-Tane,.the 

'.  quadrant,  Davis's  quadrant,  Guatcr's  quadrant,  Hadlcy's  centre  of  [he  glass,  and  the  sunk  spot  in  the  horison-vane, 

quadrant,  the  Horodictical  quadrant,  and  the  Sinical  qua-  lie  in  a  right  line. 

ilrant.  Sec,     Of  these,  the  two  most  deserving  of  notice,  To_fyid  the  jSrm't  Altitude  by  thU  iiutnwient.     Turn  your 

are  Hadlcy's  quadrant,  and  the   mural  or  astronomical  back  to  the  sun,  holding  the  staff  of  the  instrument  with 

quadrant.  the  right  hand,  so  that  it  be  in  a  vertical  plane  patsing 

1.  The  Common,  or  ^rveynj  Quadra VT,  is  the  in-  throu^  thesun;  apply  one  eye  to  the  sight-vant,  looking, 
strument  the  use  of  which  may  t>e  seen  in  ray  Menaura-  through  that  and  theborizon-vane  till  the  horizon  besecn; 
tion,  in  the  section  on   heights- and-d is tanceg.          ^  with  the  left  band  slide  the  quadrantal  arch  upwards,  till 

2.  TV  AitroTtomical Q,\! ABB. AtiT,  is  alarge  one,  usuatly  the  solar  spot,  or  shade,  cast  by  the  shaJe-vane,  fall  di- 
made  of  braMor  iron  bars;  having  its  limb  EF(fig.3  pl-S^]  rectly  upon  the  spot  or  slit  in  the  horizon- vane  ;  then  will 
accurately  divided,  either  'diagonally  or  otherwise,  into  that  part  of  the  quadrantal  arch,  w^ich  is  raised  above  o 
d^roes,  minutes,  and  seconds,  if  room  will  permit,  and  or  s  (according  as  the  observation  respects  either  the  solar 


funiished  either  with  two  pair  of  plain  lights  or 

scopes,  one  on  the  side  of  the  quadrant  at  ab,  and  the 


ipot  or  shade)  show  the  altitude  of  the  sun  at  that  iim 
But  for  the  meridian  altitude,  the  observation  must  bo 
other,  Cti,  moveable  about  the  centre  by  means  of  the  screw  continued,  and  as  ihc  sun  approacheii  the  meridian,  the 
O.  The  dented  wheels  t  and  n  serve  to  direct  theinstru-  sea  will  appear  through  the  horizon-vane,  which  completes 
ment  to  any  object  or  phenomenon.-— The  application  of  the  observation  ;  and  the  degrees  anJ  minutes,  counted  at 
this  usafnl  instrument,  in  taking  observations  of  the —      i-f-.    _  :»  -■        ■ 


planets,  and  fixed  stan,  is  obvious;  for  being  turned  hori- 
lontally  on  its  axis,  by  means  of  the  telescope  an,  till 
the  object  is  seen  through'the  moveable  telescope,  then 
the  degree*  &c  cut  by  the  index,  give  the  altitude  &c 
required. 


n  altitude: 
grces  counted  from  the  lower  limb  upwards  will  give  the 
senith  distance. 

4.  Adam^i  Quadraht,  diffen  only  from  Cole's,  just 
lescribed,  in  having  an  horiaontal  vane,  with  the  upper 
part  of  the  limb  lengtheq_ed  ;  so  that  the  glass,  which  casts 
3.  Cbfe**  QuADKANT,  is  a  very  useful  inttniment,  in-  the  solar  spot  on  the  horizon-vane,  is  at  the  same  distance 
Tented  by  Mr.  Benjamin  Cole.  It  consists  of  six  parts,  from  the  horlEon-vane  as  the  sight-vane  at  the  end  df  the 
vtt,  the  staff  AB  (lig.ll,  pl.39)i  'be  qukdrantal  arch  DBj     index. 

three  vanes,  a,  b.-c  ;  and  the  vernier  ra.  Vhe  staff  is  a  S.  ColUn/i  or  Sutton'*  Qqadrakt,  is  a  stereogra- 
bar  of  wood  about  3  feet  long,  an  inch  and  a  quarter  phic  projection  of  one  quarter  of  the  sphere  between 
broad,  and  of  a  aufficient  thickness  to  prevent  it  from  the,  tropics,  on  the  plane  of  the  ecliptic,  the  eye  being 
bending  o^  warping.  The  quadrantal  arch  is  also  of  in  its  north  pole;  and  fitted  to  the  latitude  of  Lon- 
wood  ;  and  is  divided  into  degrees  and  3d  parts  of  de-  don.  The  lines  running  from  right  to  left,  are  parallels 
grees,  to  a  radius  of  about  9  inches  ;  and  to  its  CEtremi-  ofaltitude)  and  those  crossing  them  are  aiimuths.  The 
tie*  are  fitted  two  radii,  which  meet  in  the  centre  of  the  smaller  of  the  two  circles,  bonnding  the  projection,  is  one 
quadrant  by  a  pin,  about  which  it  easily,  moves.  The  quarter  of  the  tropic  of  Capricorn  ;  and  the  greater  is  ^ 
Bight-vaneAisa  thin pieceofbra£s,near2  inches  in  height,  quarter  of  the  tropic  of  Cancer.  The  two  ecliptics  are 
and  one  broad,  set  perpendicularly  on  the  end  of  the  staff  drawn  from  a  point  on  the  left  edge  of  the  quadrant,  with 
A,  by  means  of  two  screws  passing  through  its  foot.  In  the  characters  of  the  signs  upon  them  ;  and  the  two  hori- 
the  middle  of  this  vane  is  drilled  a  small  hole,  through  sons  are  drawn  from  the  same  point.  The  limb  is  divided 
which  the  coincidence  or  meeting  of  the  horizon  and  solar  both  into  degrees  and  time  ;  and  by  having  the  sun's  alii- 
spot  is  to  be  viewed.  The  horizon-vane  sis  about  an  inch  tude,  the  hour  of  the  day  may  here  be  found  to  a  minute, 
broad,  and  two  inches  and  a  half  high,  .having  a  slit  cut  The  quadrantal  arches  next  the  centre  contain  the  calen- 
throagh  it  of  near  an  inch  long,  and  a  quarter  of  an  inch  dar  of  months  ;  end  under  them,  in  another  arch,  is  the 
broad  ;  this  vane  is  fixed  in  the  centre  pin  of  the  instru-  sun's  declination.  On  the  projectioaare  placed  scvtrral  of 
ment,  in  a  perpendicular  positioa,  by  means  of  two  screws  the  most  remarkab^  fixed  stars  between  the  tropic* ;  and 
passing  through  its  foot,  by  which  its  position  with  respect  the  next  below  the  projection  is  the  quadrant  and  line  of 
to  the  tight-vane  is  always  the  same,  their  angle  of  inclina-     shadows. 

n  being  equal  to  45  degrees,     l^e  shade-vane  c  is  com-         6.  T>aoU»  Quadrant,  the  same  as  the  BACKSTATf  ; 


posed  of  two  brass  plates ;  one  of  which  serves  as  an  arm, 
and  is  about  ^\  inches  long,  and  j  of  an  inch  broad,  being 
pinned  at  one  end  to  the  upper  limb  of  the  quadrant  by  a 
screw,  about  which  it  has  a  small  motion  ;  the  other  end 
n  the  arch,  and  the  lower  edge  of  the 


which  SI 

7.  Cunner'i  Quadraht,  (fig,  €,  pi.  39)i  sometimes 
called  the  Gunner's  Square,  is  used  for  elevating  and 
pointing  cannon,  mortars,  &c,  and  consists  of  two 
branches  either  of  wood  or  brass,  between  which   is   i 


to  the  middle  of  the  centre-pin  i  the  other  plate,  which  is     quadrantal  arch  divided  into  90°,  and  furnished  with 
properly  the  vane,  is  about  2  inches  long,  being  fixed  per-      ■        ■       •    •  —     '"■^- 

pendicularty  to  the  other  plate,  at  about  half  an  ijich  di- 
stance from  that  end  next  the  arch  i  this  vane  may  be 
used  either  by  its  thadp,  or  by  the  solar  spot  cast  by  a 


thread  and  plummet.— -The  use  of  this  ii 

easy  ;'  fnr  if  the  longer  branch,  or  bar,  be  placed  in  the 

mouth  of  the  piece  and  it  be  elevated  till  the  plummet 

__,  ,  _.  ,j    ., J  _     cut  the  degree  necessary  to  hit  a  proposed  object,  the 

convex  lens  placed  in  it.    And  because  the  wood-work  ii    thins  is  done, — Sometimes  on  the  sides  of  tbtflonger  bar, 

■      2M«        ' 
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QUA  [«»}  QUA 

are  noted  the  division  of  diumetera  and  weights  of  iron  year  1743.    Hon  it  bappened  that  Dr.  Hilley  never 

balls,  as  also  the  bore*  of  pieces.  mentioned  this  in  his  lifetime,  is  difficult  to  account  for ; 

S.  Gwuer'j  QuADRiiifT,  so  called  from  its  inventor  more  especially  as   Mr,  Hadley  had  described,  in  tb« 

Edmund  Gunter  (Sg.  4-,  pi.  Sp)  besides  the  apparatus  of  Transac.  fur  1731,  bis  ingtrument,  which  is  constructed 

other  quadrants,  has    a  stereograpbic  projection  of  tbe  on  the  same  principles.     Mr.  Hadley,  who  was  well  bc- 

Gpherc  on  tbe  plane  of  the  equinoctial ;    and  also  a.  ca-  quainted  with  Sir  Isaac  Newton,  rai^ht  have  beard  faini 

leiidar  of  tbe  nionlbs,  next  to  tbe  divisions  of  the  limb ;  say,    that  Dr.  Hooke's   proposal   could  ^   effected    by  " 

by  which  means,  besides  the  common  purposes  of  other  means  of  a  double  reflection;  and  perhaps  in  consequence 

Qti  ad  rants,  several  useful  questions  in  astronomy,  &c,  arc  of  this  hint,  he  might  apply  himself,  without  any  pre- 

easily  resolved.  vious  knowledge  of  what  Newton  had  actually  done,  to 

Ute  qf  Gujtter'i  SbtadTmu. — (1)  To  find  tbe  sun's  me-  the  construction  of  his  instrument.     Mr.  Godfrey  loo,  of 

ridian  altitude  for  any  given  day,  or  conversely  the  day  Pennsylvania,  had  recourse  to  a  similar  expedient;  for 

of  the  year  answering  to  any  given  meridian  altitude,  which  reason  some  gentlemen  of  that  colony  have  ascHb- 

l4Ly  the  thread  to  tbe  day  of  the  month  in  tbe  scale  next  ed  the  invention  of  this  excellent  instrument  to  him.  The 

the  limb;  then  the  degree  it  cuts  in  the  limb  is  the  sun's  trath  may  probably  he,  that  each  of  these  gentlemen  dis- 

roeridian  altitude.     And,  contrariwise,  the  (bread  being  covered  the  method  independent  of  ooe  another.     See 

set  to  the  meridian  altitude,  it  shows  the  day  of  the  Trans,  of  the  American  Society,  vol.  1,  pa.  91  Appendix. 
■nODlh.  This  instrument  consists  of  tbe  follovting  particulan  : 

(3)  To  iind  tbe  hour  of  the  Jay.  Having  set  the  bead,  1.  An  octant,  or  the  mh  part  of  a%:ircle,  abc.  2.  An 
which  slides  on  the  thread,  to  the  tiin's  place  in  the  index  d.  3.  The  speculum  b.  4.  Two  horiaontal  glasses, 
ecliptic,  observe  the  sun's  altitude  by  the  quadrant;  then  F,  o,  5.  Two  screens,  v.  and  x.  6.  Two  sigbt-vanes,  h 
if  the  bead  be  laid  over  the  same  in  a  limb,  it  will  fall  and  i. — Tbe  octant  consists  of  two  radii,  ab,  ac,  strength- 
upon  the  hour  required.  On  ibe  contrary,  laying  tbe  ened  by  tbe  braces  l,  h,  and  the  arch  »c  ;  which,  though 
bead  on  a  given  hour,  having  first  rectified  or  set  it  to  containing  only  45°,  is  nevertheless  divided  into  90  pri- 
the  sun's  place,  tbe  degree  cut  by  the  thread  on  the  limb  mary  divisions,  each  of  which  stands  for  d^rees,  and  are 
gives  the  altitude. — The  bead  may  be  rectified  other-  numbered  0,  10,  20,  30,  &c,  to  go ;  beginning  at  esch 
wise,  by  bringing  tbe  thread  to  the  day  bf  the  month,  and  end  of  the  arch  for  the  convenience  of  numbering  both 
tbe  bead  to  the  hour-line  of  13.  ways,  either  for  altitudes  or  zenith  distances  :  also  each 

(3J  To  find  tbe  sun's  declination  from  bis  place  given  ;  degree  is  subdivided  into  minulcs,  by  means  of  a  vernier, 

and  the  contrary.     Bring  tbe  head  to  tbe  sun's  place  in  But  the  number  of  these  divisions  varies  with  the  size  of 

.  the  ecliptic,  and  move  the  thread  to  the  line  of  declina-  the  iniitriiinent. 
tion  ET,  so  shall  the  bead  cut  the  degree  of  declination         The  index  o,  is  a  flat  bar,  moveable  about  the  centre  of 

required.     On  the  contrary,  the  bead  being  adjusted  to  a  the  instrument ;  and  that  part  of  it  which  slides  over  the 

given  declination,  and  the  thread  moved  to  the  ecliptic,  it  graduated  atfh,  bc,  is  open  in  the  middle,  with  Vernier's 

will  cut  the  sun's  place.  scale  on  tbe  lower  part  of  it ;  and  undtrDeath  is  a  screw, 

(4)  The  sun's  place   being  given,'  to   fibd   the  right  serving  to  fasten  the  index  against  any  division. 
ascension ;  or  the  contrary.     L^y  the  thread,  on  the  sun's         The  speculum  £  is  a  piece  of  fiat  glass,  <)uicksilvcred 
place  in  the  ecliptic,  and  the  degree  it  cuts  on  the  limb  on  one  side,  set  in  a  brass  box,  and  placed  perpendicular 
is  the  right  ascension  sought.     And  tbe  converse.  to  the  plane  of  tbe,  instrument,  tbe  middle  part'  of  the 

(5)  The  sun's  altitude  being  given,  to  find  liis  azi-  former  coinciding  with  tbe  centre  or  the  latter:  and  he- 
muth  ;  and  the  contrary.  Rectify  the  bead  fur  the  time,  cause  tbe  speculum  is  fixed  to  the  index,  ibe  position  of 
as  in  the  second  article,  and  observe  the  sun's  altitude;  it  will  bo  altered  by  the  moving  of  the  index  along  the 
bring  the  thread  to  the  complement  of  that  altitude  ;  then  arch.  The  rays  of  an  observed  object  are  received  on  the 
tbe  bead  wilt  give  tbe  aiimuth  sought,  among  tbe  azi-  speculnra,  ami  from  thence  ruflecied  on  one  of  the  hoti- 
mulh-liocs.  zon  glasses,  r  or  o;  which  are  two  small  pieces  of  look- 

p.  Hadle^t  QuADBAVT,  (fig,  7,  pi-  29)  so  called  from  ing-glass  placed  on  one  of  the  limbs,  their  faces  being 

its  inventor  John  Hadley,  esq,    is  now   universally  used  turned  obliquely  to  the  speculum,  from  which  they  re* 

as  the  best  of  any  for  nautical  and  other  observations.    It  ceivo  the  reflected  rays  of  objects.     The  glass  F  has  only 

seems  the  first  idea  of  this  excellent  instrument  was  sug'  its  lower  part  silvered,  and  se(  in  brass-work  ;*  (be  upper 
gested  by  Dr.  Hooke ;  for  Dr.  Sprat^  in  his  History  of  '  part  being  left  transparent  to  view  the  horizon.     The 

the  Royal  Society,  pa.  246,  mentions  the  invention  nf  a  glass  o  has  in  its  middle  a  transparent  slit,  through  which 

new  instrument  for  taking  angles  by  reflection,  by  which  the  horiton  is  to  be.  seen.     And  because  the  warping  of 

means  the  eye  at  once  sees  the  two  objects  both  as  touch-  the  materials,  and  other  accidents,    may  distend  them 

ing  the  same  point,  though  distant  almost  to  a  seinicircle ;  from  their  true  situation,  there  are  three  screws  passing 
which  is  of  great  use  for  making  exact  observations  at  ^  through  their  feet,  by  which  they  may  bc  easily  replaced, 
sea.    This  instrument  is  described  and  illastrated  by  a         The  screens  are  two  pieces  of  coloured  glass,  set  in 

figure  in  Hooke's  Posthumous  Works,  pa.  503.     But  as  two  square  brass  frames  x,  k,  which  serve  as  screens  >o 

it  admitted  of  only  one  reflection,  it  would  not  answer  fake  off  the  glare  of  the  sun's  rays,  which  would  other- 

tbe  purpose,     Tbe  matter  however  was  at  last  effected  by  wise'be  too  strong  for  the  eye  ;    the  one  is  tinged  much 

Sir  Isaac  Newton,  who  communicated  to  Dr.  Halley  a  deeper  iban  the  other;  as  tbey  both  move  on  Ibe  same 
paper  of  his  own  writing,  containing- the  description  of  '  centre,  they  may  be  both  or  either  of  them  used  :  in  ibo 

an  instrument  with  two  reflections,   which  soon  after  the  situation  they  have  in  tbe  figure,  they  serve  for  the  hori- 

doctor's   death   was  found  among  his   papers    by   Mr,  zon-^lass  v;  but  when  they  are  wanted  for  the  bariaon- 

Jones,  by  whom  it  w^  communicated  to  the  Royal  So-  glass  a,  they  must  bc  taken  from  their  present  situation, 

ciety,  and  it  wa;  published  in  the  Philos,  Trans,  for  the  and  placed  on  the  quadrant  above  o. 
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QUA  [    «f!)    ]  QUA 

The  »gbt-vane>  are  two  pins,  n  and  I,  standing  peN    *ered  part  of  o,  and  meet  the  lUr;  then  will  the  index 
pcndicnlarly  to  the  plnne  of  the  instrument:  that  at  h     ihow  the  di-f;rees  of  the  star's  altitude. 

having  a  hole  in  it,  oppusile  to  the  transparent  «Iit  in  the         To  Rcd^  the  IntihaitetU  for  the  Back-obteroalicm. 

horizon-glau  a;  the  other,  at  i,  has  two  holM  in  it,  the     Slacken  the  screw  in  the  middle  uf  the  handle,  behind 
c  oppoute  to  the  middle  of  the  transparent  part  of  'he     the  glass  &;  turn  (he  button  h  on  one  sideband  bring  the 


horiEon-glass  F,  and  the  other  rather,  lower  than  the 
quick'silvered  part :  this  vane  has  a  piece  of  brass  on  the 
back  of  it,  which  moves  round  a  centre,  and  serves  to 
oover  (.'ithiT  of  the  holes. 

Of  the  Obiervalion*. — There  are  two  kinds  of  observa- 
tions to  be  made  with  this  instrument :  the. one  is  when 
the  back  of  the  observer  is  turned  towards  the  object,  and  .  ^"  P"\  °'  '"" 


therefore  called  the  back  observation  ;  the  other  when  his 
face  is  turned  towards  the  object,  which  is  called  the  fore- 
observation. 

To  Rectify  '**  In»tnunmt  fitr  the  Fore-ohienation.'^ 
Slacken  th£  screw  in  the  middle  of  the  handle  behind  [he 
glass  F  ;  and  bring  the  index  close  to  the  button  h ;  hold 
the  instrument  in  a  vertical  position,  with  the  arch  down- 
wards i  look  through  the  right-hiind  hole  in  the  vane  i, 
and  through  the  transparent  part  of  the  glass  f,  for  the 
horison;  and  if  it  lie  in  the  same  right  line  with  the 
image  of  the  horizon  seen  on  the  silvered  pHrt,  the 
glass  p  is  rightly  adjusted  ;  but  if  the  two  horizontal 
lilies  disagree,  turn  the  screw  which  is  at  the  end  of  the 
handle  backward  or  forward,  till  those  lines  coincide; 
then  fasten  the  middle  screw  of  the  handle,  and  the  glass 
is  rightly  adjusted. 

To  take  the  Sun't  Altitude  by  the  Fore-obtervalion.' — 
Having  fixed  the  screens  above  the  horiaon-glass  r,  and 
suited  them  proportionally  to  the  strength  of  the  sun's: 
'  rays,  turn  your  face  towards  the  sun,  holding  [he  instru- 
.  meet  with  your  right  hand,  by  the  braces  i  and  u,  in  a 
vertical  position,  with  the  arch  downward  ;  place  your 
eye  close  to  the  right-hand  hole  in  the 
the  hi  ■ 
glass 

left  band,  till  the  reflex  solar  spot  coincides  with  tbi 
line-of  the  horiion';  then  the  degrees  counted  from  c,  or 
that  end  next  your  body,  will  give  the  sun's  altitude  at 
that  time,  observing  to  add  or  subtract  l6  minutes  ac- 
cording as  the  upper  or  lower  edge  of  the  sun's  reilcx 
image  is  made  use  of. 

But  to  get  the  sun's  merfdian  altitude,  being  what  is 
wan^  fur  fiitding  the  latitude;  the  observations  must 
be  continued;  and  as  the  sun  approaches  ttie  meridian, 
the  index  d  must  be  continually  moved  towards  b,  to 
maintain  the  coincidence  between  the  reflex  solar  spot 
and  the  horizon ;  and  consequently  as  long  as  this  mo- 
tion can  maintain  the  same  coincidence,  the  observation 
tnvsi  be.  continued,  till  the  sun  has  reached  the  meri- 
dian, and  begins  to  descend,  when  the  coincidence  will 
require  a  retrograde  motion  of  the  index,  or  towards  c  ; 
then  the  observation  is  finished,  and  the  decrees  counted 
as  before  will  give  the  sun's  meridian  altitude,  or  those 
from  B  will  give  the  aenith  distance;  observing  to  add 
the  semi' diameter,  or  iff,  when  his  lower  edge  is  brought 
to  the  horixon  ;  or  to  subtract  l6',  when  the  horizon  and 
upper  edge  coincide. 

To  take  the  Altitude  cf  a  Star  h/  the  Forc-chienmion. — , 
Throiigh  the  vane  H,  and  the  transparent  slit  in  the  glass 
o,  look  directly  to  th»  star ;  and  at  the  tame  time  move 
the  index,  till  the  image  of  the  horizon  behind  you,  be- 
jng  reflected  by  the  great  speculum,  b;  kcii  in  the  »il* 


ly  degrees  before  O  as  is  equal  to  double 
the  dip  of  the  horizon  at  your  hi-ight  above  the  water; 
hold  the  instrument  vertical,  with  the  arch  downward  ; 
look  through  l|ie  hole  of  the  vane  u  ;  and  if  the  hori- 
zon, seen  through  the  transparent  slit  in  the  glass  G, 
coincide  with  the  image  of  the  horizon  seen  in  the  lilver- 
.,  then  the  glass  u  is  in  its  pro- 
set  it  by  the  handle,  and  fasten 


position  ;  but  if  n< 
the  screw  as  before. 

To  take  the  Sun'i  Altitude  by  ihe  Back-tAsmatioH.— 
Put  the  stem  of  the  screens,  k,  k,  into  the  holer,  aad 
in  proportion  to  the  strength  or  faintness  of  tbe  suo'a 
rays,  let  cither  one  or  both  or  neither  of  tbe  frarovs  of 
those  glasses  be  turned  close  to  the  face  of  the  limb; 
hold  the  instrument  in  a  vertical  position,  with  the  arch, 
downward,  by  the  braces  l  and  h,  with  the  left  hand; 
then  turn  your  back  to  the  sun,  and  put  one  eye  close  to 
the  hole  in  the  vane  H,  observing  the  horizon  through  the 
transparent  slit  in  the  horiKon  glass  e";  with  the  right 
hand  move  the  index  d,  till  the  reflected  imue  of  tbe 
sun  be  seen  in  the  >ilvered  part  of  the  glass  6,  and  in  a 
right  line  with  the  horizon  ;  swing  your  body  to  and  fro, 
and  if  the  observation  be  well  made,  the  aun's  image  will 
be  observed  to  brush  the  horizon,  and  the  degrees- reckon- 
ed from  c,  or  that  part  of  the  arch  furthest  from  your 
body,  will  give  the  lun's  altitude  at  the  time  of  observa- 
tion; observing  to  add  iff,  for  the  sun's  semidiameter,  if 
the  sun's  upper  edge  be  used,  or  subtract  the  same  for 
the  lower  edge. 

The  directions  just  given,  for  taking  altitudes  at  sea, 
would  be  sufficient,  but  for  (wo  corrections  that  are  ne- 
through  the  transparent  part  of  the  horizon-  cessary  to  be  made  before  the  altitude  can  be  accurately 
the  same  time  moving  tb(.  index  a  with  the  determined,  viz,  one  on  account  of  (he  observer's  eye  being 
raised  above  the  level  of  the  sea,  and  the  o(ber  on  account 
of  the  refraction  of  the  atmosphere,  especially  in  small 
altitudes.  The  following  Mbles  show  the  corrections  to 
be  made  on,  both  these  ai 
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GauTol  tUlafijr  ihae  Correciiau. 
1 .  In  the  fore-observBtiatiB,  add  the  lum  of  both  cor- 


0  U  A 


fpctions  to  the  observed  lenith  distance,  for  the  true  z 

tiilh  distance  :  or  subtract  the  ii 

altitude,  for  the  true  c 

add  the  dip  and  subtract  the  refraction  for  altitudes; : 

for  zenith  distances)  do  the  contrary,  viz,  subtract  the  dip, 

and  add  the  refraction. 

EiampU.  By  a  back -observation,  the  altitude  of  the 
lun's  lower  edge  was  found  by  Hadley't  quadrant  to  be 
S5°  12' ;  the  cyp  being  30  feet  above  the  horizon.  By 
the  table*  the  dip  on  30  feet  is  5'  14",  and  the  refraction 
on  Si"  12*  is  2'  l".    Hpncu 

Appar.  alt.  lower  limb     25°     12"  0" 

Sun's semidiametiT, lub.     0       1 6    0 

Appar.  alt.  of  cc'ntre 

Dip.  of  horizon,  add 


(irclecofthe  globe,  and  graduated.     At  the  end,  w^iera 

the  division  termiuates,  i*  a  nut  riveted  on,  and  furnished 

with  a  screw,  by  means  of  which  the  instrument  is  fitted  ' 

c(^  lor  [ne  true  ze-     ^^  ^^^  meridian,  and  moveable  lOund  upon  the  rivet  to 

i»  ,\!l  L?,IlI2.iLv..«^*       *"  P**'"*»  "^  '''^  horiaon,  as  represented  in  the  figure  re- 

.  In  the  back-ob«rvation.     f^^^  ^^      It.  use  is  to  serve  a.  a  scale  in  ineasuring  al. 

titudes,  amplitudes,  azimuths,  &c. 

QUADRANTAL  Tiianglt,  is  a  spherical  triangle, 
which  has  one  side  equal  to  a  quadrant  or  quarter  port  of 
a  circle. 

QUADEAT,  called  also  Geometrical  Sqitart,  and  Imu 
qf  Shadowt :  it  is  often  an  additional  member  on  the  face 
of  Gunter's  and  Sutton's  quadrants;  and  is  chiefly  useful 
in  taking  heights  or  depths.  See  my  Mensuration,  the 
chap,  on  altimetry  and  longimetry,  or  beights-and-dn- 
tancet. 

QUADRATIC  Equationi,  iA  Alj^ebra,  are  those  io 
whiph  the  unknown  quantity  is  of  two  dimensions,  or  raised 
to  the  2d  power.  Quadratic  equations  are  either  sii^ple, 
or  affected,  that  is  compound. 

A  Sin^  Quadratic  equaticn,  n  that  which  containc 
the  2d  power  only  of  the  unknown  quantity,  without  any 
other  power  of  it ;  as  z*  =  25,  or^  v  tU>.      And  in  this 
i  of  the   unknown   quantity  is  found  by 
_,  J,     .       ,uare  root  on  both  sides  of  the 

Nautical  Alraaoac,  also  Robertson's  Nan^tiou,   vol.2,     equation:  thus,  in  the  equations  above,  it  will  berqs 
pa.  340  &c,  edit.  1780,  ±  5,  and  ^  =  ±  y'aft ;  where  the  sine  of  the  root  of 

10.  Horodictical  Quadrant,  a  pretty  commodious  the  known  quantity  is  to  be  taken  either  plus  or  niiiiu, 
initrunjent,  which  is  so  called  from  ila  use  in  telling  the  for  either  of  these  may  be  considere<t  as  the  sign  of  th« 
hour  of  the  day.  Its  construction  is  as  follows.  From  value  of  the  root  x,  since  either  of  them,  when  squared, 
the  centre  of  the  quadrant  c,  (fig.  j,  pi.  29),  whose  limb  make  the  same  square,  {*iy  =  25,  and  (-5)' as  25 
AB  is  divided  into  go",  describe  seven  concentric  circles  also ;  and  hence  the  root  of  flvery  quadratic  or  square, 
at  any  intervals;  and  to  these  add  the  signs  of  the  zodiac,     faastwo  valuei. 

in  the  order  represented  in  the  figure.  Then,  applying  a  Compomd  or  affixted  Qdadratici,  are  thoee  whicb 
ruler  to  the  centre  c  and  the  limb  ab,  mark  upon  the  contain  both  the  lit  and  3d  powers  of  the  unknown 
■everal  parallels  the  degrees  corresponding  to  the  altitude  quantity  j  ai  a*  ■»-  o*  ^  6,  or  jr**  —  iw"  =  ±  6,  whers 
of  thevun,  when  in  them,  for  the  given  hours;  connect  n  may  beof  any  value,  and  then  z"  is  to.  be  considered  as 
e  points  belonging  to  the  same  hour  with  a  curve  line^     the  root  or  unknown  quantity, — Affected  quadratics  are 


24 
0 

56  0 
5  14 

25 
0 

1  14 

2  I 

Refraction,  tubtract 

Truealtofcentiu  24   "  59  13 

tn  the  case  of  the  moon,  beside*  the  true  corrections 
above,  aaother  is  to  be  made  for  her  parallaxes.     But     case,   the  valui 
for  all  these, particulars,  see  the  Requisite  Tables  for  the     barely  extracting  the  square  root't 


to  which  add  the  number  of  the  hour.  To  the  radi 
fit  a  couple  of  sights,  and  to  the  centre  of  the  quadrant 
lie  a  diread  with  a  plummet^  and  on  the  thread  a  bead  I 
slide. 

a  use  in  Naviga- 


usually  distinguished  into  three  forms,  according  to  th« 
ligiu  of  the  terms  of  the  equation  s 

Thus,  1st  form,  ^  ■*■  ax  as  t, 
2d  form,  i'  —  a*  ^  J, 

Sinieal  Quadkint,  is  one  of  some  use  in  Naviga-  3d  form,  x*  ~-  ox  b  —  h, 

tion.     It  consists  of  several  concentric  quadrantal  arches.  But  the  method  of  extracting  the  root,  or  finding  the  valna 

divided  into  8  equal  paruhy  means  of  radii,  wi;th  parallel  of  the  unknown  quantity  x,  is  the  same  in  all  of  them. 

right  lines  crossing  each  otherat  right  angles.     Now  any  And  thaf  method  is  Usually  performed  by  what  is  called 

one  of  the  arches  may  represent  a  quadrant  of  any  great  completing  the  square,  which  is  done  by  taking  half  the 

drcle  of  thfc  sphere,  but  is  chiefly  used  for  the  horizon  or  coefficient  uf  the  3d  term  or  single  power  of  the  unknown 

meridian.   Thechiefuseof  the  ainical  quadrant,  is  to  form  quantity,  then  squaring  it,  and  adding  that  square  to  both 

uponit  triangles  similar  to  those  made  by  aship's  way  with  sides -of  the  equation,  which  makes  the  unknot^  side  a 

(he  meridians  and  parallels;  the  side*  of  which  triangles  are  (Complete  square.     'Thus,  in  the  equation  x*  ■h-  ax  »b, 

measured  by  the  equal  intervals  between  the  concentric  the  coefficient  of  the  2d  term  being  a,  its  half  is  ja,  the 

quadrants  and  the  lines  N  and  s,  B  and  w  :  every  5th  line  square  of  which  is  |a\  and  this  ^ded  to  both  side*  of^ 

and  arch  being  fnade  deeptr  than  the  rest.     Now  suppose  equation,    it  becomes  x'   -^^  as  •*•  ^  ■*■  c  « o'fr,    tha 

a  ship  has  sailed  150  leagues   north  .east- by-north,  or  former  side  of  which  is  now  a  complete  square,  and  the 

making  an  angle  of  33°  45*  with   the  north  part, of  the  scond  a  known  quantity. 

meridian :  here  are  given  the  course  and  distance  sailed,  The  square  being  thus  completed,  its  root  is  next  to  be 

by  which  a  triangle  may  be  formed  on  the  instrument  extracted;  in  order  to  which,  it  is  to  be  observed  that  the 

similar  to  that  made  by  the  ship's  course;  and  hence  the  root  on  the  unknown  side  consists  of  two  terms,  the  one  of 

unknown  parts  of  the  triangle  may  be'  found.  which  is  always  x  the'square  root  of  the  first  term  of  the 

SiUtoa'i  Quadrant.  .See  CdU^jQuadrakt.  equation,  and  tbe  other  part  is  ^  or  half  the  coefficient 

IS,  QDADHA^ivo/./|/(tiMiie,  (fig,  9,  pi.  20)  is  an  ap-  of  tbe  second  term  :  thus  then  tha  root  of  x'  -t-  ox  h-  ^* 

pendix  to  the  artificial  globe,  consisting  of  a  thin  slip  of  the  fint  side  of  tbe  completed  equation  being  x  ^  ^, 

brus,  tha  length  of  a  quarter  part  of  one  of  the  great  andtberootofthcotherside^*  •*•  b  bangi-^{itf  -*■  b). 
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\t  foltows  that  X  - 
tiansposing  ia, 


'  ±V^Ci^*  -*-  0>  flixl  hence,  bjr         The  most  dislinguished  of  these  quadratice*  are,  thoM 
's  d:  V'(4<i*  -*-  ^)<  <he  two     o(  Dinostratei  and  of  Tichirnhausen  for  the  circle,  ~~'' 


values  ot  X,  or  the  roots  of  (he  given  equation 

:=  bi     And  thus  is  foilliii  the  root,   or  value  of  x,  in  ttie 

three  forms  of  equations  above  mentioned  ;  viz, 

1st  form  I  =  —  io  ±  v^Cja"  +  b),       ' 
2d  form  X  =  ■*■  ^  :t  V'('J«'  -•-  *). 
-  3d  form  r  =  -*-  id  ±  ^(.^a*  ~  b). 
Where  it  is  observable  that,  because  of  the  double  sign 
±,  every  form  has  two  roots:  in  the  1st  and  3d  forms 
those  roots  are,  the  one  positive  and  the  other  negative, 
the  positive  root  being  the  less  of  the  two  in  the  1st  form, 
but  the  greater  in  the  2d  form ;  and  in  the  3d  form  the 
roots  are  both  positive.     Again,  the  two  roots  of  the  1st 
and  3d  forms,  are  always  both  of  them  real;  but  in  the 
3d  form,  the  two  roots  are  either  both  real 
ginary,  viz,  both  real  when  ^' is  great< 


.imaginary  when  ]a*  is  less  than  b,  because  in  this  case  ^a 
,  —  twill  be  B  negative  quantity,  the  root  of  which  is  im- 
possible, or  an  imaginary  quantity. 

Erompfirofthe  1st  form,  let  i^  +  6x  =  7.  Here  then 
a  =  6,  and  6  =  7  i  then  r  =  -  js  ±  ^(Jo'  +  6)  = 
-  3  ±  ^16  =  -  3  ±  4  =  +  1  or  -  7.' 
^  Eiawiple  of  the  2d  form,  let  x*  —  6x  wm  7.  Here  also 
■  =  6,  and  6  =  7  ;  then  j  =  +  •«  ±  ^/Ci**  +  fr)  = 
-^  3  ±  V'lS  =  -t-  S  ±  4  =n  +  7  or  -  1 ;  the  same  two 
roots  as  before,  witti  the  signs  changed. 

Example  of  the  3d  form,  let  x*  —  6r  as  —  J.  Here 
a^in  a  =a  €,  and  b  =  7 ;  then  x  =  -•-  (a  ±  v^({<s*  — 
J)  =  -1-,  3  ±  v'S.  the  two  roots  both  real. 

But  if  i'  -  ft^  =  -  11 ;  then  o  =  6,  and  6=  11, 
which  gives  r  or  +  |o±  v'(}o'  -  6)  =  -*■  3  ±  •/-% 
the  two  roots  both  imaginary. 

All  equations  whatever  that  have  only  two  difl^rent 


+  ax    that  of  Mr,  Perks  for  the  hyperbola. 
QuADRATHix  qfDinoitnUa,  ii  a 
curve  AHD,  by  which   the  quadra- 
ture of  the  circle  is  effected,  though 
not  geometrically,  but  only  mecha- 
nically.    It  is  so  called  from  its  in- 
ventor Dinosirates ;  and  the  genesis 
or  description  of  which  is  as  follows: 
Divide  the  quadrantalarc  akb  into 
any  numbei'of  equal  parts,  in  the 
points  N,  n,  n,  l^e  ;  and  also  the  radius  AC  into  the  same 
number  of  parts  at  the  points  p,  p,  p,  &c.     To  the  points 
K,  n,  n,  &c,  draw  the  radii  cv,  en,  &c  ;  and  from  the 
both  ima-     points  Y,p,  &c,  the  parallels  to  cb,  as  pm,  pjh,  &:c  :  then 
both     through   all  the  points  of  intersection  draw  the  ctiivc 


,  and  it  will  be  the  quadratrix  of  Dinostrates. 
Or  the  same  curve  may  be  conceived  to  be  described  by 
a  continued  motion,  by  conceiving  a  radius  CN  to  rcvolv6 
with  a  uniform  motion  about  the  centre  c,  from  the  posi- 
tion AC  to  the  position  DC  ;  at  the  same  time  a  ruler  PW 
moves  uniformly  parallel  towards  cb  ;  then  the  two  uni- 
form motions  being  so  regulated  that  the  radius  and  the 
ruler  shall  arrive  at  the  pusitionBC  at  the  same  time;  for 
thus  the  continual  intcrbyction  H,  m,  &c.  of  the  revolving 
radius,  and  moving  ruler,  wilt  describe  the  quadratrix  of 
Dinosirates.     Hence, 

1.  For  ihe  E(piatiim  qfihe  Suadratrix  :  Since,  from  the 
relation  of  the  uniform  motions,  it  is  always,  ab  :  an  :  : 
AC  :  AP ;  therefore  if  as  =  a,  ac  =  r,  ap  =  x,  and 
AN  =z,  it  will  be  a  :  z:  ;  r  :  x,  or  Ax  =  n,  which  is  the' 
equation  of  the  curve, 

"     if  *  denote  the  sine  kb  of  the  arc  an,  and  y  =    " " " 


powers  of  the  unknown  quantity,  of  which  the  index  of  the     the  ordinate  of  the  curve  ah,  its  absciss  ap  being  x;  then, 


iHM  is  jnst  double  that  of  the  other,  are  resolved  like  qua- 
dratics, by  completing  the  square.     Thus,  the  equation 

«*  -4-  or'  =  h,  by  completing  the  square  becomes  x*  + 

ax'  ■+■  ia^  =  (a*  +  A ;  whence,  extracting  the  root  on 
-  both  sides,  x*  +  }a  =  ±V'(J'»*  +  *) ;  therefore  x»  = 

—  fo  ±  v'(f"'  ■•■  *).  and  consequently  r  =  ±  i/{~ 

i"  ±  Vii^  ■*■}),  where  the  root  x  has  foor  values,  be- 
cause *e  given  equation  i*  -^  ox'  =  6  rises  to  the  4th 

power.     See  Equation. 

QUADRATRIX,  or  Quadkatix,  in  Geometry,  is  a 

mechanical  line,  by  means  of  which,  right  lines  are  found 

equal  to  the  circumference  of  circles,  or  other  curves,  and 

of  the  parts  of  the  same.      Or,  more  accurately,  the 

quadratrix  of  a  curve,  is  a  transcendental  curve    de- 
scribed on  the  same  axis, 

theordinates  of  which  being 

given,  the  quadrature  of  [be 

correspondent  parts  in  the 

other  curve,  is  also  given. 

Sec  Curve.   Thus,  for  ex. 
-the    curve    and  may   be 

called  the  qiradratrixof  the 

parabolaAiic,wbentheares      ^  u  v       jdhe. 

APUA  bears  some  such  relation  as  the  followingto  the  ab*     pp.  l6. 

iciss  AP  or  ordinate  FN,  viz,  Quadbatbix  iff  TtcMmhaustn,    is   a  transcendental 

when  APH  =  PN*,  curve  ahrib  by  which  the  quadrature  of  the  circle  is 

or  APH  =  AP  X  PM,  also  effected.     This  was  invented  by  M.  Tsehimhausen, 

or  API!  =  a     X  TV,  and  its  genesis,  in  imitation  of  that  of  Dinosirates,  is  si 

where  a  u  somcgiven  cons  tact  quantity.  foUowi :  Divide  the  quadrant  anb,  and  the  ladios  ac, 


by  similartriangles,  ce  :  cp  :  :  en  ;  pm,  that  is,  (Hy'  *"' 
1^  :  r  —  X  I  :  t  ly,  and  hence y^/(i^  —  »*)  =  (r  —  x)», 
the  equation  of  the  cijrve.  And  when  the  relation  b^ 
twcen  A  sand  an  is  given,  in  terms  of  that  between  AC  and' 
AP,  hence  will  be  expressed  the  relation  between  the  sine 
EH  and  the  radius CB,  or  t  will  be  expressed  in  tel-ms  of 
r  and  x  ;  and  consequently,  the  equation  of  the  curve  will 
be  expressed  in  terms  of  r,  x,  andy  only. 

2.  The  base  of  theqfladratrix  en  is  a  third  pAportional 
to  the  quadrant  ab  and. the  radius  ac  or  cb;  i.  e.  cd:  CB 
:  :  CB  :  ab.  Hence  the  rectification  and  quadrature  of 
the  circle.  . 

3.  A  quadrantal  arc  nr  described  with  the  centre  C 
and  radius  en,  will  be  equal  in  length  to  the  radius  ca  or 


,  4.  cnP  being  a  quadrant  inscribed  in 
'  the  quadratrix  ahd,  if  the  base  en  be 
=  ],  and  the  circular  arc  do  =  x; 
then  is  the  area  cpmd  =x  — -x*  — 


:'  &c.      See  QuADitA- 
Also  Emenon's  Curve  Lines, 
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eoch  Tnto  6qnal  parts,  ta  before ; 
and  from  the  points  7,  p,  Sec,  draw 
the  lines  fk,  pm,  ixc,  parallel  to 
CB  ;  also  from  the  points  «,  n,  &:c, 
tho  lines.NM,  nm,  &c,  parallel  to 
the  other  radius  AC ;  so  shall 
all  the  intersections  h,  m,  &c, 
be  in  the  carve  of  the  qiiadratrix 

Now  for  the  Equation  qf  this  Quadrairix 
AB  :  AM  :  :  AC  :  ap,  or  a  ;  t  :  :  r:  r,  or  nr  =  rs. 

Or,  because  here  y  =  pm  =  em  =  »;  therefore  »,  ai 
before,  expressed  in  terms  of  r  and  x,  gives  the  equation  o\ 

this  quadratrix  inlerras  ufr.j:,  andy,  and  thatinasimplei         .  ^  ^  ^.._  ___ 

form  than  the  other.     Thus,  frOni  the  nature  of  the  circle     hyperbola  ;  but  it  is  not  likely  that  he  met  with  any  sue- 


scribing  a  polygon  between  any  two  concentric  circles, 
however  near  their  circumferences  might  be  to  each  other. 
At  that  time  the  conic  sections  were  admitted  into  geome- 
try, xnd  Archimedes,  perfectly,  for  the  first  time,  squared 
the  parabala,.  and  he  determined  the  relations  of  spheres, 
spheroids,  and  conoid;,  to  cylinders  and  cones ;  and  by 
pursuing  the  method  of  exhaustions,  or  by  means  of  in- 
scribed and  circumscribed  polygons,  he  approximated  to 
the  periphery  and  area  of  the  circle;  shewing  that  the 
diameter  is  to  the  circumference  nearly  as  7  to  22,  and 
the  area  of  the  circle  to  the  square  of  the  diameter  a>  1 1 
to  14  nearly.  Archimedes  also  determined  the  relation 
between  the  circle  and  ellipse,  as  wcl  I  as  (hat  of  their  simi- 
lar parts :  and  it  is  probable  also  that  he  attempted  the 


and  the  construction  of  the  quadratrix,  it  is 


e.zr" 


c&c. 


cess,  since  approximations  to  i 
given  hy  the  various  methods  that 


where,  a,  b,  c,  &c,  are  the  preceding  terms ;  which  is  the     curve 
equation  of  the  quadratrix  of  Tschirnhausen. 

By  either  quadratrix,  it  is  evident  that  an  arc  or  angle 
is  easily  divided  into  three,  or  any  other  number  of  equal 
parts;  vix,  by  dividing  the  corresponding  radi 
of  it,  into  the  same  number  of  equal  parU  :  fc 
ways  the  same  part  of  ab,  that  ap  is  of  AC. 

QUADRATURE,  in  Astronomy,  that  aspect  or  posi- 
tion of  the  moon  when  she  is  ^0^  distant  from  the  sun. 
Or,  the  quadratures  or  quarters  are  the  two  middle  points 
of  the  moon's  orbit  between  the  points  of  conjunction  and 
opposition,  via,  the  points  of  the  1st  and  3d  quarters;  at 
vhich  times  the  moon's  face  shon-s  half  full,  being  dicho- 
tomised or  bisected. 

The  moon's  orbit  is  more  convex  in  the  quadratures  than 
in  the  syiygies,  and  the  greater  axis  of  her  orbit 


II  that  con  be 

have  since  been  invent- 

t  a  treatise  on  a  spiral 

'hich  he  determined  the  relation  of  its  area  to 

that  of  the  circumscribed  circle;  as  also  the  relation  of 

their  sectors. 

Several  other  eminent  men  among  the  ancients  wrote 
part  upon  this  subject,  both  before  and  after  Euclid  and  Archi- 
i  al-  medes  ;  but  their  attempts  were  usually  confined  to  par< 
ticular  parts  of  it,  and  made  according  to  methods  nut  es- 
sentially diSerent  from  theirs.  Among  these  are  to  be 
reckoned  Thales,  Anaxagoras,  Pythagoras,  Bryson,  Anti* 
phon,  Hippocrates  of  Chios,  Plato,  Apollonius,  Philo,  and 
Ptolemy;  most  of  whom  wrote  upon  the  quadrature  of 
the  circle ;  and  those  a/ter  Archimedes,  by  hii  method, 
usually  extended  the  approximation  to  a  further  degree  of 
accuracy. 

Many  of  the  moderns  hav«  aUo  prosecuted  the  same 
problem  of  the  quadrature  of  the  circle,  after  the ; 


through  the  quadratures,  at  which  points  also  she  is  ■n'Mt  methods,  to  still  greater  kngtbs ;  such  are  Vieta,  and 

distant  from  the  earth. — In  the -quadratures,  and  within  Melius;  whose  ratio  between  the  diameter  and  thecircum- 

Si^of  them,  Ihoapses  of  the  moon  go  backwards,  or  move  ferencc,  is  that  of  113  to  355,  which  is -within  about 
in  antecedeittia ;  butin  the  syiyeies  the  contrary. — When  a  ,.,  .■..■.  i.    tjii.- 

,lh.  Dota  .re  in  Ih.  ,u»ir.iur«,  .he  inclinUieo  of  the,  ISSSaT  »'  ""  ""«  "^»  ■  <""  '^"  '"■  '■"''"'P'"  ""' 

moon's  orbit  is  greatest,  but  least  when  they  areinthesy-  Ceulen,  or  Cologne,  who,  with  an  amazing  degree  of  in- 

cygies.  dustry  and  patience,  by  the  same  methods,  extended  the 

QcADaATUKB  lana,  or  Liaei  q/*  Quadrature,  are  ratio  to  36  places  of  figures,  makingthc  ratio  to  be  that  of 

two  lines  often   placed  on  Guntcr's  sector".     They  are  1  to3- 14159,26535,89793,238*6,26433,832/0,50268 

marked  wiih  the  letter  q,  and  the  figures  5,  6,  7,  8,  9, 10  ;  -f-  or  9  ->  . 

of  which  Q  dcnotesthesideofasq'uare,  and  the  figures  de-  Of  this  labour,  which  was  rather  the  exercise  of  pa- 
note  the  sides  of  polygons  of  5, 6,  7,  fi^c  sides.  Also  s  de-  tience  than  his  ingenuity,  he-  was  so  proud,  that,  after  the 
notes  the  semidiametcr  of  a  circle,  and  90  &  line  equal  to  example  of  the  profound  geometrician  of  Syracuse,  with 
thcquadrant  or  90°  in  circumference,  respect  to  the  sphere  and  cylinder,  he  requested  it  might 

QuADRATUae,  in  Geometry,  is  the  squaring  of  a  fi-  be  inscribed  on  his  tombstone,  and  it  is  said  that  this 
gure,  or  reducing  it  to  an  equal  square,  or  finding  a  square 
equal  to  the  area  of  it. — The  quadrature  of  rectilineal 
figures  falls  under  common  geometry,  or  mensuration ;  as 
amounting  \o  no  more  than  the  finding  their  ureas,  or  su- 
perficies ;  which  are  in  effect  thi ' 
fully  effected  by  Euclid.        » 

The  QuADBATURR  ci/'Oinm,  tbA  is,  the  measuring  of  simple  calculation,  the  magnitude  of  any  arc;  and  he 

their  areas,  or  the  finding  a  rectilineal  space  equal  to  a  made  use  of  this  method  in  examining  the  calculation  of 

proposed  curvilineal  one,  is  a  matter  of  much  deeper  spe-  Van  Ceulen,  which  he  found  to  be    correct.'   By  Ibis 

,  culation  ;  and  makes  a  part  of  the  sublime  or  higher  geo-  method  he  also  calculated  a  series  of  both  inscribed  and 

metry.     The  times  of  Bypocrates  are  the  first  curvesthat  circumscribed  polygons,  beginning  witii  the  decagoD,  and 

weresqtiared,asfarasweknow.  The  circle  was  attempted  always  doubling  the  number  of  sides,  until   the  number 

by  Euclid  and  others  before  him  :  he  showed  indeed  the  was  5242680 ;   and  ranged  the  results  of  his  computa* 

proportion  uf  one  circle  to  another,  and  gave  a  good  me-  tions  in  a  table,  for  the  purpose  of  detecting  the  falsity 

thod  of  apprfU(ima.tiDg  to  the  area  of  <hc  circle,  by  de-  of  any  pretended  quadrature  of  the  circle     The  cele< 


of  his  patient  industry  is  still  to  be  seen  in  one 
of  the  towns  of  Flanders.  Willebrode  Sneil,  the  editor 
of  Van  Ceulen,  also  made  several  additions  to  what  bad 
been  previously  done  on  thissubject.  He  discoveied  aitd 
squares:  which  was  published  in  bis  work,  entitled  Cyclomctrise,  the  method 
of  expressing,  by  an  approximate  proportion,  and  a  very 
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,  \Vha  in  his  mathematical  lecture,  obwrvn,  liiat  thn 
radiiu  &nd  circumference  of  a  circle  are  lines  of  aueh  a 
nature  as  to  be  not  only  incommensurtbld'  in  length  and 
squarv,  but  also  in  cube,  biquadrate,  and  all  hrgber  puwen 
to  infinity.  Bui,  notwithstanding  the  atlempts  of  Ur. 
Barrow,  and  many  other  celebrated  mathematicians,  to 
prove  the  absolute  impossihility  of  reiotving  this  interest- 


brated  Huygens,  when  very  young,  enricbed  tHis  measure  ecu.    Of  this  latter  opinion  was  the  celebrated  Dr.  BaT' 

of  the  circle  with  several  new  theorems;  and  successfully  —"   ■'■'•"--••= ••■ •■— '  ' -■- -        ' 

combated  the  pretended  quadrature  of  Gregory  St.  Vin- 
cent, a  Jesuit  of  tbe  Netherlands,  who  aonounced  his  dis- 
covery as  only  wanting  a  few  calculatioui  to  render  it 
coro(tlete,  but  which  he  dexterously  for{;ot  to  perform. 
James  Gregory  and  Leibnitz,  about  the  same  time,  dis- 
covered, indepi'ndtnt  of  each  other,  a  very  simple  aeries  .  ,  .  , 

ioT  expressing  the  length  of  an  arc  of  a  circle,  and  wbich  ing  problem,  they  havfe  been  as  unsuccessful  on  this  head 

was  first  given  in  a  letter  of  the  I3th  of  February  I671,  a»  ihose  who  have  endeavoured  to  find  its  tnie  quadrature, 

from  Gregory  to  ^^^.  Collins.     If  o  be  an  arc,  *  iU  tan-  Legeudre,  however,  in  the   fourth  note  prefixed  to  his 

gent,  and  r  the  radius,  then  Geometry,  has  proved  that  the  ratio  of  the  circumfer«nca 

_  ^        j^         (•  j^         .    ,       J,  to  the  diameter,  and  its  square,  are  irrational  numbers. 

a  =  f  "   "  ~  sr"    "**  sr*  *"  "t?  "*"  91*  ~       '''         "  Besides  the  efforts  above  enumerated,  which  were  made 

the  arc  must  not  be  assumed  greater  than  balf  a  quadrant,  pnicipally  by  men  of  great  talents,  many  other  win  at- 

otherwise  the  series  will  not  converge.  Dr.  Halleyalso  dis-  ""P'*  "  squaring  the  circle  have  been  made  by  men  of 

coveredasimples«ie.forexpre»singthearcofSO°i  which  less  wquirements  than  vanity,  who  h«e  endeavoured  to 

^  111  1  persuade  us  that  they  hod  discovered  the  true  quadrature  - 

if,  11=  ^f  X   (1  —  jt;  -•-  jr^  ~  j^  ■*■  jyji—^O;  of  the  circle,  which  so  many  able  mathematicians  had 

,    ,.  ,  ■  ,1  J  L  '  I.-  t-  J  so  Ions  sought  in  vain ;  and  whose  pretendons,  like  fall- 

aud  which  converses  very  quickly,  and  beine  multiplied  .*       °._  .   .      '■      r  j     > 

r    .-    .       .1.       I  1     ■         1-  w     CL  c  ingstars,  attracted  notice  for  a  moment,  and   then, 

by  ia,gives  the  whole  circumference.  Mr.  Sharp,  an  En-       .*         '  .   .  1      "   '  "'1 

gfish  matheraalician,  in  1699,  undertook  the  quadrature  _.jgl 


nik  into  eternal  oblivion.     The  first  among  th« 


,   ,      ■    1  r     .  ■  .     _      „     .       J  J  J       J  modems  who  pretended  to  have  solved  this  nrohlem,  was 

of  theorcteforhis  own  privateaniusement,and  deduced  r-^.j:.,-!  j.i^....      u.  —n.^  .   .,  1:  j  1 

■  .  £.       .       j-fl^      ..       ■_  L       L-  L  .L     .     .L    (■  ...  Cardinal  deCusa,     He  rolled  a  cyl  nder  over  a  plane. 

It  from  two  dilmrent  series,  by  which  the  truth  of  it  was  ,;,i  ,»    ;„»    i.:„u  c,  „„.:„„.„.      ;.i,   -.  .       l  i 

J  '•.    irn    1  ..        c  K  a,.,  \M     T  1     iLi     L-  *■"  ^ho  iMint  which  Brst  wag  in  contact  with  it  touched 


proved  to  72  places  of  figures.     But  Mr.  John  Machin,  ..        ■  j  -l       u        ._■      r  1.  n 

'    ,  e  '^,  ■     r-     L        i^  n         1-  1  't  asaiD  1  and  then,  by  a  train  of  reasaniiis,  wholly 

professor  of  astronomy  in  (iresham  Collese,  discovered  ,  7^    c        _  .  ■     1  ■  ■        l         j  j  . 

|i.u.wx  ,.  -  ■"         .     (  ■       .L     1        i  lute  of  eeometncfll  prec  sion,  he  endeavoured  to 

another  very  expeditious  senes  for  expressing  the  length  _-      ..  ^,      ..      ,    ^,-       ^.  '     .       ...       .      ", 

,    ,       -     '    r  r        -    I      J        J-  .i_     1-r  mine  the  length  of  a    ine  thus  described;    but  hi 

of  the  circumference  of  a  circle,  depcndmir  on  tbe  dif-  ■,         r  .  j   .      n    ■  ■  .->,      », 

,  t  .1     ,  .     r     I-  L  L  .  ■       1  easily  refuted  by  Rejiiomontanus  about  l4o5.     Near  a 

ferences  of  arcs,  the  tangents  of  which  have  certain  rela-  ,i„,  .,.        ri      .•       r-  .^    1   1       .-      l     i.- 

.  ,       .  ,"..  J  J  m     CL      .  century  after,  Oroniius  FinEeus  attracted  notice  bv  his 

uons  to  e»cb  other,  and  thus  extended  Mr.  Sharps  iium-         „ii     ■,_.  „     .u'       i-     .     l  ..l    ri.  r  1  ■' 

r  .„„    1  PC  A    J  HI  n    1  i>        I  paralogisms  on  this  sub  ect ;  but  tbe  fal  acy  of  his  rea- 

ber  to  100  places  of  figure*.  And  M.  De  Lagny,  a  French  f„.:„„  ^,„,  „.  „,„    ..L    J..  d„...  1^ '__j   i  ^ 


touched 
desti- 
deter- 

described  ;    but  he  wai 
about  1405.     Near  a 


D  pl.m  of  Bg.ra.  And  M.  D.  Lyy,.  ,„„™     -    .     -         ,     ,      ^^  - 

places  of  figui 


n  which  Montucla  has  observed,  that, 
luppoie  a  circle,  the  diumeter  of  which  is  a  thou- 
pand  millions  of  times  greater  than  the  distance  between 
the  sun  and  the  ettrtb,  the 

would  be  B  thousand  millions  of  times  less  than  ihe  thick- 
ness of  a  hair."  Nay,  it  is  even  possible  to  surpass  this, 
and  Eulcr  has  pointed  out  the  method  of  accomplishing 
it,  in  theTransactionsof  the  Imperial  Academy  of  Sciences 
Bt  Petersburg ;  but  nny  thing  farther  than  what  has  been 
done,  could  only  be  considered  as  superfluous  labour. 
I  have  also  given  several  series  for  the  same  purpose, 
which  converge  much  easier  and  quicker  than  any  others ; 
some  of  which  may  be  seen  in  my  Mensuration,  and  more 
especially  in  my  Tracts,  vol.  1,  pa.  368. 

While  these,  and  other  mathematiciani,  were  extend- 
ing the  approxiroativo  methods  for  finding  the  circum. 
ference  and  area  of  the  circle, 
n  asserting  thi 


The  celebrated  Joseph  Scaliger  also  ranks  under 
this  class;  who  haying  no  great  esteem  for  geometricians, 
he  endeavoured  to  show  them  his  superiority,  in  under- 
ince  Miween      ^^^-^^^   ^y  ^^^  of  amusement,  the  quadrature  of  the  cir- 
ircumierence     ^j^^  ^^^^  seriously  imagined  that  he  had  obtained  it ;  but 
Vieta,  Clavius,  and  others,  found  no  difficulty  in  refuting 
him.     Ix>ngomontanus,  the  celebrated   Danish  astrono- 
mer, was  also  of  the  number  who  asserted  he  had  obtain- 
ed  a  finite    ratio   between  the.  diameter  and  circum- 
ference,  which  was  exactly    1    to  3-14189.'    And   our 
countryman,  Mr.  Hobbes,  also  rendered  himself  remark- 
able as  a  memt>er  of  this  class,  but  his  pretensions  were 
refuted  by  Dr.  Wallis.     Oliver  de  Serres  weighed  a  cii^ 
cle,'  and  a    triangle  equal  to  the  equilateral  inscribed 
triangle,  and  believed  that  the  one  was  cxacify  double  of 
tbe  others;  but,  a  very  little  knowledge  of  tbe  subject 
would  have  tieen  sufficient  to  have  shown  hiin,  that  tbo 
>me  were  endeavouring  to     double  of  this  triangle  is  the  hexagon  inscribed  in  the 
they  had  obtained,  their     «nie  circle.     It  would  be  teilioui  and  Mninteresting  to 


true  measure* ;  at  the  tame  time  other*  were  denying  the  p,  through  the  history  of  all  these  pretended  quadM- 

possibility  of  exhibiting  the  true  ratio.     Mr.  James  Ore-  tures.'the  authvrs  of  which  would  at  this  day  have  been 

gory  undertook,  in  l668,  to  demonstrate  the  absolute  totally  unknown,  had   they  not  erected  a  monument  to 

impoasibility  of  the  quadrature  of  tbe  circle.     This  he  their  own  ignorance  and  vanity,  by  attempting  that  which 

did  by  a  very  ingenious   method   of  reasoning,  which  they  *erc  totally  unacquwnted  with.     We  shall,  however, 

might  deserve  to  be  better  examined.     However  it  did  for  the  amusement  of  the  reader,  ftirnish  him  with  a  few 

not  meet  with  the  approbation  of  Mr.  Huygens ;  which  more  anecdotes  on  this  head,  in  order  to  show  to  what  s 

produced  a  very  warm  dispute  between  these  two  geo-  degree  of  enthusiasm  some  have  suffered  themselves  to 

metricians.     Mr.  Gregory  gave  also  some  ingenious  me-  be  carried  in  their  erroneous  specolations.     One  Maihu- 

tbods  for  approwihing  near  to  tiie  measure  of  the  circle.  Ion,  who  from  being  a  manufacturer  of  stuffii  at  Lyans, 

and  evfen  to  that  of  the  hyperbola.     Dr.  Barrow  and  se-  commenced  geometer,  claimed  the  merit  of  having  solved 

veral  other  persons  have  also  a.ttempted  the  demonstra-  this  problem,  and  deposited  1000  crowns  as  a  reward  foi 

tionof  the  same  impossibility,  with  various  degree*  of  sue-  the  penon  who  should  prove  that  his. solution  was  not 

Vol.  li.  t^                                            S  N 


y  Google 


QUA 


C    S74    ] 


Q  U  i 


corTKt;  which  wu  Hone  by  M.Nicole,  b  BK-mbcr  of    finitely  near  to  the  former.     Putting 


drature  of  a 
Vj:.  Suppi 


bola 


the  French  Acitdpmy  of  Scieiires,  uhu  gave  the  reward 
to  the  Geneial  Hospital  at  Lyuns  ;  and  a  similar  circum- 
stwice  happcoed  snme  lirae  afrerwards:  a  Frenchioaii  an- 
,  nuunced  the  quadrature  of  thu  cirde,  and  challenged  the 
whole  world  to  refute  him;  and  deposited  10,000  livies 
fitr  any  person  who  should  do  it.  This  grand  problem  he 
reduced  to  the  mechanical  process  nf  dividing  a  circle  in- 
to quadrants,  and  then  turning  these  with  their  angles 
outwards,  so  as  to  form  a  square,  which  he  asserted  to 
he.  equal  to  the  circle.  Three  persons  claimed  ihe  rc' 
ward,  and  the  cause  was  cried  at  the  Chatelet  of  Paris ; 
but  (he  judges  thought  a  person's  fortune  oughlnot  to  be 
diminished  on  account  of  the  error  of  his  judgment,  un- 
less they  were  prejudicial  to  society  :  whereon  the  king 
decreed  that  the  propoaal  should  be  void  :  and  the  Aca- 
demy of  Scieacet  recommended  him  to  study  the  ele- 
menti  of  geometry  ;  but  still  he  fancied  that  future  ages 
would  blush  for  the  injustice  that  was  dotte  him.  M.  Le 
Rohberges  de  Vausenville,  in  a  work,  entitled,  "  Consul- 
tation swr  la  Quadrature  du  Cercle,"  inquires  of  a  ma- 
thematician if  the  quadrature  of  tha  circle  would  not 
be  obtained  if  any  means  were  devised  for  finding  the 
centre  of  gravity  of  a  sector  of  a  circle  iacomcnoa  parts 
dL  the  radius  and  the  ciicumferBiice  of  (he  same  circle ; 
the  meaning  of  this  last  clause  is  not  clear,  but  it  may 
be  observed  that  when  this  can  foe  done  without  the  arc 
being  otte  of  the  termsi  the  business  will  be  accom- 
plished. 

The  preceding  examples,  one  might  suppose,  would  be  fluent  of  (his  gites  xi/dx 
sufficient  for  deterring  men  from  farther  purstiing  this 
hopeless  speculation';  yet  such  is  the  weakness  and  vanity 
of  some  pretenders  to  science,  that  hopes  ar^  still  enter- 
tained by  them  of  obtaining  the  solution  wi(hin  very  nar- 
row limits.  We. have  an  instance  of  this  infatuation  in 
Signor  Rossi,  an  Italian  attorney,  who  visited  London 
about  five  years  ago,  to  claim  the  reward  of  his  ingenuity 
in  w|uaring  the  circle  ;  but,  unfortunately,  it  reslul  upon 
the  supposition  that  the  side  of  a  square  is  to  its  diago- 


nd  BC  =  y;  then  is, 
b6  =  i  ihe  fluxion  of  the  absciss, 
and  yx  =  c6  the  fluxion  of  the  area 
ABC  sought.  Now  let  the  value  of 
theurdijiutcy  be  found  in  lerma  of 
the  absciss  :t,  or  in  a  function  of  the  absciss,  and  let 
that  function  be  called  \,  that  isy  =:  x  ;  then  substitu- 
ting X  forjf  in  -git,  gives  xi  the  fluxion  of  the  area; 
id  the  fiueni  of  this,  being  (aken.  gives  the  area  ur  qua- 


required,  for  any  curve,  whatever  tU 


;,  for  example,  AC  Eo  be  a  common  para- 
u.;.-  .«  equation  is  p*  =  y,  where  p  is  the  pHra- 
.UV.C.  ;  which  gives  y  =  ^px,  the  value  of  y  in  a  func- 
tion of  i,  and  is  what  is  called   x  above;  hence  thea 

y»  =  Wp'  —  P^'^x  is  the  AuxioD  of  the  area ;  and 
the  fluent  of  this  is  f'p'jc*  =  ^z^px  =  Jjy  —  |  <,f  the 
circumscribing  rectanjile  bd  ;  which  therefore  is  the 
quadrature  of  thc'parabola, 

Again,  if  AC  be  a  circle  whose  diameter  is  d;  then  its 
equation  ia  y*  =  dx  ~  x',  which  gives  y  =  ^{dx  —  x'), 
and  the  fluxion  of  the  area  yi  =  i^(rfr-i')'..  But  as 
the  fluentof  this  cannot  be  found  iii  finite  terms,  the 
c^uaniily  '^(dx—i^)  is  developed  or  thrown  into  a  se- 
ries, and  then  the  fluxion  of  the  area  is  jij  =  x^(di~x*') 
=  i^dx  X    (1  -  J^  _  -J;  _  -Lg.  etc)  :  and  the 


the  general  expression  of  the  atea  arc.     Now  when  the 
space  becomes  a  semicircle,  x  becomes  s  d,  and  then  the 

series  above  becomes  d'(-- Id.  g^c) 

for  Ihe  area  of  the  semicircle  whose  diameter  is  d. 

In  spirals  cab,  or  any  curves  referred  to  a  centre  C  ; 
lutting  y  =  any  radius  cr,  t  =  bm  the  arc  of  a  circla 


1  other  words  that  49  is  equal  to  50;     described   about  the  centre  c,  at 


any 

distance   €b  =   a. 

and    otr 

another  ray 

indefinitely  : 

near  cwR : 

then 

,    4CK. 

Kfi  =  iai'= 

:  cnn,  and 

bys 

im.fig. 

c«'  :  ch'  01 

■««:/;: 

cnh 

■  iLi 

=  car  the 

fluxion  of 

he  was,  notwithstanding,  very  much  dissatisfied 
receiving   the  reward    he   fancied    himself  entitled    to, 
and  returned  with  a  perfect  conviction  that  the  English 
had  not  done  him  justice.     See  ray  Translation  of  Mon- 
lucla's  Recreations,  vol.  I,  pa.  299<  &c,  2d  edition. 

But  though  a  definite  qtwdretute  of  the  whole  circle 
was  never  yet  given,  nor  of  any  aliquot  part  of  it ;  yet 
certain  other  portions  of  it  have  been  squared.     The  first 
partial  quadrature  was  given  by  Hippocrates  of  Chios ; 
who  squared  a  portioa  called,  from  its  figure*  the  Lane, 
or  Lunule ;    but  this  quadrature  has  no  dependence  oo 
that  of  the  circle.     And  some  aiodern  geometricians  have 
found  the  quadrature  of  a«y  portion  of  the  lune  taken  at 
pleasure,  independently  of  the  qaadrature  of  the  circli 
though  still  subject  to  a  certaia  restriction,  which  pr 
vents  the  quadrature  from  being  perfect,  and  what  the     general  quadrature  of  Ihe  spiral  of  Archimedee. 
geometricians  call  absolute  and  indefinite.     See  Ldme.         QUADRIBLE.     Squarable. 

AtKl  fw  the  quadrature  of  the  different  kinds  of  curves         QUADRILATERAL,  or  QuAORiLATEaiL   Figurtr 
see  their  several  particular  names.     '  is  a  figare  comprehended  by  foar  ri^ht  lines ;  and  having 

QuAQaATUREs.  6y  Fluximi. — Thetnost  general  me-  cooseqiienlty  also  four  angles;  for  which  reason  it  is 
thod  of  quadratures  yet  discovered,  is  that  of  Newton,  otherwise  cdled  a  quadrangle.  The  general  term  qua- 
by  means  of  flaxions,  and  is  as  follows,  ac  being  any  drilateral  comprehends  tbeu:  several  particular  species  or 
eurve  to  be  squared,  ab  an  absciss,  and  bC  an  ordi-  figures,  viz,  the  square,  paraUclogram,  rectangle,  rhom- 
aate  perpendicular  to  it,  also  ie  another  otdiaate  inde'     bus,  rhgaiboides,  and  trapeiiuin.     if  the  opposite  sides 


the  area  described  by  the  revolving 

ray  CR  ;  then  the  fluent  of  this,  for 

any  particular  case,  will  be  the  quadrature  of  the  spiral. 

So  if,  for  instance,  it  be  Archimedes's  spiral,  in  which  x  : 

y  in  a  constant  ratio,  suppose  as  m  :  »,  or  tuy  ^  tix,  and 

hence  then  car  =  ^-—  =  — j  the  fluKion 


y  =-i;:^ 


the  fluent  of  which  i 


.the 
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be  pttnllcl,  the  quatbilatentl  is  a  pamllelogram.  If  tlie  coiuists,  «xist  disrinctlyt  and  unconnected  ;  whkh  makoa 
panUlelograin  have  iu  angki  rigbt  rtnos,  it  is  a  rectangle ;'  what  is  called  multitude  or  number,  tbe  object  of  arith- 
ir oblique,  it  it  an  oblique  oav.     Thb  rectangle  having  all     metic. 

its  aidca  equal,  becomes  a  square ;  and  thu  oblique  parel-         The  notion  of  continued  quantity,  and  its  difference 

lelogram  having  all  ii*  sides  equal,  i»  a  rhombus,  but  if    from  discrete,  appears  to  some  without  foundation.     Mr. 

'       '  ■"      '  .    ■ -■  ,      ■.      1  .11     Machin  considerssU  mathemaiical  quantity,  or  that  for 

which  any  symbol  is  put,  as  nothing  else  but  number, 

»ith  regard^to  some  measure,  which  is  considered  as  1 ; 

for  thai  we  know  nothing  prcciiteiy  hiiw  much  any  thkg 

is,  but  by  meaos  of  number.     The  notion  of  continued 

quantity,  without  regard  to  some  measure,  is  indistinct 

and  confused  ;  and  tiiough  some  species  of  sucti  quantity, 

idercd  physically,  may  be  described   by  motion,  as 

by  liie  motion  of  points,  and  surfaces  by  the  mo- 

;  yet  the  niagnitudt-s,  or  mathematical  qaan- 

ot  made  by  the  motion,  but  by  numbering 

Piilloa.  Trans,  numb.  447,  pa. 


only  tbe   opposiles   be  equal,  it  is  a  ihoniboides 
•ther  forms  of  tbe   quadrilateral,    are   trapeziums,  in- 
cluding all  the  irregular  shapes  of  ir.  . 

Tbe  sum  of  all  tbe  four  angles  of  any  quadrilateral,  is 
equal  to  4  right  angles.  Also,  the  two  opposite  angles  of 
«  quadrilateral  inscribed  in  a  circle,  taken  together,  are 
equal  to  two  rigbt  angles.  And  in  this  case  the  rectangle 
of  the  two  diagonals  is  equal  to  the  sum  of  the  two 
rectangles  of  the  opposite  aides.  Ftir  tbe  properlin  of 
the  particular  species  of  quadrilaterals,  see  ibeir  respec- 
tive names,  Square,  Ri^ctangle,  Paraii.zi.D-  lines,  are  r 
OSAM,  RnOMBVB,  Rhohboidbs,  Trapbzivh,  and  according  ti 
Trapb^oid.  '928- 

'QUADRIPARTITION,  is  the  diwding  by  4,  or  into        Qdantitt  o/ Jetton.     See  AcTioir. 
four  equal  parts.  Quaktitt  qfCurvaUre  at  any  point  of  a  curve  is  <1» 

QUADRUPLE,  is  four-fold,  or  eomething  taken  four     temiined  by  the  circle  of  curvature  at  that  point,  ^;id  is 
times,  or  multiplied  by  4.  reciprocally  proportional  to  the  radius  of  curvature. 

QUALITyf  denotes  generally   the  property  or  aflec-         Quamtitt  qf  Matter  in  any  body, 
t  affects  <  ■         -        -.     ■ • 


n  of  litic 


tion  of  some  being,  by  which 
certain  way,  &c. 

SauibU  Qualities  arc  such  as  are.  the  more  imme> 
diate  object  of  the  senses  :  as  figure,  taste,  colour,  smtll, 
liardness,  &c  '' 

OcckA  Qualities,  among  the  ancients,  were  such  as 
did  not  admit  of  a  ratiunal  solution  in  their  way. 

Dr.  Ketl  demonstrates,  that  eveiy  quality  which  is  firo- 
pagated  in  orbem,  such  as  ligtit,  heat,  cold',  odour,  6c<f, 
'  :s  efficacy  or  intensity  eitfaer  increased,  or  decreased, 


arising  from  tbe  joint  consideration  of  its  magnitude  and 
density,  being  e.tpressed  by,  or  proportional  to  tfie  pro- 
duct of  the  two.     So, 

if      «       and  m  denote  the  magnitude  of  two  bodies, 

and   D       and  d  their  densities  i 

then  DM    and  dm  will  be  as  their  quantities  of  matter. 

Tbe  quantity  of  matter  D['a  body  is  best  discovered  t^ 
its  absolute  weight,  to  which  it  is  always  prc^orthuial, 
and  by  which  it  is  measured. 

Quantity  qf  Motion,  or  the  ]Vonie7ttim,  of  any  body. 


irf  a  duplicate  ratio  of  the  distances  Jrem  the  centre  of    is  its  measure  ansing  from  the  joint  consideraltiHi  of  its 
ladiation  inversely.     So  at  double  the  diitance  from  the     quantity,  and  the  velocity  with  which  it  moves. 


earth's  centre,  or  from  a  luminous  or  hot  body,  the  weight 
or  light  or  heat,  is  but  a  4th  part;  and  at  3  times  tbe 
dittattee,  they  are  $  limes  less,  or  a  9t(i  part,  &c. 

Sir  Isaac  Newton,  lays  it  down  as  one  of  the  rules  of 
'  ptiiloBophizing,  that  those  qualities  of  bocfies  tbat  are  in- 
capable of  being  intended  and  remitted,  and  which  are 
found  to  obtain  in  all  bodies  on  which  experiment  could 
ever  be  tried,  ere  to  be  esteemed  universal  qualities  of  all 

Quality  qf  Curvature,  in  the  higher  Geometry, 


used  to  signify  its  form,  as  it  is  n 


q  denote  tbe  quantity  of  matt^, 

and  v  the  velocity  of  any  body  ; 

then  ^  will  be  its  quantity  of  motion. 

QuAVTiTixs,  in  Algebra,  arc  the  expressions  of  inde4- 
nite  numbers,  that  are  usually  represented  by  leften. 
Quaaiilies  are  properly  tbe  subject  of  algebra;  whicfa 
consists  in  the  computation  of  such  quantities. 

Algebraic  quantities  are  either  given  and  known,  or 
else  they  are  unknown  and  aongtit.  The  givea  er  kaew« 
quantities  ara  usually  represented  by  the  first  I  ' 


it  is  varied  more  or  less  in  its  progress  through  diffe- 
rent parts  of  the  curve.  Newton's  Method  of  Fluxions, 
pa.  75 ;  and  Maclaurin's  Fluxions,  art.  369, 

QUANTITY,  denotes  any  thing  capable  of  eslimationr 
or  mensuration  ;  or  which,  being  compared  with  another 
thing  of  the  same  kind,  may  be  said  to  be  either  greater 


>r  less  inequable,  or    tbe  alphabet,  as  o,  b,  c,  d,  < 


,  and  the  unknown  or 


required  quantities,  by  the  last  let 

&c.  and  also  indeterminate,  or  such  as  may  be  assumed 

at  pleasure,  by  some  of  the  middle  letters,  as  n,  n,  ^, 


Again,  algebraic  quantities  are  either  positive  or  nega- 
tive. — A  positrre  or  afSrmative  quantity,  is  one  that  is  to 
),  equal  or  unequal  to  it.     Mathematics  is  the  ioe-  be  added,  and  has  the  sign  ■+■  or  plus  prefixed,  or  under- 
trine  or  science  of  quantity,  stood;  ta  abor  -t-ai.     And  a  negative  or  privative  quan- 
Pkyiical  or  tfatural  Quamtitt,  is  of  two  kinds:  1st,  lity,  is  one  that  is  to  bm  subtracted,'  and  has  tfie  sign  -^ 
that  which  nature  exfaibits  in  matter,  and  its  extension  ;  or  minus  prefixed  ;  as  ~)A, 

and  Silly,  in  the  powers  and  -properties  of  natural  bodies ;  Q17ART,  a  measure  of  capaelty,  being  the  qmrter  or 

as  gravity,  motion,  light,  heat,  cold,  density,  &c.    Quan-  4th  part  of  some  other  meaattre.      Hie  English  quart  is 

lily  is  popularly  distinguished  into  contintied  and  dis-  the  4th  part  of  the  gallon,  and  contains  two  ]rinls.     Hit 

Crete.  Roman  quart,  or  quartarius,  was  the  4th  part  of  tbeir 

Omttmud  QuAVTiTT,  is  when  the  part)  are  connect-  congius.     The  French  bad,  besides  thnr  quart  or  pot  of 

-  ed  together,  and  is  commonly  called  magnitude ;  whidi  '  " * 

is  the  object  of  geometry. 

Ditcreu  Quahtitt,  is  when  de  parts,  joT  whicli  it  quart  deb 


ithfAe  of  wfaich  they  are  quarters ;  as  quart  da  moid,  and 
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QVl                                      [»76]  QUO, 

'   QUARTER,  the  4th  part  of  a  whole,  or  one  part  of  an  l6,  lib.  4.    And  the  side  of  a  regular  quindecagta,  m 

integer,  which  is  divided  jnlo  four  eqiial  portioni.  inscribed,  is  equal  in  power  to  the  half  difierence  between 

Qdartxb,  in  weigbu,  is  the  4lh  part  of  the  quintd,fir  the  sid^  of  the  equilaler&l  triaiigle,  and  the  side  of  iha 

hundred  weight;  and  so  contains  38  pounds.      ,  pentagon  ;  and  also  the  difference  of  the  perpendiculan 

QuAKTER  is  also  a  dry  measure,  containing  of  corn  8  let  fall  on  borh  sides,  taken  together. 

bvhels  striked  ;  and  of  coals  the  4ih  part  of  a  chaldron.  QUINQUAGESIMA-Suni^j/,  is  the  same  as  Shn>ve< 

QuARTfcK,  In  Astronomy ;  the  moon's  period,  or  luna-  Sunday,  and  is  so  called  hs  being  about  the  50th  day  be- 

tion,  is  divided  into  4  stuges  or  quarters,  each  containing  fore  Easter,  being  indeed  the  7th  Sunday  before  it.    An- 

between  7  and  8  days.     The  first  quarter  is  from  the  new  ciently  the  term  quinquagesicna  was  used  for  WhiUunday, 

moon  to  the  quadrature ;  the  second  h  from  thence  to  and  fortbeSOdaysbeiwetrO  LasterandWhitiiunday ;  but  to 

the  full  raoon,  and  so  on.  distinguish  this  quinquagesima  from  that  before  Easter,  it 

Qdarteh,  i&  Navigation,  is  the  quarter  or  4th  part  was  called  the  paschal  quinquagesima. 

of  a  point,  wind,  or  rhumb ;  or  of  the  distance  between  QUINQUEANGLED,  or  QuiHQtJEAMGUitAii,  con- 


two  points  Stc.     The  quarter  contuns  aa  arch  of  2°  48'     aisting  of  5  anglu. 

45",  being  the  4th  part  of  11°  15',  which  is  one  point.  QUINTAL,  the  weight  of  a  hundred  pounds,  in  most 


Quarter  Rouad,  in  Architecture,  is  a  term  used  by     countries ;  but  in  England  it  is  the  hundred  weight,  c 
the  workmen  for  any  projecting  moulding,  whoso  contour     1 13  pounds.     Quintal  was  also  formerly  ustd  for  a  weight 


—  a  quarter  of  a  circle,  or  nearly  so.  of  lead,  iron,  or  other  common  metal,  usually  equal  tL  _ 

QUARTlLE,  an  aspect  of  the  planets  when  they  are  hundred  pounds,  at  6  score  to  the  hundred. 

■t  the  distance  of  3  signs  or  P0°  from  each  other  :  and  is  .     QUINTILE,  in  Astronomy,  an  aspect  of  the  planets 

■denoted  by  the  character  D .  when  they  are  distant  the  5th  part  of  the  zodiac,  or  72 

QUEUE  d'Aronde,  or  Saiallovi'a  Tail,  in  Fortifica-  degrees;  and  is  marked  thus,  c,-oro. 

jtion,  is  a  detached  or  outwork,  whose  sides  spread  or  open  QUINTUPLE,  5  times  as  much  as  another  thing, 

towards  the  campaign,  or  draw  narrower  and  closer'to-  QUOIN,  in  Architecture,  an  angle  or  corner  of  stone 

wards  the  gorge.     Of  this  kind  are  either  single  or  double  or  brick  w^lls.     When  these  stand  out  beyond  the  rest  of 

tenailles,and  some  born-works,  whose  sides  are  not  paral-  the  wall,  their  edges  being  chamferred  98',  they  are  called 

lei,  but  are  narrow  at  the  goi^e,  and  open  at  the  head,  rustic  quoins. 

like  the  figure  of  a  swallow's  tail.     On  the  contrary,  when  Quoin,  in  Artillery,  js  a  loose  wedge  of  wood,  which' 

the  sid»  are  less  than  the  gorge,  the  work  a  called  contre  is  put  in  below  the  breech  of  a  cannon,  to  raise  or  depress 

Queue  d'aronde.  it  more. or  less. 

QtjEUZ  ^Jronde,  in  Carpentry,  a  method  of  jointing,  QUOTIENT,  in  Arithmetic,  is  the  result  of  the  ope- 

called  also  dove-tailing.  ration  of  division,  or  the  number  that  arises  hy  dividing 

QUICKSILVER,  the  same  as  Mercitrt  ;  which  see.  the  dividend  by  the  divisor,  showing  bow  often  the  latter 

QUINCUNX,   in  Astronomy,  ,is    that  position,   or  is  contained  in  the  former.     Thus  the  quotient  of  13  di- 

aspect,  of  the  planets,  when  distant  from  each  other  by  vided  by  3  is  4;  ivhiclr  is  usually  thus  disposed,  or  eX' 

.^ths  of  the  whole  circle,  or  5  signs  out  of  the  13,  that  pressed,            3  )    12     (4  the  quotient, 

is  1 50  degrees.     Tbe  quincunx  is  marked  Q,  or  Vc.        .  or   thus    1«  -j-  3  =  4  the  quotient,  or  thus  ',» ,  like  • 

QUlNDt^CAGON,  is  a  plane  figure  of  15  sides,  and  vulgar  fraction;  ^1  these  meaning  the  same  thing.— In 

cviwequently  the  same  number  of  angles.     When  those  division,  as  tbe  divisor  is  to  the  dividend,  so  is  unity  or  1 

are  ill  equal,  it  is  a  regular  quindecagon,  otherwise  noL  to  the  quotient ;  thus  3  :  12  : :  1  :  4  it  the  quotient. 
Euclid  shows  how  to  inscribe  this  figure  in  a  circle,  prop. 


R. 

RAD  'RAD 

IADIANT  Point,  or  Radiating  Rytnt,  is  any  point  RADICAL  Sign,  in  Algebra;  the  sign  or  character  de- 

from  which  rays  proceed.     Every  radiant  point  dif-  noting  the  root  of  a  quantity  ;  and  is  this,  ^.     So  v'S 

fuses  innumerable  rays  in  all  directions:  but  those  rays  is  the  square  root  of  2,  and  ^2  is  the   cube  root  of 

are  only  visible  from  which  right  lines  can  be  drawn  to  3,  &c. 

the  pupil  of  the  eye  ;    because  the  rays  arc  all  in  right  RADIOMETER,,  a  name  which  some  writers  give  to 

lines.     All  the  rays  proceeding  from  the  same  hultant  the  radius   astronomicus,  or  Jacob's  staff.     See  FoBS- 

continually  diverge;    but  tbe  crystalline  collects  or  re-  Staff. 

united  them  again.  RADIUS,  in  Geometry,  the  semidiameter  of  a  circW; 

RADIATION,  is  the  casting  or  shooting  forth  of  rayi  or  a  right  line  drawn  from  the  centre  to  tbf  circum- 

of  light  as  trom  a  centre. — Every  visible  body  is  a  radia-  ferencc— It  is  implied  in  tbe  definition  of  a  circle,  and  it 


ting  body ;  it  being  only  by  means  of  its  rays  that  it  af-  is  apparent  from  its  construction,  that  all  the  radii  of  tha 
fects  the  eye.— The  surface  of  a  radiating  or  visible  body,  same  circle  ate  equal. — Tbe  radius  is  sometimes  colled,  in 
may  be  conceived  saconsisting  of  rsdiaot  point*.  ttigonoffletry,  the  unus  totus,  or  whole  sine. 
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SADro^,  in  tbe  Higher  Geometry.  Radius  qf  the 
Ewoluta,  Radius  (hem,  called  also  the  Radiut  of  con- 
caetif,  aoil  tbe  Rmdiui  of  euroature, 
is  the  right  line  cb,  representing  k 
thread,  by  whose  evotuiion  rrom  off 
the  curve  ac,  upon  which  it  was 
wound,  the  curve  ab  is  formed. 
Or  it  is' the  radius' of  a  circle. hsving 
the  same  curvatuK,  in  a  given  point 
of  the  curve  at  B,  with  tliaL  of  the 
curve  in  that  puint.  SeeCuRVATUEB 
xnd  EvoLUTE,  where  the  raetbod  of 
finding  this  radium  may  be  seen. 

Radius  Aumnomieta,  an  instrument  usually  called 
Jacob's  staff,  the  Cross-staff,  or  Fore-sMff. 

Radius,  in  Mechanics,  is  applied  to  the  spokes  of  a 
wheel ;  because  issuing  like  rays  from  its  centre. 

Radius,  in  Optics.     See  Rat. 

Radius  Veetnr,  is  used  for  a  right  line  drawu  from,  the 
centre  of  forcf  iri  any  curve  in  which  a  body  is  supposed 
to  move  by  a  centripetal  force,  to  that  point  of  the  curve 
where  the  body  ii  supposed  to  be.  In  the  elliptical  orbit 
of  a  planet,  let  o  =  the  greater  seminxis  ;  ae  =  distance 
from  the  centre  to  the  focus,  or  t  =  excentricity  for 
the  greater  scmiaxis  1,  w  =  true  anomalyi  and  u  = 
excentric  anomaly  ;  then  the  radius  vector  f  is  expressed 
by  either  of  tbe  following  formulic,  r   ^  a(l+e  cos.  u) 

RADIX,  or  Root,  is  a  cerUin  finite  expression  or 
function,  which,  tieiog  evolved  or  expanded  according  to 
the  rules  proper  to  its  form,  produces  a  series.  That 
finite  expression,  or  radix,  is  also  the  value  of  the  inGnite 
series.  So  \  is  the  radix  of  '3333  &c,  because  \  being 
evolved  or  expanded,  by  dividing  1  by  3,  gives  the 
infinite  series  3333  &c.     In  like  manner,  the  radix 

of  1   —    f     4-    r*    —    r*    +    r'   &c  is    r-r^t 


Of  1  ' 
of  1  . 
of  1  • 


^&cis 


1  +  4' 


1  +     1    _     1    +     1    &c  is   . 

2  +     4   —     S    -I-    l6   &c  is   . 


of  1    +    .K    -*-    *•  +    x»    + 


-&C  is  - 
'  &c  is  - 


of  1  • 


-  Sx*  +  4*^  +  5i*  ic  is  — 

31*  si"  33    «  •      ■        , 


See  my  Tracts,  vol.  1,  tracts  7  &tid  8. 

RAFTERS,  in  Architecture,  are  pieces  of  timber 
which  stand  by  pairs  on  the  raising-piece,  or  wall 
plate,  and  meet  in  an  angle  At  the  top,  forming  the  roof 
of  a  building.  These  commonly  rise  at  45°,  and  meet 
in  a  right  angle  at  top;  and  then  tbe  roof  is  said  to  be 
of  a  true  pitch. 

RAIN,  water  that  descends  from  the  atmosphere  in  the 
form  of  drops  of  a  considerable  size.  Rain  is  appa- 
rently a  precipitated  cloud ;  as  clouds  are  nothing  but 
vapours  raised  from  moisture,  natere,  &c.  By  this  cir- 
cumstance it  is  distinguished  fiom  dew  and  fog  :  in  the 
former  of  which  the  drops  are  eo  small  that  they  are  quite 
iatisible;  and  intLe  latter,  though  their  si^e  belai;ger, 


they  seem  to  have  very  little  inore  specific  gravity  than 
the  atmosphere  itgelf.Bnil  may  therefore  be  reckoned  hol- 
low spherules  rather  than  drops. 

It  is  universally  agreed,  that  rain  is  produced  by  the 
water  previously  absorbed  by  the  heat  of  the  sun,  or  other- 
wise, from  the  terraqueous  globe,  into  the  atmosphere,  n* 
vapours,  or  vesiculx.  These  veaiculx,  being  specifically 
lighter  than  the  atmosphere,  are  buoyed  up  by  it,  till  they 
arrive  at  a  region  where  the  air  is  in  a  Just  balance  with 
them ;  and  there  they  float,  till  by  some  new  agent  they 
arc  convened  into  clouds,  and  thence  either  intorain, 
snow,  hail,  mist,  or  the  like. 

But  the  agent  in  this  formation  of  the  clouds  into  rain, 
and  even  of  the  vapours  into  clouds,  has  been  much  con- 
troverted. Most  philosopher  will  have  it,  that  the  cold, 
which  constantly  occupies  the  superior  regions  of  the  air, 
chills  and  condcnsei  the  vesiculee,  at  their  arrival  from  a 
warmer  quarter ;  congregates  them  together,  and  occft*. 
sions  several  of  them  to  cqalesce  into  little  masses:  and 
thus  their  quantity  of  matter  increasing  in  a  higher  pro- 
portion than  their  surface,  they  become  an  overload  to 
the  thin  air,  and  so  descend  in  rain. 

Dr.  Derham  accounts  for  the  precipitation,  from  the 
vesiculK  being  full  of  air;  when  they  meet  with  a  colder 
air  than  ihat  they  contain,  this  is  then  contracted  into  a 
less  apace :  and  consequently  the  watry  shell  or  case 
becomes  thicker,  so  as  to  become  heavier  than  the  air, 
&c. 

But  this' separation  cannot  be  ascribed  to  cold,  since 
rain  often  takes  {ilacc  in  very  warm  weather.  And  though 
we  should  suppose  the  condensation  owing  to  the  cold  of 
the  higher  regions,  yet  there  is  a  remarkable  fact  which 
will  not  allow  us  to  have  recourse  to  this  supposition:  for 
it  is  certain  that  the  drops  of  rain  increase  in  size  con- 
siderably as  they  descend.  On  tbe  top  of  a  hill  for  in- 
stance, they  will  be  small  and  inconsiderable,  forming 
only  a  driizliog  shower ;  but  half  way  down  the  hill  it  ia 
much  more  considerable ;  and  at  the  bottom  the  dropt 
will  be  very  large,  descending  in  an  impetuous  rain. 
Which  shows  that  the' atmosphere  condenses  the  vapours 
i.„ ,11  ..,1 ';»  :.  .^. _,i ;.  :. u 


reU  wher 


;old. 


Others  allow  the  cold  only  a  part  in  tbe  action,  attri- 
buting to  the  wind  a  considerable  part  of  the  agency: 
alleging,  that  a  wind  blowing  against  a  cloud  will  drive 
its  vesiculse  upon  one  another,  by  which  means  several 
of  them  coalescing  as  before,  will  be  enabled  to  descend  ; 
and  that  the  effect  will  be  still  more  considerable,  if  two 
opposite  winds  blow  together  towards  tbe  same  place:  they 
add,  that  clouds  already  formed,  -happening  to  be  aggre- 
gated by  fresh  accessions  of  vapour  continually  ascending, 
may  thence  be  enabled  to  descend. 

Yet  the  grand  cause,  according  to  Rohaull,  is  still  be» 
hind.  That  author  conceives  it  to  be  the  beat  of  the  air, 
which,  after  continuing  for  some  time  near  the  earth,  is  at 
length  carried  up  on  high, by  a  wind,  and  there  thawing 
the  snowy  villi  or  llocks  of  the  half-frozen  vesiculn,  it 
reduces  them  into  drops;  which,coHlescing, descend, and 
.have  their  dissolution  perfected  In  their  progress  through 
tbe  lower  and  warmer  stages  of  the  atmosphere. 

Others,  as  Dr.  Clarke,  &c,  ascribe  this  descent  of  the 
clouds  rather  to  an  alteration  of  the  atmosphere  tbao  of 
the'vesiculffi  j  and  suppose  it' to  arise  from  a  diminution 
of  the  spring  or  clastic  force  of  the  air.  This  elasticity, 
which  depends  chiefly  or  wholly  on  the  dry  terrene  exha- 
latioDS,  being  weakened,  the  atmosphere  sinks  under  ita    < 
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o  the  general  qaantityof  rfiin 


biinlen  I  and  th«  cloodti  fall,  on  the  common  pHncipk  of        &iaiuity  ofRAin. 

p.Kipitalion.  (hai  fells,  with  its  jiroportioD  in  soveral  placi-s  at  the  saim 

Nnw  ihcimall  vesiculw,  by  iHew  or  any  other  causes,     I'lnc,  and  at  thu  same  place  iii  Oifierent  limes,  then;  are 


many obscrvatiuni,  journals,  &c,  in  the  Philos.  Trans.,  the 
"  'cmoirs  of  the  Fnnch  Acmlcmy,  fitc. 

It  has  been  ascertutipd  by  nbtervation,  tba^  the  mean 
inual  quaiiiity  of  rain  is  g^'atc•t  at  ihe  cquntor,  where 
decreases  gradually  tuwRrdslhe'pokf.     Thiu,  at 
Granada,  Antilles,   lal.  12°  it  is  136  inches. 


St.  Domingc 

Calcutta 

Englnnd     - 
Petersburg 


-  11>  46'  - 

-  22    23   -     81 

-  *l    54   -     59 
.-     33  eo   -     32 

-  59    l6    •     16 
Philos.  Mag.  vol.  44,  pa.  350.     Hence  it  appears  that  the 

they-  quantity  of  rain  is  influenced  generally  by  the  heat  of 
being  the  climate.  But  it  is  also  much  influenced  by  particular 
local  causes  and  circumstances,  as  effected  by  bills  and 
mountains,  and  by  the  vicinity  of  seas,  &c,  as  further 
appears  by  the  following  tables  and  observations.  Thus  on 
measuring  the  rein  that  falls  annually,  its  depth,  on  a  me- 
dium, in  several  places,  is  found  as  in  the  following  table: 
Mean  Anituai  Dqah  ofRamfbr  tneral  Piam. 

Observed  by  Inch 


Triwnlcy,  inlancas.  - 

Upminstcr,  in  Esses  - 

Zurich,  Swisserland  - 

Pi^a,  in  Italy  -    -  - 

Paris,  in  France   •  - 

Ijsle,  flandera     -  - 
Quaatii^  of  Ri 


At  Paru. 
Inches  21-37 
27-77 
17 '45 
18.51 
21  20  ■ 
14-82 
2019 


Townl^  - 
Dr^Derham  •  -  -  .  jgi 
Dr.  Scheuchzer  -  -  -  32> 
Dr.  Mich.  Ang.  Tilli  -  43! 
M.  Lahire  -  -  .  -  jg 
M.  De  Vauban  -  -  -  X* 
fallen  in  teveral  Years  at  Parii  and  , 
Vpminaier. 

At  Vpiainuer, 
'.   19-03  inches. 


)  upon  the  descent,  will  continue  to  descend 
notwithstanding  iho  increase  of  resistance  they  every  mo- 
mani  meet  with  tn  tbeir  progress  through  still  denser 
and  denser  parts  of  the  atmosphere.  For  as  they  all  tend 
totverd  the  same  point,  vis,  tlie  centre  of  the  earth,  the 
ftirtfaer  they  fall,  the  more  Coalitions  wilt  they  make;  and 
ibc  more  coalitions,  the  more  matter  will  there  be  under 
the  same  surface;  the  surface  only  increasing  as  the 
squares,  but  Ihe  solidity  as  the  cubes  of  the  diameters: 
'«nd  the  more  matter  tinder  the  sdme  surface,  the  less 
friction  or  resistance  there  will  be  to  the  same  matter. 

Thas  then,  if  the  causes  of  rain  happen  to  act  early 
enough  to  precipitate  the  ascending  vesicnls,  I 
are  arrived  at  any  considerable  height,  the  coali 
few  in  so  short  a  descent,  the  drops  will  beproportionably 
tmtil ;  thus  forming  what  is  called  dew.  If  the  vapours 
prove  more  copious,  tind  rise  a  little  higher,  there,  is  pro- 
duced a  mist  or  fog.  A  little  higher  still,  and  they  pro- 
duce a  small  rain,  ic.  If  they  neither  meet  with  cold 
Wor  wind  enough  to  condense  or  dissipate  them  j  they  form 
A  heavy,  thick,  dark  sky,  which  lasts  sometimes  several 
days,  or  even  weeks. 

But  later  writers  on  this  part  of  philosophical  science 
Imve,  with  greater  show  of  truth,  considered  rain  as  an 
electrical  phenomenon.  Srgnior  Beccsiria  counts  rain, 
hail,  and  snow,  among  the  effects  of  a  moderate  electri- 
eity  in  the  atmosphere.  Clouds  that  bring  rain,  he  thinks 
■reproduced  in  the  same  manner  as  ihundef  clouds,  only 
by  a  moderate  electricity.  He  describes  ihcra  at  large; 
And  the  resemblance  which  at)  their  phenomena  bear  to 
lho«  of  thunder  clouds,  is  very  striking.  He  notes  several 
circumstances  attending  rain  without  lightning,  which 
Jfender  it  probabte  that  it  is  produced  by  the  same  cause 
SH  when  it  is  accompanied-  with  lightning.  Light  has 
been  seen  among  the  clouds  by  night  in  rainy  weather  ; 
and  even  by  day  rainy  clouds  arc  sometimes  seen  to  have 
a  brightDos  evidently  independent  of  the  sun.  The  uni- 
formity with  which tte  clouds  are  spread,  and  with  which 
the  rain  falls,  he  thinks  are  evidences  of  a  uniform  cause 
like  that  of  ekctricity.  The  intensity  also  of  electricity 
*n  his  apparatus  usually  corresponded  very  nearly  to  the" 
quantity  of  rain  that  fell  in  the  same  time.  Sometimes 
all  the  phenomena  of  thtinder,  lightning,  hail,  rain,  snow, 
and  wind,  have  been  observed  at  one  time;  which  shows 
the  connection  they  aJl  have  with  some  common  caase. 
SigtHor  Beccaria  theieforc  snpposips  thai,  previous  to  rain, 
■  »]08niity  of  electric  matter  escapes  out  of  the  earth,  in 
aome  place  where  there  is  a  redundancy  of  it;  and  in 
Its  ascent  to  the  higher  regions  of  the  atmosphere,  collects 
and  condacts  into  its  path  a  gojatquantityof  vapours.  The 
same  cause  th&(  collects,  will  condense  them  more  and 
more;  till,  in  the  places  of  the  nearest  intervals,  they 
come  almost  Into  contact,  so  as  to  form  small  drops  : 
wdiich,  uniting  i«ith  otfaeii  as  they  fall,  come  down  in  thi 
form  of  rain.     The  rain  will  he  heavier  in  proportion  a: 

theelectricity  is  more  vigorous,  and  the  cloud  approaches     leys,  &c.     So  when  the  quantity 

more  nearly  to  a  thunder  dond  ;  &c.  See  Lettcre  dell  year  at  London,  is  20  inches,  that  on  the  western  coast 
Elettncisroo;  and  Pneslley's  Hist.  &c  of  Electricity,  vol.  of  England  will  oftun  he  twice  as  much,  or  40  inches,  or 
I,  pa.  427,  *c,  8vo.  And  for  further  accounts  of  the  more.  Those  winds  also  bring  most  rain,  that  blow  from 
phenomenaofrain,&c,8eeBARoiiBTER,EvAPORATioir,  the  quarter  in  which  is  the  most  and  nea;«t  sea;  as  our 
OMBEOMBTBm,  Plvviameter,  Vai>odr,  &c.  See  also  west  and  south-west  winds, 
the  l-iieory  of  Ram,  by  Dr.  James  Button,  art  2,  vol.  1,  It  is  also  found,  by  tbe  pluviameler 
of  Transactions  of  the  Hoyal  Society  of  Edinburgh.  in  any  one  place,    the  more     ' 


Yean 

■  1700     -  - 
-     1701     -  - 

■  1702    -  -     -     20-38 

■  1703     -  -     -    2399 

■  176*     -  -     -     15-80 

■  '70a   -   -   •    i€-$s 

Mediums         -         19-14 
Mtdmm  Buantity  qf  Rain  at  Londoit,  for  teveral  Yeart, 
Jrom  tlie  Plulot.  TVtiu. 
Vii,  inl774    -    -    -     -     S6-328  inches. 
1775     .     -    -    -     24-, 


-  30-354 

-  25371 

-  20-772 

-  26-785 

-  17-913 


1776 
1777 
1778 
1779 

1780 

Medium  of  these  7  years  23-001 
See  also  tbe  Meteorological  Journal  of  the  Royal  S 
ciety,  published  annually  in  the  Philos.  Trans,  and  the 
article  Pluviake-  " 

Itis  reasonably  t( 
that  the  most  ri ' 
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iT  Ombrohster. 

expected,  and  all  experience  sbowi, 

)  falls  in  places  near  the  sea  coast,  and 


s  ihe  places  are  situated  more  inland.   Some 
differences  also  arise  from  the  circumstances  of  bills,  val- 
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(trumeut*  u  it  is  pUced  nearer  th«  grootid ;  wilhout  Auy  '    Bjr  tha  table  it  i^)pean,  that  there  fell  below  the  top 

appearanceofadifference,  between  two  places,  on  account  of  a  houteabove  a  fifth  part  more  raiii,  than  what  fell  in 

of  their  difference  of  level  above  the  &ea,  provided  the  iiir  the  sanie  space  above  the  top  of  the  sanie  house ;  and 

strumeDt  is  but  as  far  from  the  ground  at  the  one  place  that  there  fell  upon  Wcstmiiuter  Abbey  not  much  abova 

«i  at  the  other.    These  eSects  are  remarked  in  the  Phtlos.  one  half  of  what  was  found  to  fall  in  the  same  space  below 

Traiis-for  17^9  and  1771.    tho  former  by  Dr.  Heberden,  tbe  tops  of  the  houses.     This  experiment  has  beca  ra< 

and  the  latter  by  Mr.  Daiaes  B&rrington.     Dr.  lieberden  peated  in  other  places  with  the  same  result.     What  may 

says,"  A  comparison  having  been  made  between  tbequan-  be  the  cause  of  this  extraordinary  difference,  has' not  yet* 

tity  of  rain,  which  fell  in  two  places  in  Londotii  about  a  been  discovered  ;  but  it  may  be  useful  to  notice  it,  ,in 

mile  distant  from  one  another,  it  was  found,  that  the  rain  order  to  prevent  that  error,  which  would  fraquenlly  be 

in  uueof  them  consCaotly  eKceeded  that  in  the  other,  not  committed  in  coinpanng  the'  rain  of  two  placet  without 

only  every  month,  but  almost  every  time  that  it  rajned.  attending  to  this  circumstance." 

The  apparatus  used  in  each  of  tb«n  was  very  exact,  and        Such  were  the  observations  of  Dr;  Heberden  on  fint 

both  madcby  the  sameartist;  and  upon  exaroiningevery  announcing  this  circu'nistance,  viz,  of  different  quantities 

probable  cause,  this  unexpected  viiriation  did  not  appear  of  rain  falling  at  different  heights  above  the  ground.  Two 

to  be  owing  to  any  rnistahe,  but  to  the  constant  efiect  of  years  afterwards,  Daines  Barrtng'ton  Esq.  made  the  fol- 

some  circumstance,  which  not  being  supposed  (o  be  of  lowing  experiments  and  observations,  to  show  Ibat  thi« 

any  moment,  had  nevbr  been  attended  to.     The  rain-  eSect,  with  respect  to  different  places,  respected  only  ths 

gajic  in  one  of  these  casus  was  lixed  so'high,  as  to  rise  several  heights  of  the  instrument  above  the  ground  at- 

above  all  the  neighbouring  chimoeys;  the  other  was  cbn-  those  places,  without  regard  to  any  real  difference  of  level 

siderably  btrlow  chem  ;  and  there  appeared  reason  to  be-  in  the  ground  at  those  places.  . 

lieve,  that  the  difference  of  the  quantity  of  rain  in  these         Mr.  Harrington   caused  two  other  rsjn-gaget,  exactljr 

two  places,  was  owing  to  this.difierence  in  the  placing  of  like  those  of  Dr.  Heberden,  to  be  placed,  the  one  upon 

the  vessel  in  which  it  wus  received.     A  funnel  was  there-  mount  Rennig,  in  Wales,    and   the  other  oa  the  plana 

fore  placed  above  the  highest  chimneys,  and  another  on  below^  at  about  half  a  mile's  distance,  the  perpendicular 

the  ground  of  the  garden  belonging  to  the  same  house,  height  of  the  mountain  being  450  yards,  or .1330  feet;, 

and  there  was  found  the  same  difference  between  these  each  gage  being  at  the  same  height  above  the  guriace  of 

two,  though  placed  so  near  one  another,  which  there  had  the  ground  at  the  two  stations, 
been  between  them,  when  placed  at  similar  heights  in 
different  parts  of  the  town.  After  this  &ct  was  sufficiently 
asccrtaii^ed,  is  was  thought  proper  to  try  whether  the  dif- 
ference would  be  greater  at  a  much  greater  height ;  and  a 
rain-gage  was  therefore  placed  upon  the  square  part  of  the 
roof  of  Westminster  Abbey.  Here  the  quantity  of  min 
was  observed  for  a  twelvemonth,  the  rain  being  meatured 
at  the  end  of  every  month,  and  ^are  being  taken  that 


Xhe  results  of  jhe  experiment  are  as  below  : 


From  July  6  to  l6 
July  l6  to  2^ 
,  July  29  to  Aug.  10. 
should  evaporate  by  passing  a  very  long  tube  of  the     Sept.  9  boA  bottles  bad  run 


funnel  into  a  bottle  through  a  cork,  to  which  it  1 
actly  fitted.  The  tube  went  down  very  near  to  the  bot- 
.  tom  of  the  bottle,  and  therefore  the  rain  which  fell  into 
it  would  spontisc  above  the  end  of  the  tube,  so  that  tha 
water  was  no-wbere.open  to  the  air  except  for  the  small 
space  of  the  area  of  the  tuba  :  and  by  trial  it  was  found 


over- 
Sept.  9  to  SO 
Oct.  17-  both  honles  bad  r 


Oct.  17  t 
Oct.  22  t 


29 


that  there  was  no  sensible  evaporation  through  the  tube     Mov,  20  both   bottles   were 


thus  fitted  up. — The  following  table  shows  the  resulf  of 
these  observations. 

From  July  the  7th  U66,  to  July  the  7th  1767,  there  fell 
a  rain-gage,  fixed 


broken  by  the  frost. 


1766. 

Muw  the  top 
oFihaiue. 

Ujion  till  lop 
of  .boM. 

lJponWe«- 

From  the  7th  to 

Incbea. 

Inches. 

Inches. 

the  end  of  July 

■S-591 

3-210  . 

2-31 1 

August 

0-558 

0-+79 

j  0-508 

Sepumber 

J9-421 

0-344 

2-364 

2-061 

1-416 

November 

107«   - 

0  84« 

December 

l-6i2 

1-258 

1767,JaMiai7 

2071 

1-455 

February 

2-664 

S-494 

1-3S5 

1-807 

1-303 

0-587 

April 

i-+37 

1-213 

0-994  ' 

May 

2-432 

1-74S 

ri4« 

1-99? 

r*Mi 

}  1145 

July  7 

0-395 

0-309 

22-(>OS 

18-139 

J2-099 

"  The  inference  to  be  drawn  from  these  experiments," 
iii.  Barrfngton  observes,  "  seemsto  b«,  that  the  inci'eas» 
of  the  .quantity  of  rain  depends  upon  its  nearer  proximitjT' 
to  the  earth,  and  scarcely  at  uU  on  the  height  of  places, 
provided  the  rain-gage*  are  .fixed  at  about  ifae  same  dis- 
tance from  the  grovnd. 

"  Possibly  also  a  much  controvdrted  point  between  the 
inbabitauts  of  mountains  and  plains  may  receive  a  solu^ 
lion  from  ihcae  experiments  ;  as  in  an  adjacent  valley,  at 
least,  very  nearly  the  same  quantity  of  rain  appears  to  fall 
within  the  same  period  of  time  as  on  <tw  neighbonring 
mountains." 

Dr.  Heberden  also  adds  the  following  note.  "  II  may 
not  be  improper  to  wsbjoin  to  tb«  foregofng  acconni,  that, 
in  places  where  it  was  first  observed,  a  di^rent  quantity 
of  rain  would  be  collected,  according  as  the  rain-gages 
were  placed  above  or  below  the  topaof'ilie  net^bbouring 
buildings  ;  the  rain-gage  below  the  top  of  (he  honse,  into 
which  the  greater  .quantity  of  luia  had  for  several  years 
been  found  to  fall,  was  abovA  i£  &et  above  the  lerel  of  tbfi 
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Dtherrain-gage,wbichin«noth«rpBTtof  CoDdonwasplaced  oo  hlctoon,  knew  tliat  the  raiabow  wai  csused  by  the 

Above  the  top  of  the  bouse,  and  into  which  the  lesser  refractioa  of  tbe  sun's  light  in  drops  of  falling  rain.  Long 

quantity  always  fell.     This  difference  tberefore  does  not,  afterwards,  one  Fletcher  of  firttlaw,  in  a  treatise  which 

u  Mr.  Barrington  justly  remarks,  depend  on  the  greater  he  published  in  1571,  endeavoured  more  particularly  to 

quantity  of  atmosphere,  through  which  the  rain  descends:  account  for  the  colours  of  the  rainbow   by  nieaAs  of  a 

though  this  has  been  supposed  by  some,  wbo  bavc  thence  double  refraction,  aud  one  reflectiun.  -But  he  imagined 

Concluded  that  this  ^pearance  might  readily  be  solved  that  a  ray  of  light,  after  entering  a  drop  of  rain,  and  auf- 

tiytheaccumulationof  more  drops,  in  a  de«cent,  through  fering  a  refraction,  both  at  ib  entrance  and  exit,  was 

K  great  depth  of  atmosphere."  afterwards  reflected  from  another  drop,  before  it  reached 

The  quantity  of  rain  that  fells  at  Bombay  is  «ry  ex-  the  eye  of  the  spectator.     It  seems  he  overlooked  the  re-' 

traoidinary.  The  following  register  of  the  quantity  fallen  flection  at  the  farther  side  of  the  drop,  or  ebe  he  ima- 

thereinS  succeswve  years,  is  «xlracted  from  the  Monthly  pned  that  all  the  beiidings  of  the  light  within  the  drop 


uine  foe  179^1  pa- 
in 1780.  From  Inches! 
July4toAug4  -  20-4 
Aug  5,  to  Sep.  7  -  17*4 
Sep.  8,  to  Oct.  1*  -  15-6 
53-4 

1781.  From 
June  14,  to  July  3  -     2S-S 
July  3,  to  Aug.  10  -       87 
Aug.  11,  to  Sep.  3  -    34-1 
Sep.  4,  to  Oct.  14,  -     U% 

70-5 

1782.  From 
May  as,  to  May  31  22 
June  1,  to  July  2  -  8-3 
JtUy  3,  to  Aug.  9,  --  »9'0 
Aug.  10,  to  31  -  5-6 
Sep.  1,  to  Oct.  5     -      6-7 

51-8 
1785.    From 
JaBel,toJuly3     -    257 
July  4,  to  Aug.  7    -    30-3 
Aug.  8,to31  -      7-1 

Sep.  1,  to  Oct. 4     -      99 


1784.    From 


June  6,  to  30  -       8-2  70-4 

July       -        -        -      9*4 1  Gen.  yearly  average    63"  S5 
From  this  abstract  it  appears,  that    the  rainy  season 
commences  about  the  beginning  of  June,  and  cuds  in  the 
3d  week  of  Octobtr;  and  that  July  is  the  ma:>t  rainy 
month,  the  genera)  average  of  July  being  Z2-7  inches, 
aboye  one-third  of  the  whole.     ■"■      -       - 
fell  during  these  8  yean,   was 
inches,  20th,  i-6,  21st  6-4. 


make  a  sufficient  curvature,  to  bring  the  ray  o'f 
tbe  sun  to  the  eye  of  the  spectator.  But  Antonio  dc 
Dominis,  Bishop  of  Spalalo,  about  the  year  1590,  whose 
Y^L  trcatite  De  Radiis  ViiQi  et  Lucis  was  published  in  l6ll 
by  J.  Bartolus,  hrst  advaiiced,  that  tbe  double  retraction 
47 '5  uf  Fletcher,  with  an  intervening  reBection,  was  sufficient 
to  produoe  the  colours  of  the  rainbow,  and  also  to  bring 
5.5  the  fays  that  formed  them  to  the  eye  of  the  spectator, 
p-0  without  any  subs^uent  rejection.  He  distinctly  describes 
the  prepress  of  a  ray  of  light  entering  the  upper  part  of 
the  drop,  where  it  suffetv  one  refraction,  and  after  being 
by  that  thrown  upon  the  back  part  of  the  inner  surface, 
ia  from  thence  reflected  to  the  lower  part  of  the  drop ;  at 
which  place  undergoing  a  second  refraction,  it  is  thereby 
bent  so  as  to  come  directly  to  the  eye.  To  verify  this  hy- 
pothesis, he  procured  a  small  globe  of  solid  gla^,  and 
viewing  )t  when  it  was  exposed  to  the  rays  of  the  sun,  in 
the  same  manner  in  which  he  had  supposed  the  drops  of 
rain  were  situated  with  respect  to  them,  he  actually  ob- 
served the  same  colours  which  he  had  seen  in  the  [rue 
rainbow,  and  in  the  same  order.  Thus  this  author  showed 
the  interior  bow  is  formed  in  round  drops  of  rain, 
T13,  by  two  refractions  of  the  sun's  rays  and  one  re6ec- 
tioD  between  them  ;  and  he  likewise  showed  that  tbe  ex' 
terior  b^  is  formed  by  two  refractions  and  two  sorts  of 
reflections  betwivn  them  in  eA:h  drop  of  water. 

The  theory  otA.  de  Dominis  was  adopted,  and  in  SOri« 
degree  improved  with  respect  to  the  exterior  bow,  by 
Descartes,  in  his  treatise  on  Meieors;  and  indeed  he  was 
the  first  who,  by  applying  matlicmaticsto  the  investigation 
of  this  surpriiii^g  appearance,  ever  gave  a  tolerable  theory 
of  the  rainbow.  Philosophers  were  however  ^till  at  « 
loss  when  they  endeavoured  to  assign  reasons  for  all  the 
particular  colours,  and  for  the  ot'der  of  ihcra.  Indeed 
nothing  but  the  doctrine  of  the  different  rcrrangibility  of 
The  heaviest  rain  that  the  rays  of  light,  a  discovery  which  was  reserved  for  tho 
1783,  on  July  19,  6  great  Newton,  Could  furnish  a  complete  solution  of  this 
difficulty. 


1784 — coKlitUKd. 
August  -  -  - 
Sep.loOct.  6 

1785.  From 
May  39,  to  31 
June     .        .        - 
July      -         -         - 

September 
October  27    - 

1786.  From 
June  12,  to  SO 
July       - 

September 
October  12     - 

1787-    From 
June  ll,taS6 
Junc27,  toJuly  31 

September 
October  12    - 


25-3 
13-3 
14-5 
2^ 
7Q-g 

26-9 
25-6 
10-1 
10-4 


740     ho( 


12-2 


15-5 
93 


RAINBOW,  /rw,  or  simply  the  Bow,  h  a  meteor  in  Dr.  Barrow,  in  his  Lectione*  Oplicx,  at  Lect.  12,  n.l*, 

"  form  of  a  party-coloured  arch,  or  semicircle,  exhibited  says,  that  a  friend  of  his  (by  whom  we  are  to  understand 

in  a  rainy  sky,  opposite  to  the  sun,  by  the  refraction  and  Mr.  Newton)  communicated  to  him  a  method  of  deter- 

rcflection  of  his  rays  in  the  drops  of  falling  rain.     There  mining  the  angle  of  the  rainbow,  which  was  hinted  to 

i»  also  a  secondary,  or  fainter  bow,  usually  seen  investing  Ne\vton  by   Slusius,  wiihodt  making  a  table  of  tho  re- 

the  former  at  some  distance.     Among  naturaliatg,  we  fractions,  as  Descartes  did.    The  doctot  shows  the  mt> 

also  read  of  lunar  rainbows,  marine  rainbows,  &c.  thod;  as  also  several  other  matters,  at  n.  14,  15,  16,  le- 

Thc  rainbow.  Sir  Isaac  Newton  observes,  never  appears  lating  to  the  rainbow,  worthy  the  genius  of  those  two 

but  where  it  rains  in  the  sunshine;  and  it  may  be  repre-  eminent  men.     But  the  sulgcct  was  given  more  perfectly 

sentcd  artificially,  by  contriving  water  to  fall   in  small  by  Newton  afterwards,  viz,  in  his  Opiict,  prop.  9;  where 

drops  like  rain,  through  which  the  sun  shining,   exhibits  he   makes   the  breadth   of  the  interior   bow   to  be  nearly 

)  the,  spectator  placed  between  the  sun  and  the  2"  15',  that  of  the  exterior  3°  40",  their  disUnre  8°  25', 


a  bow  ti 


drops,  especially  if  there  be  disposed  beyond  the  drops     the  greatest  semidiameter  of  the  interior  bow  42°  17',  anl 
-  me  dark  body,  as  a  black  cloth,  or  such  like.  the  least  of  the  exterior  50°  42',  when  their  colours  ap- 

Some  of  the  ancients,  as  appears  by  Aristotle's  tract     pear  itrong  and  perfect. 
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The  doctrine  of  tbe  rainbow  may  be  illastrated  ud  point  r,  still  farther  from  q,  whence  it  will  be  in  partre- 
oonfirmed  by  experiment,  in  Mvcral  different  ways.  Thus,  fleeted  to  a,  from  which  place  it  will  in  part  emerge, 
by  hanging  up  a  glass  globe,  full  of  water,  in  the  sun-  forming  an  angle  axr  with  the  incident  an,  greater  than 
(hine,  and  viewing  it  in  such  a  posture  that  the  rays  which  that  which  was  formed  between  the  ray  up  and  its  inci- 
come  from  ibe  globe  to  the  eye,  may  include  an  angle  dent  ray.  And  thus,  while  the  angle  of  incidence,  or 
«tlier  of  42°  or  50°,  with  the  sun's  rays  ;  for  ex.  if  the  distance  of  the  point  of  incidence  from  B,  inareases,  the 
ftngle  be  about  43°,  tbe  spectator  will  see  a  full  red  colour  distance  between  the  point  of  reflection  and  q,  and  the 
in  that  side  of  the  globe  opposite  to  the  sun.  And  by  angle  formed  between  the  incident  and  emergent  reflected 
varying  tlie  poution  so  as  to  make  that  angle  gradually  rays,  will  also  increase  ;  that  is,  as  far  as  it  depends  oii  the 
less,  the  other  colours,  yellow,  green,  and  blue,  will  ap<  distance  from  £  :  but  as  the  refraction  of  the  ray  tends  to 
pear  successively,  in  the  same  side  of  the  globe,  and  that  carry  ihe  point  of  reflection  towards  q,  and  to  diminish 
very  bright.  But  if  the  angle  be  made  about  50°,  suppose  the  angle  formed  between  the  incident  and  emergent  le- 
by  raising  tbe  globe,  there  will  appear  a  red  colour  in  that  fleeted  ray,  and  that  the  more  the  greater  the  distance  of 
side  of  the  globe  towards  tbe  sun,  though  somewhat  faint;  the  point  of  incidence  from  b,  there  will  be  a  certain  point 
and  if  the  angle  be  made  greater,  as  by  raising  the  globe  of  incidence  between  B  and  w,  with  which  the  greatest 
still  higher,  this  red  will  change  successively  to  the  other  possible  distance  between  the  point  of  reflection  and  q, 
colours,  yellow,  green,  and  blue.  And  the  same  changes  and  the  greatest  possible  angle  between  the  incident  and 
are  observed  by  raising  or  depressing  the  eye,  while  the  emergent  reflected  ray,  will  correspond.  So  that  a  ray 
globe  is  at  rest.  Newton's  Optics,  pt.  S,  prop.  9,  prob.  4.  incident  nearer  to  a  shall,  at  its  emergence  after  reflection, 
Again,  a  similar  bow  is  often  observed  among  the  waves  form  a  less  angle  with  the  incident,  by  reason  of  its  more 
of  the  sea  (called  the  marine  rainbow),  the  upper  parts  direct  reflection  from  a  point  nearer  to  q;  and  a  ray  in- 
of  the  waves  being  blown  about  by  the  wind,  and  so  fall-  cident  nearer  to  w,  shall  at  its  emer^nce  form  a  less  angle 
ing  in  drops, .  This  appearance  is  aUo.seen  by  moon-  with  the  incident^  by  reason  of  the  greater  quantity  of  die 
light  (called  tbe  lunar  rainbow),  though  seldom  vivid  angles  of  refraction  at  its  incidence  and  emergence.  Thft 
enough  to  render  the  colours  distinguishable.  Also  it  is  rays  which  fall  for  a  considerable  space  in  the  vicinity  of 
sometimes  seen  on  the  ground,  wheq  tbe  sun  shines  on  a  that  point  of  incidence  with  which  the  greatest  angle  of 
very  thick  dew.  Cascades  and  fountains  too,  whtAe  emergence  corresponds,  will,  after  emerging,  form  an  angle" 
waters  are  in  their  fall  divided  into  drops,  exhibit  rain-  with  the  incident  rBysdiflferingiusensiblyfromthat  greatest 
bows  to  a  spectator,  if  properly  situated  during  the  time  angle,  and  consequently  wilt  proceed  nearly  parallel  to 
of  the  sun's  shining;  and  even  water  blown  violently  out  each  other;  and  those  rays  which  fall  at  a  distance  from 
of  the  mouth  of  an  observer,  standing  with  his  back  to  that  point  will  emerge  aivariousangles,  and  consequently 
Ihe  sun,  never  fails  to  produce  the  same  phenomenon,  will  diverge.  Now,  to  a  spectator,  whose  back  is  turmd 
The  artificial  rainbow  may  even  be  produced  by  candle-  towards  the  radiant  body,  and  whose  eye  is  at  aconsidera- 
light  on  tbe  water  which  is  ejected  by  a  si»all  fountain  or  hie  distance  from  the  globe  or  drop,  the  divergent  light 
jet  d'eau.  AH  these  are  of  [he  same  nature,  and  they  will  be  scarcely,  if  at  all,  perceptible ;  but  if  the  glob* 
depend  oti  the. same  causes;  some  account  of  which  is  as  be  so  situated,  that  those  rays  that  emerge  parallel  to  each 
follows.  other,  or  at  tlie  greatest  posMble  angle  with  the  incident, 

may  irrive  at  the  eye  of  the  spectator,  he  will,  by  means 
...^        of  those  rays,  behold  it  nearly  with  thesame  splendour  al 
any  distance. 

In  like  manner,  those  rays,  .which  fall  parallel  on  a 
globe,  and  are  emitted  after  two  reflections,  suppose  at 

5 g| -, fi J^^'7^'r-^^^^^''~—-~~^        ^^  points  F  and  o,  will  emerge  at  n   parallel  to  each 

other,  when  the  angle  they  make  with  the  incident  av  ia 
the  least  possible  ;  and  the  globe  must  be  seen  very  ra* 
splendent  when  its  position  is  such,  that  those  parall^ 
rays  fall  on  the  eye  of  the  spectator. 

The  quantities  of  these  aiigles  are  determined  by  calcu- 
lation, the  proportion  of  the  sines  of  incidence  and  r^ 
fraction  to  each -other  being  tnown.    And  this  proportion 
Let  the  circle ^WQQB  represent  a  drop  of  water,  or  a     being  different  in  rays  which  produce  different  colours, 

f;lobe,  upon  which  a  beam  of  parallel  light  falb,  of  which  the  angles  must  vary  in  each.  Thus  it  is  fbund,  that  tha 
ct  TB  represent  a  ray  falling  perpendicularly  at  B,  and  greatestangle  iu  rain  water  for  the  least  refrangible,  or  red 
which  consequently  either  passes  through  without  refrac-  rays,  emitted  parallel  after  one  reflection,  is  43°  %',  and 
tion,  or  ii  reflected  directly  back  from  g  :  suppose  an*  for  the  most  refrangible  or  violet  rays,  emitted  parallel 
other  ray  tk,  incident  at  x,  at  a  distance  from  b  ;  then  after  one  reflection,  40°  1?';  likewise,  a^er  two  reflections, 
this  will  be  refracted  according  to  a  certain  ratio  of  the  the  least  refrangible,  or  red  rays,  will  t>e  emitted  nearly 
sines  of  incidence  and  refraction  to  each  other,  which  in  parallel  under  an  angle  of  50°  57',  and  the  most  refran- 
rain  water  ia  as  539  to  396,  to  a  point  !■,  whence  it  will  gible,  or  violet,  under  an  angle  of  54°  7';  and  the  inter- 
be  in  part  transmitted  in  the  direction  hz  and  in  part  re-  mediate  coloura  will  be  emitted  nearly  paiullel  at  interme- 
Hected  to  M,  where  it  will  again  in  part  be  reflected,  and     diate  angles. 

in  part  transmitted  in  the  direction  hp,  being  inclined  to  Suppose  now,  that  o  is  the  spectator's  eye,  and  of  ft 
the  line  described  by  the  incident  ray  in  the  angle  top.  line  drawn  parallel  to  tbe  sun's  rays,  Bb,  ar,  so,  and  sk  i 
Another  ray  av,'  still  farther  from  a,  and  consequently  and  let  fob,  fof,  poo,  poh  be  angles  of  40°  17',  4Q°  2', 
incident  under  a  greater  angle,  will  be  refracted  to  a  50°  57',  and  S4°  J'  respectively ;  then  these  angles  turned 
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about  their  common  tide  of,  will  wilh  tbrir  other  sides 
VK,  or,  oo,  on,  dacribe  the  verges  of  the  tvfo  ninbows, 


as  in  the  figure.  For,  ITe,  f,  o,  h  be  drops  placed  any 
where  in  the  conical  superficies  described  by  ob,  of,  do, 
on,  and  be  illuminated  by  the  iun's  rnys  as,  s'f,  sg,  sit  ; 
.  the  angle  seo  Iw'ing  equal  to  the  Angle  POE,  or  40°  17', 
Mill  be  the  grcatctt  angle  in  which  the  most  refrangible 
rays  can,  after  one  lefloctipn,  be  refracted  to  the  eye,  and 
thtTefure  all  ihc  dnips  in  the  line  oe  must  send  ibu  most 
refrangible  rays  mqst  Copiousily  to  the  eye,  and  so  strike 
the  sense  witb  the  dcq>est  violet  colour  in  that  region.  Jn 
like  manner,  the  angle  sfo  being  equal  to  the  angle  tot, 
or  43°  2',  will  be  the  greatest  in  which  the  least  refran- 
gible rayseftei  one  reflection  can  emerge  out  of  the  drops, 
snd  therefore  those  rays  must  come  most  copiously  to  the 
eye  from  the  drops  in  the  line  of,  and  strilce  the  sense 
with  the  deepest  red  colour  in  that  region.  And,  by  the 
■ume  argumeni,  the  rays  which  bate  the  intermediate 
degrees  of  refrangibility  will  come  most  copiously  from 
drops  between  e  and  f,  and  strike  the  senses  with  the  in- 
termediate colours  in  the  order  which  their  degrees  of 
refrangibility  require;  that  it,'  in  the  progress  from  s  to 
r,  or  from  the  inside  of  the  bow  to  the  outside,  in  this 
order,  violet,  indigo,  blue,  green,  yellow,  orange,  red.  But 
the  violet,  by  the  mixture  of  the  white  light  of  the  clouds, 
will  appear  faint,  and  inclined  to  purple. 

Again,  the  angle  soo  being  equal  to  the  angle  fog,  or 
50°  57',  will  be  the  least  angle  in  which  the  least  refran- 
|ible  rays  can,  after  two  reflections,  emerge  out  of  the 
drops,  and  therefore  the  least  refrangible  rays  must  come 
must  copiously  to  the  eye  from  the  drops  in  the  line  og, 
and  strike  the  sense  with  the  deepest  red  jn  that  region. 
And  the  angle  suo  being  equal  to  the  angle  poh,  or  54°  7', 
will  be  the  least  angle  in  which  the  most  refrangible  rays, 
after  two  reflections,  can  emerge  out  of  the  drops,  and 
therefore  those  rays  must  come*raost  copiously  to  the  eye 
from  the  drops  in  the  line  oh,  and  strike  the  sense  with 
the  deepest  violet  in  that  region.  And,  by  the  same  argu- 
ment, the  drops  in  the  regions  between  o  and  h  wilt  strike 
the  sense  with  the  intermediate  colours  in  the  order  which 
their  degrees  of  tefrangibility  require  ;  that  is,  in  the  pro- 
gress from  o  to  H,  or  from  the  inside  of  the  bow  to  the 
outside,  in  this  order,  red,  orange,  yellow,  green,  blue, 
indigo,  and  violet.  And  since  the  four  line;  oe,  of,  oq, 
OH,  may  be  situated  any  where  in  the  above-mentioned 
conical  superficies,  what  is  said  of  the  drops  and  colours 
in  these  Lines,  is  to  be  understood  of  the  drops  and  colours 
every  where  in  those  superficies. 

Thas  there  will  be  made  two  bows  of  colours,  an  in- 
ti  lior  and  stronger,  by  one  reOecEion  in  the  drops,  and  an 


exterior  and  binler  by  two ;  for  the  light  becomes  fainter 
by  every  reflection  ;  and  their  colours  will  lie  in  a  con- 
trary order  to  each  other,  the  red  of  both  bows  bordering 
upon  the  space  of,  which  is  between  the  bows.  The 
breadth  of  the  interior  bow,  eof,  measured  across  the 
colours,  will  be  1°  16',  and  the  breadth  of  the  exterior 
OOH,  will  be  3"  10',  also  the  distance  between  iheni  Gop, 
will  be  8°  55',  the  greatest  semidiameter  of  the  inner- 
most, that  is,  the  angle  pof,  being  42°  2',  and  the  least 
semidiameter  of  the  outermost  por.  being  50°  57'.  These 
are  the  measures  of  the  bows  as  they  would  be,  were  the 
Via  but  a  points  but  by  the  breadth  of  his  disc,  the 
breadth  of  the  bows  will  be  increased  by  half  a  degree, 
and  their  distance  diminished  by  as  much;  so  that  the 
breadth  of  the  inner  bow  will  be  2°  15',  that  of  the  outer 
3°  40',  their  distance  8°  25';  the  greatest  semidianieter 
of  the  interior  bow  42°  17',  and  the  least  of  the  exterior  - 
50°  42'.  And  such  are  the  dimensions  of  the  bows  in 
the  heavens  found  to  be,  very  nearly,  when  their  colours 
appear  strong  and  perfect. 

The  light  which  comes  through  drops  of  rain  by  two 
refractions  without  any  rt-fleetion,  ought  to  appear  strong- 
est at  the  distance  of  about  2(i  degrees  from  the  sun,  and 
to  decay  gradually  both  ways  as  the  distance  from  the 
sun  increases  and  decreases.  And  the  same  is  to  be  un- 
derstood of  light  transmitted  through  spherical  hail- 
stones. If  the  hail  be  a  tittle  flatted,  as  it  often  is,  the 
light  transmitted  may  grow  so  strong  at  a  little  less  dis- 
tance than  that  of  36  ,  as  to  form  ^  halo  about  the  suti 
and  moon  ;  which  halo,  when  the  stones  are  duly  figured, 
may  be  coloured,  and  then  it  must  be  red  within,  by  the 
least  refrangible  rays,  and  blue  without,  by  the  most  re- 
frangible ones. 

The  light  which  passes  through  a  drop  of  rain  alter  (wo 
refractions,  and  three  or  more  reflections,  is  scarce  strong 
enough  lo  cause  a  sensible  bow. 

As  to  the  dimension  of  the  rainbow,  Descartes  first  de- 
termined its  diameter  by  a  tentative  and  indirect  method ; 
laying  it  down,  that  the  magnitude  of  the  bow  depends 
on  the  degree  of  refraction  of  the  fluid  ;  and  assuming  the 
ratio  of  the  sine  of  incidence  to  that  uf  refraction,  to  b« 
in  wuti^r  as  250  to  1 87.  But  Dr.  Halley,  in  the  Philos. 
Trans,  number  367,  gave  a  simple  direct  niclhocl  of  de- 
termining ihc  diumeter  of  the  rainbow  from  the  ratio  of 
the  refraclion  of  the  fluid  being  given  ;  or,  vice  versa,  the 
diameter  of  the  rainbow  being  given,  to  determine  the  re- 
fractive power  of  ihe  fluid.  And  Dr.  Halley's  principles 
and  construction  were  further  explained  by  Dr.  Morgan, 
master  of  Clare  Hall,  Cambridge,  in  his  Dissertation  on 
the  Rainbow,  among  the  notes  upon  Rohault's  System  of 
Philosophy,  parts,  chap,  1?. 

I'rom  the  theory  of  the  rainhi^w.all  the  particular  phe- 
nomena of  it  are  easily  deducible.  Hence  we  see,  Isl^ 
Why  the  iris  is  always  of  the  same  breadth  ;  because  the 
intermediate  d^rees  of  refrangibility  of  the  rays  between 
red  and  violet,  which  are  its  extreme  colours,  are  alway* 
[he  same. 

Sdly,  Why  the  bow  shifts  its  situation  as  the  eye  does; 
and,  according  to  the  popular  phrase,  flies  from  those  who 
follow  it,  and  follows  those  that  fly  from  it;  the  coloared 
drops  being  disposed  under  a  certain  angle,  about  the 
axis  of  vision,  which  is  diflercnl  in  dilferent  places: 
whence  also  it  follous,  that  every  different  spectator  sees 
a  Jifl'erent  bow. 

3dly,  Why  the  bow  is  sometimes  « larger  portion  of  a 
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circle,  sameliioes  a  ]ess :  it«  magnitude  depending  on  the 
greater  or  less  part  of  the  surface  of  the  cone,  above  the 
■arface  of  the  earth,  at  the  lime  of  ill  appearance;  and 
the  higher  the  sud  is,  the  lets  will  be  the  rainbow. 

4thly,  Why  the  bow  never  appears  when  the  sun  is  above 
a  certain  altitude  ;  (he  sur&ce  of  the  cone,  in  which  it 
•bouid  be  seen,  being  lost  in  the  ground  at  a  little  dis- 
lance  from  the  eye,  when  the  sun  is  above  12"  high. 

5cbly,  Why  the  bow  never  appears  greater  than  a  semi- 
circle, on  a  plane;  siuce,  be  the  sun  never  so  low,  and 
even  in  the  horizon,  the  centre  of  the  bow  is  still  in  the 
]ine  of  aspect  j  which  in  this  case  runs  along  the  earth, 
and  is  not  at  all  raised  above  the  surface.  Indeed  if  the 
spectator  be  placed  on  a  very  considerable  eminence,  and 
the  sun  in  the  horizon,  the  line  of  aspect,  in  which  the 
centre  of  the  bow  is,  will  be  considerably  raised  above  the 
liorizon.  And  if  the  eminence  be  very  high,  and  the  rain 
near,  it  is  possible  the  bow  may  be  an  entire  circle. 

6thly,  How  the  bow  may  chance  la  appear  inverted, 
or  the  concave  side  turned  upwards;  viz,  a  cloud  hap- 
pening to  intercept  the  rays,  and  prevent  their  shining 
on  the  upper  part  of  the  arch :  in  which  rate,  only  the 
lower  pan  appearing,  the  bow  will  seem  as  if  turned  up- 
■ide  down;  which  has  probably  been  the  case  in  several 
prodigies  of  tbis  kind,  related  by  authors. 

I^nor  Rainbow.  The  moon  sometimes  also  exhibits 
the  phenomt^non  of  an  iris,  by  the  refraction  of  her  rays 
in  the  drops  of  rain  in  the  night-time.  Aristotle  says,  he 
was  the  first  that  ever  observed  it ;  and  Adds,  it  is  never 
■een  but  at  the  time  of  the  full  moon ;  her  light  at  other 
times  being  too  faint  to  tiBeci  the  sight  after  two  refrac- 
tions and  one  reflection.  The  lunar  iris  has  all  the  colours 
of  the  solar,  very  distinct  and  pleasant ;  only  Winter,  both 
iron)  the  different  intensity  of  the  rays,  and  the  difierent 
disposition  of  the  medium. 

Maritte  Rainbow,  This  is  a  phenomenon  sometimes 
observed  in  a  much  a^tatediea  ;  when  the  wind,  sweeping 
part  of  the  tops  of  the  waves,  carries  them  up ;  so  that  the 
sun's  rays,  falling  upon  them,  are  refracted,  &c,  as  in  a 
common  shower,  and  there  paint  the  colours  of  the  bow. 
These  bows  are  less  distinguishable  and  bright  than  the 
common  bow :  but  then  they  exceed  as  to  numbera,  there 
beingsometimes  SO  or  30  seen  together.  They  appear  at 
noon  day,  and  in  a  position  opposite  to  that. of  the  com- 
mon bow,  the  concave  side  being  turned  upwards,  as  in- 
deed it  ought  to  be. 

RAIN-Gaoe,  an  instrument  for  mrasuring  the  quan- 
tity of  rain  thai  falls.  It  is  the  same  as  Ohbkom etbr, 
orPLtiviAUETEa;  which  see. 

RAKED  Table;  or  RakinO  Table,  in  Architecture,  a 
member  hollowed  in  the  square  of  a  pedestal. 

RAM,  in  Astronomy.     See  AniEs, 

Rau,  Ballering.     SeeBA-rrBRiNG  Hum. 

Ram  s-Hokh  s,  in  Fortification,  a  name  given  by  Belidor 
to  the  tenailles. 

RAMPART,  or  Rahpieb,  in  Fortification,  a  mbssy 
bank  or  elevation  of  earth  around  a  place,  to  cover  it  from 
the  direct  fire  of  an  enemy,  and  of  sufficient  thickness  to 
resist  the  efforts  of  their  cannon  for  many  days.  It  is 
formed  into  bastions,  curtains,  &c. 

Upon  the  rampart  the  soldiers  continually  keep  guard, 
and  'the  pieces  of  artillery  are  planted  for  defence.  Also, 
to  shelter  the  men  from  the  rnelny's  shot,  the  outside  of 
the  rampart  is  built  higher  than  the  rest,  i.  e.  a  parapet  is 
raised  upon  it  with  a  platform.    It  is  encompassed' with  a 


moat  or  ditch,  out  of  which  is  dug  the  earth  that  forms 
the  rampart,  which  is  raised  sloping,  thftt  the  earth  may 
not  slip  down,  and  having  a  berme  at  bottom,  or  is  other- 
wise fortified,  being  lined  with  a  facing  of  brick  or  stone. 

The  height  of  the  rampart  need  not  be  more  than  3  fa- 
thoms, Ibis  btring  sufficient  to  caver  the  houses  from  the 
battery  of  the  cannon  ;  neither  need  its  thickness  be  more 
than  10  or  12,  unless  more  earth  come  out  of  the  ditch 
than  can  otherwise  be  bestowed.— The  ramparis  of  half- 
moons  are  the  bette;*  for  being  low,  that  the  small  fire  of 
tbe  defendants  may  the  better  reach  the  bottom  of  the 
ditch  ;  yet  they  must  be  so  bigh  as  not  U>  be  commanded 
by  the  covert- way. 

Rahfakt  is  also  used,  iu  civil  architecture,  for  the  *oid 
space  left  between  the  wall  of  a  city  and  the  houses.  This 
is  what  the  Romans  called  PomoDrium,  where  it  was  for- 
bidden to  build,  and  where  they  planted  rows  of  trees  for 
the  people  to  walk  and  amuse  themselves  under. 

RAMSDEN(Jbssb),  v.  r.s.  an  excellent  optician  and 
mechanist,  was  born  at  Hali&x  in  Yorkshire,  1730  ;  and 
died  at  Brigbthelmstone,  Nov.  J,  ISOO.  He  served  his 
apprenticeship  in  his  native  place,  to  (he  trade  of  a  hot- 
presser ;  after  which,  about  1761,  became  to  London,  and 
applied  himself  to  engraving.  In  the  course  of  this  em- 
ployment, mathematical  instruments  were  often  brought 
to  him  to  be  engraved,  which  induced  him  to  try  his  ge- 
nius in  that  way ;  and  with  such  success,  that  by  the  year 
17^3  he  made  instruments  for  several  of  the  best  artists. 
Soon  after  his  coming  up  to  London,  be  married  the 
daughter  of  Mr.  Dollond,  the  celebrated  optician  in  St 
Paul's  Church-yard ;  by  which  means  be  was  introduced 
to  the  knowledge  of  a  profession  in  which  bis  genius  en^ 
bled  him  to  excel,  and  attract  the  approbation  of  the  pub- 
lic, in  the  same  manner  as  bis  private  worth  endeared  bim 
to  society.  In  1763  he  opened  a  shop  in  the  Hayroaiiet ; 
but  in  1775  he  removed  to  PiccadiUy,  where  be  carried  oB 
business  till  his  death. 

Mr.  R.  grently  improved  Hadley's  quadrant,  or  ttx- 
tant;  and  he  invented  a  curious  machine  for  dividing  ma- 
thematical instruments  ;  for  which  discovery  he  received 
a  premium  from  the  board  <^  longitude.  He  alsoimproved 
the  construction  of  the  theodolite,  as  well  as  the  beromc- 
ter  for  measuring  the  heights  of  mountains.  The  pyroma* 
ter  for  measuring  the  dilatation  of  bodies  by  heat,  also 
employed  his  talents  ;  and  he  made  many  important  dis- 
coveries and  improvements  in  optics.  But  his  astrono- 
mical instruments  appear  to  have  been  the  principal  of  his 
works.  He  improved  the  refracting  micrometer,  as  also 
tbe  transit  instrument  and  quadrant.  He  procured  a  po- 
tent for  ah  improved  equatorial.  His  mural  quadrants 
were  excellent,  and  much  sought  for. — Mr,  Ramsden  was 
chosen  a  fellow  of  the  Royal  Society  in  1786.— Being  al- 
ways of  a  slender  frame  of  body,  as  well  as  of  delicate  con- 
stitution, in  his  latter  years  hi  a  health  gradually  declined; 
to  recruit  which,  he  bad  retired  to  Brigbthelmstone,  where 
he  died  as  before  observed. 

RAMUS  (Petbr),  a  celebrated  French  mathematician 
and  philosopher,  was  born  in  1515,  in  a  village  of  Verman- 
dois  in  Picardy.  He  was  descended  of  a  respectable  family, 
which  had  been  reduced  to  extreme  poverty  by  the  wan 
and  other  misfortunes.  Bis  own  life  too,  aays  Bayle,  was 
tbe  sport  of  fortune.  In  his  infancy  he  was  twice  attacked 
by  the  plague.  At  an  early  age,  a  thirst  for  learning 
urged  bim  to  go  to  Paris ;  but  he  was  soon  forced  by  po- 
verty to  leave  that  city.  He  returned  to  it  again  as  so«a 
20  2 
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V  lie  could  ; '  but,  Being  unable  to  support  himself,  lie  left  lo  far,  that  a  miiutter,  who  had  &  good  living,  wu  very 
it  a  KCond  time ;  yet  bis  passion  for  study  nas  so  violent,  ill  treated  by  theni ;  and  caused  to  be  ejected  iVom  hi» 
thnt  notwithstanding  his  bad  success  in  the  two  former     beneGco  for  having  pronounced  quitquii,  juon^uam, 


visits,  he  ventured  on  a  third.  He  was  maintained  the 
■ome  months  by  one  of  his  uncles ;  after  nliich  he  wa^ 
obliged  to  become  a  semnt  in  the  college  of  Navarre. 
Here  be  speat'the  day  in  wailing  on  his  masters,  and  the 
greatest  part  of  the  night  in  study. 

After  having  finished  classical  leafning  and  rhetoric,  he 
It  through  a  course  of  philosophy,  which  I 


cording  to  the  new  way,  instead  of  kiskU,  kimiam,  accord- 
ing  to  the  old.  The  miniiter  applied  to  the  parliament ; 
and  the  royal  professors,  wiib  Ramus  among  iheoi,  (caring 
he  would  fall  a  victim  to  the  credit  and  auibority  of  the 
faculty  of  divines,  for  presuming  to  pronounce  the  Latin 
tongue  according  lo  their  r^ulations,  thought  it  incum- 
bent on  them  to  assist  him.     They  accordingly  » 


three  years  and  a  half  in  the  schools;  but  the  thesis,  which  court  of  justice,  and  represented  in  such  strong  ti 
he  made  for  his  niaster-of'arts  degrees,  offended  every  one ; 
for  he  maintained  in  it,  that  all  that  Aristotle  had  ad- 
vanced was  false;  and  he  gave  very  good  answers  to  the 
objections  of  the  professors.  This  success  encouraged  him 
to  examine  the  doctrine  of  Aristotle  more  closely,  and  to 
combat  it  vigorously  :  but  he  confined  himself  chiefly  to 
his  logic.  The  two  first  books  he  published,  the  one  en- 
titled,  Institutiones  Dialecticte,  the  other  AristotclicEB 
'Animadversiones,  occasioned  great  disturbances  in  the 
university  of  Paris.  The  professors  there,  who  were  ship,  and  obligvd  to 
adorers  of  Aristotle,  ought  to  have  refuted  Ramos's  books,     with  the  king's  li 


s  (he 
indignity  of  the  prosecution,  that  the  minister  was  cleared, 
and  every  person  had  the  liberty  of  pronouncing  as  he 
pleased. 

Ramus  was  bred  up  in  the  Catholic  religion,  but  after- 
wards deserted  it.  He  first  began  to  discover  his  new 
principles  by  removing  the  images  from  the  chapet  of  hit 
college  of  Presle,  in  1552.  On  this  account  such  a  pcr- 
raised  against  him  liy  the  religionists,  as  well 
Aristotelians,  that  he  was  driven  out  of  his  profcssor- 
[nsclf.  For  thqt  purpose, 
Fontainbleau  ;  where,  by 
if  they  could,  by  writings  and  lectures  :  but  instead  of  the  help  of  books  in  the  king's  library,  he  prosecuted  geo- 
confining  themselves  within  the  Just  boundi  of  academical  metrical  and  aecronomical  studies.  As  soon  as  his  enemiei 
Ivars,  they  prosecuted  this  anti-peripatetic  before  the  civil  found  out  his  retreat,  they  renewed  their  pirsecutiotis; 
magistrate,  as  a  roan  who  was  going  to  gap  the  foundations  and  he  was  forced  to  conceal  himself  in  several  other 
of  religion.  They  raised  such  clamoura,  that  the  cause  places.  In  the  mean  time,  his  curious  and  excellent  col* 
was  carried  before  the  parliament  of  Paris:  but,  perceiving  lection  of  books  in  the  college  of  Presle  was  plundered: 
that  it  would  be  examined  equably,  hit  enemies  by  their  but  after  a  peace  was  concluded  in  1563,  between  Cbatlei 
intrigues  took  it  from  that  tribunal,  to  bring  it  before  the     the  pth  and  the  Protestants,  he  again  took  possession  of 


king's  council,  in  1513.  The  king  ordered,  that  Ramus 
«nd  Anthony  Govea,  who  was  his  principal  adversary, 
(hould  choose  two  judges  each,  to  pronounce  on  the  con- 
troversy, after  they  should  have  ended  their  disputation: 
while  he  himself  appointed  a  deputy.  Ramus  appeared 
before  the  five  judges,  though  three  of  them  were  his  de- 
clared enemies.  The  dispute  lasted  two  days,  and  Govea 
-had  all  the  advantages  be  could  desire ;  Ramus's  books 
being  prohibited  in  all  parts  of  the  kingdom,  and  their  t 


iployment,  maintained  himself  in  it  with  vigour,  and 
was  particularly  zealous  in  promoting  the  study  of  the 

This  continued  till  the  second  civil  war  in  1567,  when 
he  was  forced  to  leave  Paris,  and  shelter  himself  among 
the  Hugonots,  in  whose  army  he  was  at  the  battle  of  Su 
Denys.  Peace  having  been  concluded  some  months  after, 
he  was  restored  lo  his  professorship  ;  but,  foreseeing  that 
would  soon  break  i 


thor  sentenced  not  to  leach  philosophy  any  longer;  upon  venture  himself  in  a  fresh  storm,  and  therefore  obtained  the 

which  his  enemies  triumphed  in  the  most  indecent  manner,  king's  leave  to  visit  the  universities  of  Germany.     He  ac- 

The  year  after,  the  plague  made  great  havoc  in  Paris,  cordingly  undertook  this  journey  in  1568,  and  received 

and  forced  most  of  the  students  in  the  college  of  Presle  to  great  honours  wherever  he  came.     He  returned  to  France, 

quitit;  butRamus,  being  prevailed  on  to  teach  in  it,  soon  alter  the  third  war  in  1571;  and  lost  his  life  miserably, 

drew  together  a  great  number  of  auditors.     The  Sor bonne  in  the  massacre  of  St.  Bartholomew's  day,  1573,  at  57 

attempted  in  vain  to  drive  him  from  that  college;  for  he  years  of  age.     It  is  said,  that  he  was  concealed  in  a  gra- 

hetd  the  headship  of  that  house  by  arr^  of  parliament :  -nary  during  the  tumult;  but  discovered  and  draped  out 

and  through  the  patronage  and  protection  of  the  cardinal  by  some  peripatetic  doctors  who  hated  him  ;  who,  after 

of  Lorrain,  he  obtained  from  Henry  the  3d,  in  154>7,  the  stripping  him  of  all  his  money  under  pretence  of  preserving 

liberty  of  speaking  and  writing,  and  the  regal  professorship  his  life,  gave  him  up  to  theass^sins,  who,  after  ctittiag  his 

of  philosophy  and  eloquence  in  ^1551.     The  parliament  of  throat  and  giving  him  many  wounds,  threw  him  out  of  the 

Paris  had,  before  this,  maintained  him  in  the  liberty  of  window ;  and  his  bowels  gushing  out  in  the  fall,  some 

Joining  philosophical  lectures  to  those  of  eloquence  J  and  Aristotelian     scholars,    encouruged    by    their    masters, 

this  arr^t  or  decree  had  put  an  end  to  several  prosecutions,  spread  them  about  the  streets  ;  then  dragged  his  body  in 

which  Ramus  and  his  pupils  had  suffered.     As  soon  as  fie  a  most  ignominious  manner,  and  threw  it  into  the  river. 
was  made  regius  professor,  he  was  fired  with  a  new  zeal         Ramus  was  a  great  orator,  a  man  of  universal  learning, 

for  improving  the  sciences,  notwithstanding  the  hatred  of  and  endowed  with  veiy  fine  qualities.     He  was  sober,  teny.    - 

bis  enemies,  who  were  never  at  rest.  perate,  and  chaste.     He  ate  but  tittle,  and  that  of  boiled' 

Ramusborcat  that  timea  part  in  a  very  singular  affair,  meat;  and  drank  no  wine  till  the  latter  part  of  his  life. 


About  the  year    1550,  the    royal  professors  corrected, 
among  other  abuses,  that  which  had  crept  into  the  pro- 
nunciation of  the  Latin  tongue.     Some  of  the  clergy  foi- 
led this  regulation;  but  the  Sorbonnists  were  much 


when  it  was  prescribed  by  the  physicians.  He  lay  upon 
straw;  rose  early,  and  studied  hard  all  day;  and  led  a 
single  life  with  the  utmost  purity.  He  was  zealous  for  the 
protettant  religion,  but  at  the  same  time  a  little  obstinate. 


'  offended  at  it  as  an  innovation,  and  defended  the  old  pro-    and  given  to  contradiction.     The  protestant  ministers  did 
nunciation  with  great  leol.    Things  at  length  were  carried    not  love  him  much,  for  he  made  himself  a  kind  of  head 
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ol  a  pirty,  to  change  th«  discipline  of  the-  proteslant 
churcbes  :  bia  design  was  to  introduce  a  democraticftl  go- 
vemment  in  the  church,  but  this  design  was  traversed,  and 
defeated  in  a  national  synod,  dissect  flourished  however 
for  some  time  arcerwards,  spreading  pretty  much  in  Scot- 
tend  and  England,  and  still  mtin:  in  Germany. 

He  published  a  great  many  bonks ;  but  matbcroalics 
Mas  chiefly  obliged  lo  him.  Of  this  kind,  his  writings 
were  principally  these  following': 

1.  Scholarum  Mathcmaticarum  libri  31> 

2.  Arithmetics  libri  duo.— Algebrs  libri  duo. — Geo- 
metrix  libri  27. 

These  were  greatly  Enlarged  and  explained  by  Schoiier, 
and  published  in  2  volumes  4to.  There  were  several  edi- 
tions of  them  ;  mine  is  that  of  l627,  at  Frankfort.— The 
geometry,  which  h  chiefly  practical,  was  translated  into 
English  by  William  Bedwell,  and  published  in  4to,  at 
l«ndon,  1636. 

3.  He  published  also  a  singular  book  on  geometry, 
being  the  15  books  of  Euclid  ;  containing  only  the  defini- 
tiotis,  and  general  enunciations  of  the  propositions,  without 
diagrams  or  demonstrations.  In  a  kind  of  preface,  he  says 
he  thinks  it  better  for  the  teacher  to  suppress  these.  Paris, 
1558,  4to,  fol.  44. 

RaNDUM-Suot,  is  a  shot  discharged  with  the  axis  of 
the  gun  elevated  above  the  horizontal  or  point-blank  di- 
rection. 

Random,  of  a  shot,  also  sometimes  means  the  range  of 
it,  or  the  distance  to  which  it  goes  at  the  first  graZ^,  or 
where  it  strikes  the  ground.     See  Hanqe. 

RANGE,  in  Gunnery,  sometimes  means  the  path  a  shot 
^ies  in.     But  more  usually 

Rang  e  means  the  distance  to  which  (ht  shot  flies  when 
it  strikes  the  ground  or  other  object,  called  also  the  ampli- 
tude of  the  shot.      But  range  is  the:  term  in  present  use. 

Were  it  not  for  the  resistance  of  the  air,  the  greatest 
range,  on  ^  hi>rizontBi  plane,  wiiuld  be  when  the  shot  is 
discharged  at  an  angle  of  45°  above  the  horizon  ;  and  all 
other  ranges  would  be  tlie  less,  the  more  the  angle  of  ele- 
vatioD  is  above  or  below  45°  ;  but  so  as  that  at  equal  di- 
stances above  and  below  45°,  the  two  ranges  are  equal  to 
each  other.  But,  on  account  of  the  resistance  of  the  air, 
the  ranges  are  altered,  and  that  in  diflerent  proportions, 
both  for  the  different  sizes  of  the  shot,  and  their  different 
velocities  :  so  that  the  greatest  range,  in  practice,  always 
.lie*  below  the  elevation  of  45°,  and  the  more  below  it  as 
the  shot  is  smaller,  and  as  its  velocity  is  greater ;  thus 
the  smallest  balls,  discharged  with  the  greatest  velocity  in 
practice,  range  the  farthest  with  an.  elevatioti  of  30"  or 
under,  nbile  the  largest  shot,  with  very  small  velocities, 
range  farthest  with  nearly  45°  elevation ;  and  at  all  the  in- 
termediate decrees  in  the  o^er  cases.     Sec  Projectiles. 

RARE,  in  Physics,  is  the  quality  of  a  body  that  is  very 
porous,  whose  parts  are  at  a  great  distance  from  one  ano- 
tiier,'and  which  contains  buf  little  matter  under  a  great 
magnitude.  In  which  -sense  rare  stands  opposed  to  dense. 
-  The  corpuscular  philosophers,  viz,  the  Epicureans,  Gas- 
sendists,  Newtonians,  &c,  assert  that  some  bodies  are  rarer 
than  others,  in  virtue  of  a  greater  quantity  uf  pores,  or  of 
vacuity  lying  between  their  parts  or  particles.  The  Car- 
tesians bold,  that  a  greater  rarity'  only  consists  in  a  greater 
quantity  of  materia  subtilis  contained  in  the  pores.  And 
lastly,  the  Peripatetics  contend,  that  rarity  is  a  new  qua- 
lity superinduced  on  a  body,  without  any  dependence  on 
eitlier  vacuity  or  subtile  matter. 


RAREFACTION,  in  Fhysin,  the  rendering  a  body 
rarer,  that  is  bringing  it  to  expander  occupy  more  room 
or  space,  without  the  accession  of  new  matter:  being  thui 
opposed  to  condensation.  The  more  accurate  writers  re- 
strict the  term  ratcfactiou  to  that  kind  of  expansion  which 
is  efl(:cted  by  means  of  heat :  and  the  expansion  from  olHet 
causes  they  term  Dilatation ;  if  indeed  thera  he  other 
causes;'  for  though  some  philosophers  have  attributed  it 
to  the  action  of  a  repulsive  principle  in  the  matter  itself; 
yet  from  the  many  discoveries  concerning  the  nature  and 
properries  of  the  eieClric  fluid  and  fire,  there  is  great  rea- 
son to  believe  that  this  repulsive  principle  is  no  other  than 
elementary  fire. 

The  Cartesians  deny  atiy  such  thing  as  absolute  rare- 
faction :  extension,  according  to  them,  constiluting  the 
essence  of  matter,  being  obliged  to  hold  all  extensloB 
equally  full.  Hence  they  make  rarefaction  to  be  no  other 
than  an  accession  of  fresh,  subtile,  and  insensible  matter, 
which,  entering  the  parts  of  bodies,  sensibly  distends  them. 

it  is  by  rarefaction  that  gunpowder  has  its  effect ;  and  to 
the  same  principle  also  wa  owe  eolipiles,  thermometers, 
&c.  As  to  the  air,  the  degree  to  whicliit  is  rareliable  exp 
ceedsall  imagination,  experience  having  shown  it  to  be  far 
above  10,000  times  more  than  the  usual  state  of  the  at- 
mosphere; and  as  it  is  found  to  be  above  1500  dmee 
denser  in  gunpowder  than  the  atmosphere,  it  follows  that 
experience  has  found  it  differ  by  about  15  millions  of  times. 
Perhaps  indeed  its  degree  of  expansion  is  absolutely  be- 
yond all  limits.  .  . 

Such  immense  rarefaction,  Newton  observes,  is  incon- 
ceivable on  any  other  principle  than  that  of  a  repelling 
force  inherent  in  the  air,  by  which  its  particles  mutually 
fly  from  one  another.  This  repelling  force,  he  observes, 
is  much  more  considerable  in  air  than  in  other  bodies,  as 
being  generated  from  the  most  fixed  bodies,  and  that  with 
much  difliculty,  and  scarcely  without  fermentation  ;  thosa 
particles  being  always  found  to  fly  from  each  other  with 
the  greatest  force,  which,  when  in  contact,  cohere  thtt. 
most  firmly  together.  See  Aia. 

On  the  rarefaction  of  the-  air  Is  founded  the  useful  me- 
thod of  measuring  altitudes  by  the  barometer,  in  all  the 
cases  of  which,  the  rarity  of  the  air  is  found  to  be  Inversely 
as  the  force  that  compresses  it,  or  inversely  as  the  weight 
of  all  the  air  above  it  at  any  place. 

RARITY,  thinness,  subtlety  ;  the  contrary  to  density. 

RATCH,  or  Rash,  in  Clock- Work,  a  kind  of  wheel 
having  12  fangs,  which  serve  to  lift  up  the  detents  every 
hour,  to  make  the  clock  strike. 

HATCHETS,  in  a  Watch,  are  the  small  teeth  at  the 
bottom  of  the  fusee,  or  barrel,  that  stop  it  in  winding  up. 
,  RATIO,  according  to  Euclid,  is  the  habitude  or  rela- 
tion of  two  magnitudes  of  the  bame  kind  in  respect  of 
quantity.  So  the  ratio  of  2  lo  1  is  double,  that  of  3  to  1  ■ 
triple,  &c.  Several  mathematicians  have  found  fault  with 
Euclid's  defljiition  of  a  ratio,  and  others  have  as  n)ucb  de- 
fended it,  especially  Dr.  Barrow,  in  his  Mathematical 
Lectures,  with  great  skill  and  learning. 

Ratio  is  sometimes  confounded  with  proportion,  but 
very  improperly,  as  being  quite  different  things  ;  for  pro- 
portion is  the  similitude  or  equality  or  identity  of  two  r&- 
tioa.  So  the  ratio  of  6  to  2  is  the  same  as  that  of  3  to  1, 
and  the  ratio  of  15  to  5  is  that  of  3  to  1  also ;  and  there- 
fore  the  ratio  of  6  to  2  is  similar  or  equal  or  the  samewith 
that  of  15  to  5,  which  constitutes  proportion,  being  thiu 
e.<(preHcd,  6  11  to  3  as  I5  to  5,  or  thus  6:2::  15 :  5> 
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which  moans  the  nme  thing.    So  tbat  ratio  exi«t>  b«-  lity,  Submnltiplex  lubsaperpanieni.    Particular!;,  in  the 

tween  two  lenns,  but  proportion  between  two  ratios  or  four  furmer  case,  if  the  exponent  be  |  or  2|,  the  ratio  ii  called 

terms.  Dupla  tuperbipartiBM  tertias ;  if  y  or  S^^,  Tripla  super- 

The  two  quantities  ^at  arc,  compared,  are  called  the  biquailripartiens  septiroas,  &c.     In  the  latter  case,  if  the 

Terms  of  the  rsiiu,  as  6  and  2 ;  the  lirst  of  these  6  being  exponent  be  |,  the  .rabo  is  called  Subdupla  tubsuperbi- 

called  the  Antecedent,  and  the  latter  2  the  Consequent,  partiens  tertias ;  if  ^  Subtripls  Bubsuperquadripartiens 

D  the  Index  or  Exponent  of  the  ratio,  is  the  quotient  septin: 


of  the  two  terms :  so  the  index  of  the  ratio  of  6  to  2  is  { 
or  3,  and  which  is  therefore  called  a  Triple  ratio. 

Wol&us  divides  ratios  into  Rational  and  Irrational. 

Salional  Rati9  is  Chat  which  can  be  expressed  between 
two  rational  numbers ;  as  the  ratio  of  6  to  3,  or  of  6^3 
to  -/^i,  3  to  I.     And 

Irrational  Ratio  is  that  which  cannot  be  expressed  "by 


that  of  one  r 


lal  r 


niber  to  another;  as  the  ratio  of    more  other 


These  are  the  various  denominations  of  rational  ratios, 
names  which  are  very  necessary  to  the  reading  of  the  an- 
cient authors  ;  though  they  occur  but  rarely  among  the 
modern  writers,  who  use  instead  of  them  the  smallest  nu- 
meral terms  of  the  ratios  ;  such  as  3  to  I  for  duple,  and  3 
to  2  for  legquialterate,  &c. 

Compwmd  Ratio,  is  that  which  is  made  up  of  two  or 


which 


Vfito  ^2.  or  of  ^3  to  root  ,/l,  that  is  ^3  to  i 
cannot  be  expressed  in  rationnl  numbers. 

When  the  two  terms  of  a  ratio  are  equal,  the  ratio  is 
said  to  he  that  of  Equality  ;  ai  of  3  lo  3,  whose  index  is 
1,  denoting  the  single  or  equal  ratio.  Uut  when  the  terms 
■re  not  equal,  as  of  6  to  3,  it  is  a  Ratio  of  Inequality. 

Further,  when  the  antecedent  is  the  greater  term,  as  in 
6  to  3,  it  is  said  to  be  the  Ratio  of  Greater  Inequality: 
but  when  the  antecedent  is  the  less  term,  as  in  the  ratio 
of  3  to  6,  it  is  said  to  be  the  Ratio  of  Leu  Inequality. 


[,  by  multiplying  the  exponents  toge- 


ihe  former  case,  if  the  less  term  be  an  aliquot  part  of  the     multiplicate  ratios  of 


ther,  and  so  producing  the  compound  ratio  of  the  pro- 
duct of  all  the  antecedents  to  the  product  of  all  the  con- 
sequents.    Thus  the  compound  ratio  of  5  lo    3, 
and  7  to    4, 

is  the  ratio  of  - 35  to  13. 

Particularly,  if  a  ratio  be  compounded  of  two  equal  ra- 
tios, it  is  called  the  Duplicate  ratio  ;  if  of  three  equal  ra- 
tios, the  Triplicate  ratio  ;  if  of  four  equal  ratios,  the  Qua- 
druplicate ratio  ;  and  so  on,  according  to  the  powers  of 
ponents,  foralt  Multiplicate  ralioi.     So  the  several 


'greater,  the  rbtio  of  greater  inequality  i*  said  to  be  Multi- 
plex or  Multiple  ;  and  the  catio  of  the  less  inequality. 
Sub-multiple.  Furticularly,  in  the  first  case,  if  the  expo- 
nent of  the  ratio  be  3,  as  in  6  to  3,  the  ratio  is  called 
Duple  or  Double ;  if  S,  as  in  6  to  3,  it  is  Triple  ;  and  so  on. 
In  the  second  case,  if  the  ratio  be  i,  as  in  3  to  6,  the  ratio 
is  called  Subduple;  if  |,  as  in  2  to  6,itis  Subtripte;  and 
so  on. 

If  the  greater  term  contain  the  less  once,  and  one  ali- 
quot part  of  the  same  over ;  the  ratio  of  the  greater  in-     a  :  b,  and  na  :  itb,  and  —  :  — 


equality  is  called  Superparticular,  and  the  ratio  of  the  IcM 
Subtuperparticutar,  Particularly,  in  the  first  case,  if  the 
exponent  be  I  or  1),  it  is  called  Sesquialterate;  iff  or  1^, 
Sesquitertial ;  tec.  In  the  other  case,  if  the  exponent  be 
f,  the  ratio  is  called  Suhsesquialterate  ;  if  j,  it  is  snbtet- 
quitertial. 

When  the  greater  term  contains  the  less  once  and  seve- 
ral aliquot  parts  over,  the  ratio  of  the  greater  inequality  is 
called  Suprrpartiens,  and  that  of  the  less  inequality  is 
Subttuperpartiens.  Particularly,  in  the  former  case,  if  the 
exponent  be  ^  or  I},  the  mtio  is  called  Superbipartiens ter- 
tias ;  if  thcPKpom'ntLe^or  l},SupertripBrtienii  quartas; 
if-y-or  if,  Supcrquadri  par  liens  septimas;  &c.  In  the 
latter  case,  if  the  exponent  be  the  reciprocals  of  (he  for- 
mer, or  |,  the  ratio  h  catU'd  Subsuperhipartiens  tertias ; 
if  ^,  Subsupertripartiens  quartas; 
partii-iis  M'ptiinas ;  &c. 

When  the-  greater  term  contains  the  less  several  times, 
and  ijomi'  dup  part  over  ;  the  ratio  of  the  greater  inequa- 
lity is  called  Muliiplex-superparticulHr ;  and  the  ratio  of 
the  less  inequulity  is  called  Submultiplex  subsuperparti- 
cular.  ParticulHily,  in  the  former  case,  if  the  exponent 
be  I  or  2),  the  ralio  is  called  Dupla  sesquialtera ;  if  y 
or  3{,  Tripla  sr^qniquarla,  &c.  In  the  latter  case,  if  the 
exponent  be  \,  the  ratio  is  called  Subdupla  subsesquial- 
tera  ;  iV-^,  Subtriplasubsesquiquarta,&c.  LasUy,  when 
the  greater  icrra  contains  the  less  several  times,  and  several 
aliquot  parta  over ;  the  ratio  of  the  greater  inequality  is 
called  Multiplex  sup^artiens;  that  of  the  Jess  inequa- 


the  simple  ratio  of  -  -     3  to  3,  are  thus,  vis, 
the  duplicate  ratio  -  •     0:4, 
the  triplicate  ratio  -  -  37   :  8, 
the  quadruplicateratio  SI  :  10,  &c. 
Pn^xrtia  qf  Ratios.    Some  of  the  more  remarkable 
properties  of  ratios  are  as  follow : 

1.  The  like  multiples,  or  the  like  parts,  of  the  termi  of 
a  ratio,  have  the  same  ratio  as  the  terms  themselves.     So 

'e  all  the  same  ratio- 

2.  If  to,  or  from,  the  terms  of  any  ratio,  be  added  or 
subtracted  either  their  like  parts,  or  their  like  multiples, 
the  suma  or  remainders  will  still  have  the  same  ratio.     So 

fr,  and  a  ±  na  :  &  ±  n*,  and  a  ±  r  =  *  :t  ^  bk  all 


±na:b±nk,tMda±  \ 
the  same  ratio. 

3.  When  there  are  several  quantities  in  the  same  con* 
tinued  ratio,  a,b,  c,  dit,lic;  whatever  ratio  the  first  hat 
to  the  3d, 

the  1st  to  the  3d  has  the  duplicate  of  that  ratio, 

the  1st  to  the  4th  has  the  triplicate  of  that  ratio. 

the  1st  to  the  Sth  has  the  quadruplicate  of  it, 
and  so  on.  Thus,  the  terms  of  iheu:ontinued  ratio  being 
1,  r,  r*,  f«,  r',  r',  &c,  where  each  turm  has  to  the  follow- 
Subsiiperquadri-  »ng  one  ihc  ratio  of  l,lor,  the  ratio  of  the  ist  to  the  3d; 
then  1 :  r'  is  the  duplicate,  1  :  r'  the  triplicate,  I  :  r'  the 
quadruplicate,  and  so  on,  according  to  the  powers  of  1  :  r. 

For  other  properties  see  PaoPoRTiov. 
>  To  appTOxinuitt  lo  a  RiiTio  in  tmalier  Timu, — Dr.  Wal- 
lis,  in  a  small  tract  at  the  end  of  Horrox's  works,  treats 
of  the  nature  and  solution  of  this  problem,  but  in  a  very 
tedious  way  ;  and  be  has  prosecuted  the  same  lo  a  great 
lei\gth  in  his  Algebra,  chap.  10  and  11,  where  he  particu- 
larly applies  it  to  the  ratio  of  the  diameter  of  a  circle  to 
its  circumference.  Mr.  Huygent  too  has  given  a  solution, 
with  the  reasons  of  it,  in  a  much  shorter  and  more  Statu- 
ral way,  in  his  Descrip.  Autom.  Planet.  Opera  Rdiqua, 
vol.1,  pa.  17i.     The  same  has  also  Mr.  Cotes,  at  the  be- 
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ginning  of  bis  Harmon. -Alens Q ram ra.  And  several  other 
persons  have  done  the  same  thing,  by  the  lame  ur  simiUr 
methoiis. 

The  problem  is  very  useful,  for  expressing  a  ratio  in 
small  numbers,  that  shall  be  acar  enough  in  practice,  to 
any  given  ratio  in  large  numbers,  such  as  that  of  the  Jia- 
met^r  of  a  circle  to  its  circumference.     The  principh 
sU  these  mcthoda,    consists  in  reducing  the  terms  of 
proposed  ratio  into  a  ai'rifS  of  what  are  called  continued  .^.^ 

fractions,  by  dividing  the  greater  term  by  the  less,  and  the     of  these,  viz,  — ,  being  the  spprpximation  of  Archimedes 


—  =  ~-j —  as  ~  =  — ,  the  Sd  »alu«j 

■  c  MAS  4-  a  838  c        1      „  ■        ■ 

T  =  7nTT7  =  TSi  =  -F'  ^^^  ^'*  '"^"*= 

—  =    jmj  J  _^'      ^^  77J  =  T*  the  4tb  value ;«Dd»i> 
where  the  successive  continual  approximating  values 

of  the     of  the  proposed  ratio  are  — ,   — ,  — ,  ~,  &c;  the  2d 


less  by  the  ri-maindtr,  and  so  on,  always  the  last'divisor 
by  the  last  remainder,  after  the  manner  of  finding  the 
greatest  common  iaea«ure  of  the  two  terms ;  then  con- 
necting all  the  quotients  &c  together  in  a  series  of  con* 
tinued  fractions;  and  lastly    collecting  gradually  these 

fractions   together  one  after  another.     So  if  -    be  any 
fraction,  or  the  exponent  of  atiy  ratio;  then  dividing  thus, 
a)  b  (c 

k)f_ii 
k)_h_[l 
&c, 
gives  c,  e,g,i,  &c,  for  the  several  quotients,  anti  thi 


and  the  4th,  viz,  ~,  is  that  of  Metius,  nhich  is  very 
near  the  truth,  being  equal  to        -        -     3-1415929, 
the  more  accurate  ratio  bting  -         -     31+159^7. 

7^  Doctrine  of  Ratio*  and  Proportions,  as  delivered  by 
Euclid,  in  the  fifth  book  of  Lis  Elements,  is  considered 
by  must  pL'TMons  as  very  obscure  and  objectionable,  parti- 
cularly the  definition  of  proportional iiy  ;  and  several  in- 
genious men  have  endeavoured  to  elucidate  that  subject. 
Among  these,  the  Rev.  Dr.  Abram  Hobirlson,  of  Oxford, 
profes.  of  Astron.  printed  a  ntat  little  paper  therein  1789, 
for  the  use  of  his  classes,  being  a  dtmunjtratioii  of  that 
definition,  in  7  propositions,  the  substance  of  which  is  as 
follows.     He  first  premises  this  advertisement : 

"  As  demonstrations  depending  upon  proportionality 
pervsMle  every   branch  of  mathematical  science,  it  is  s 


gives  c,  v,g,i,  ixct  lor  inc  kicibi   quuuenu,   bqv    [UBie,      r— j     --    1  --   --  — 

formed  in  the  usual  way,  give  tbe  approximate  value  of     matter  of  the  highest  importance  to  establish  it  upon  cleat 


the  given  ratio  in  a  series  of 


Then  collecting  the  terms  of  this  series,  one  after  another, 
■o  many  values  of —  are  obtained,  always  nearer  and 
nearer;  tbe  first  value  being  c  or  — ,  the  next 


:d' fractions;  thus,      -.   *"**  indisputable  principles.     Most  mathematicians,  both 
ancient  and  modern,  have  been  of  opinion  that  Euclid  has 
fallen  short  of  his  usual  perspicuity  in  this  particular, 
'  -t-  &c.  '  Some  have  questioned  the  truth  of  the  definicioQ  upon 

which  he  lias  founded  it,  and  almost  all  who  have  admitted 
its  truth  and  validity  have  objected  to  it,  as  a  definition. 
The  author  of  the  following  propusiiiona  ranks  hinudf 
amongst  objectors  of  the  last-mentioned  description.  He 
thinks  that  Euclid  must  have  founded  the  definition  in 
question  upoti  the  reasoning  contained  in  the  first  six  d«> 
iDonstrations  here  given,  or  upon  a  similar  train  of  think* 
ing ;  and  in  his  opinion  a  definition  ought  to  be  as  simple, 
or  as  free  from  a  multiplicity  of  conditions,  aa  the  subject 
will  admit." 
n  like         He  then  lays  down  these  four  definitions  : 

"  1.  Ratio  is  tbe  relation  which  one  magnitude  has  t* 
another,  of  the  same  kind,  with  respect  to  quantity." 

"  2.  If  the  first  of  four  magnitudes  be  exactly  as  great 

when  compared  to  the  second,  as  the  3d  is  when  compared 

to  the  fourth,  the  first  is  said  to  have  to  the  second  the 

Hence  comes  this  general  rule :  Having  found  any  two  of    same  ratio  that  the  third  haa  to  the  fourth," 

"'  '  ,.,.,.         .....  ,  .  ,,  _    \il\^c  first  of  four  magnitudes  be  greater,  wbes 


the  3d  value  en 


i'-k-i 


■  (^ '  +  0  g  +  '- 


manner, 

"the  4th  value  is  ^- 

the  5th  value  is  -— - 


these  values,  multiply  the  terms  of  the  latter  of  them,  by 
tbe  next  quotient,  and  to  the  two  products  add  the  cor- 
responding terms  of  the  former  value,  and  the  sums  will 
be  the  terms  of  the  itext  value,  &c. 

For  example,  let  it  be  required  to  find  a  series  of  ratios 
'n  lesser  numbers,  constantly  approaching 


compared  to  the  second,  than  (he  third  it  when  compared 
to  the  fourth,  the  fiistissaid  to  have  to  tbe  second  agraatar 
ratio  than  the  third  has  to  the  fourth." 

"  4.  If  the  first  of  four  magnitudes  be  less,  when  com- 
pared to  the  second,  than  the  third  is  when  compared  to 
100000  to  314159,  or  nearly  the  ratio  of* the  diameter  of    the  fourth,  the  first  is  said  iu  have  to  tbe  second  a  lest 
Here  first  dividing^  thus,        ratio  than  tbe  third.has  to  the  fourth," 

Dr.  Robertson  then  delivers  the  propositions,  which  are 


rcle  to  its  circumference, 
100000)314159(3  = 

d  =  1*159  )  1(10000  ( 7  =e 

/=      887)Jl4159^CH«ff 

A  =     854  )8S7(  1  =  i,  &C. 
&c, 
tbeie  are  obtained  tbe  quotients  3, 7, 15, 1, 25^  1, 7, 4. 
Hence  3  oi  -   =:  «,  the  1st  value ;. 


the  following : 

"  Prop.  1.  If  tbe  first  of  four  magnitudes  have  to  th« 
second,  the  saroc  ratio  which  the  third  has  to  the  fourth ; 
then,  if  the  first  be  equal  to  the  second,  tlie  third  it  equal 
to  tlie  fourth;  if  greater,  greater  ;.  if  less,  less." 

"  Prop.  2.  If  the  first  ai  four  magnitudes  be  to  the  M- 
cond  as  tbe  third  to  the  fourth,  and  if  any  equimultiplcp 
whatever  of  the  fiist  and  thiKl  be  taken,  and  also  any 


Digit.zecoyVJjOUgLe 


BA  V 


I    tBS    3 


RAY 


equimultiples  of  the  KConJ  and  fourth ;  the  multiple  of 
the  first  will  be  to  the  multiple  of  the  second  as  the  mul- 
tiple of  the  third  to  the  multiple  of  the  fourth." 

"  Pr(^.  3.  If  the  first  of  four  magnitudes  be  to  the  se- 
cond its  the  third  to  the  fourth,  and  if  any  like  aliquot 
iMrts  whateTer  be  taken  of  tbe  first  and  third,  and  anif 
like  aliquot  parts  whatever  of  the  Kcond  and  fourth,  the 
part  of  the  first  will  be  to  the  part  of  the  second  as  the  part 
of  the  third  to  the  part  of  the  fourth." 

"  Prop.  4.  If  the  first  of  four  magnitudes  be  to  the  se- 
cond as  the  third  to  tbe  fourth,  and  if  any-equimulliples 
whatever  be  taken  of  tbe  first  and  third,  and  any  .nhat- 
ever  of  tbe  second  and  fourth  ;  if  the  multiple  of  the  first 
be  equal  to  the  multiple  of  the  second,  the  multiple  of  tbe 
third  will  be  equal  to  the  multiple  of  tbe  fourth;  if'greattr; 
greater  ;  if  less,  less." 

"  Prop.  5.  If  the  first  of  four  magnitudes  be  to  the  se- 
cond as  the  third  is  to  a  magnitude  less  than  the  fourth, 
then  it  is  possible  to  take  certain  equimultiples  of  the  first 
and  third,  and  certain  equimultiples  of  ibe  second  and 
fourth,  sucb,  that  the  multiple  of  the  first  shall  be  greater 
than  tbe  multiple  of  the  second,  but  tbe  multiple  of  the 
third  not  greater  than  the  multiple  of  the  fourth." 

"  Prop.  6.  If  tbe  firet  of  fou?  magnitudes  be  to  the  se- 
cond as  tlie  third  is  to  a  magnitude  greater  than  the  fourth, 
then  certain  equimultiples  can  be  taken  of  the  first  and 
third,  and  certain  equimultiples  of  the  second  and  fourth, 
such,  that  the  multiple  of  the  first  shall  be  less  than  the 
multiple  of  the  second,  but  the  multiple  of  the  third  not 
less  than  the  multiple  of  the  fourth." 

"  iVop,7.  If  any  equimultiples  whatever  be  taken  of 
the  first  and  third  of  four  magnitudes,  and  any  equimul- 
tiples whatever  of  the  second  and  fourth  ;  and  if  when  the 
multiple  of  tbe  fint  is  less  than  that  of  the  second,  the 
multiple  of  the  third  is  also  less  than  that  of  the  fourth  ; 
or  if  when  tbe  multiple  of  the  first  is  equal  lo  that  of  tbe 
second,  tbe  multiple  of  the  third  is  also  equal  to  that  of 
the  fourth  ;  or  if  when  the  multiple  of  tbe  first  is  greater 
than  that  of  tbe  second,  tbe  multiple  of  the  third  is  also 
greater  than  that  of  the  fourth  :  then,  the  firefef  the  four 
magnitudes'  shall  be  to  the  second  as  the  third  to  the 
fourth." 

And  all  these  propositions  Dr.  Robertson  demonstrates 
by  strict  mathematical  reasoning. 

Ratio,  Seciioa  qf.  See  Srctioh  qfa  Ratio. 
RATIONAL,  in  Arithmetic  &c.  the  quality  of  num- 
bers, fractions,  quantities,  &c,  when  they  can  be  ex- 
pressed by  common  numbers;  in  contradistinction  to  ir- 
rational or  surd  ones,  which  cannot  be  e.ipressed  in  com- 
mon numbers.  Suppose  any  quantity  to  be  1 ;'  there  are 
infinite  other  quantities,  some  of  which  are  commensura- 
ble to  it,  either  dimply,  or  in  power:  these  Euclid  calls 
Rational  quantities.  The  rest,  that  arc  incommensurable 
to  1,  he  calls  Irrational  quantities,  or  Surds. 

Rational  Hotkoh,  or  True  Horizon,  is.  that  whose 
plane  is  conceived  to  pass  through  the  centre  of  the  earth ; 
and  which  therefore  divides  tbe  globe  into  two  equal  por- 
tions or  hemispheres.  It  is  called  the  rational  horiaon, 
because  only  conceived  by  the  undentanding;  in  oppo- 
sition  to  the  sensible  or  apparent  horizon,  or  that  which 
is  visible  te  the  eye. 

RAVELIN,  in  Fortification,  was  anciently  a  flat  has- 
tion,  placed  in  tbe  middle  of  a  curtain.     But 

Ravxlik,  it  now  a  detached  work,  composed  only  of 
two  fdce*,  which  form  a  salient  angle  usually  without 


flanks ;  being  a  triangular  wutk  resembling  tbe  point  of 
a.  bastion  with  the  flanks  cut  off.  It  is  raised  before  tbe 
curtain,  on  the  counterscarp  of  ihe  place  ;  'and  serving  to 
cover  it  and  tbe  adjacent  flanks  from  the  direct  fire  of  an 
enemy.  It  is  also  used  to  cover  a  bridge  or  a  gate,  and 
is  always  placed  without  the  mont. — There  are  also  double 
ravelins,  which  serve  to  defend  each  other;  being  so  called 
when  they  are  joined  by  a  curtain.— What  the  engineers 
call  a  ravelin,  the  men  usually  call  a  demilune,  or  half-  ■ 

RAY,  in  Geometry,  tbe  same  as  Radius. 

Rat,  in  Optics,  u  beam  or  line  of  light,  propagated 
from  a  radiant  point,  through  any  medium,  if  the  parts 
of  a  ray  of  light  lie  all  in  a  straight  line  between  the  ra- 
diant point  and  [he  eye,  the  ray  is  said  to  be  Direct  :  the 
laws  and  properties  of  which  make  the  subject  of  Optics. 
— If  any  of  them  be  turned  out  of  that  direction,  or  bent 
in  their  passage,  the  ray  is  said'  to  be  Refracted. — if  it 
strike  on  the  surface  of  any  body,  and  be  thrown  oA" again, 
it  is  said  to  be  Rejected. — In  each  case,  the  ray,  as  it  falls 
either  directly  on  the  eye,  or  on  the  point  of  rcfiection,  or 
of  refraction,  is  said  to  be  Incident. 

Again,  if  several  rays  be  propagated  from  the  radiant 
object  equidistantly  from  one  another,  they  are  called  Pa- 
rallel rays.  If  they  come  inclining  towards  each  other, 
they  are  called  Converging  rays.  And  if  they  go  conti- 
nudly  receding  from  each  other,  they  arc  called  Diverg- 
ing rays. 

It  is  from  the  different  circumstances  of  rays,  that  the 
several  kinds  of  bodies  are  distingijished  in  optics.  A  body, 
for  example,  that  diffuses  its  own  light,  or  emits  rays  of 
its  own,  ii  called  a  Radiating  or  Lucid  or  Luminous  body. 
If  it  only  reflect  rays  which  it  receives  from  another,  it  is 
called  an  Illuminated  body.  If  it  only  transmit  rays,  it 
ii  called  a  Transparent  or  Translucent  body.  If  it  inter- 
cept tbe  rays,  or  refuse  them  passage,  it  is  called  an 
Opaque  body. 

It  is  by  means  of  rays  reflected  from  tbe  several  points 
of  illuminated  objects  to  the  eye,  that  these  become  visible, 
and  that  vision  is  performed  ;  whence  such  Rays  arc  called 
Visual  rays. 

The  rays  -of  light  are  not  homogeneous,  or  similar, 
but  differ  in  all  the  properties  we  know  of;  vis,  rcfran- 
gibility,  reflexibility,  and  colour,  and  even  beat.  It  is 
probably  from  the  different  refrangibility  that  tbe  other 
differences  have  their  rise;  at  least  it  appears  that  those 
rays  which  agree  or  differ  in  this,  do  so  in  all  tbe  rest. 
It  is  not  however  to  be  understood  that  the  property 
or  effect  called  colour,  exists  in  the  rays  of  light  thera- 
selves;  but  from  tbe  different  sensations  the  differently 
disposed  rays  excite  in  us,  we  call  them  Red  rays,  Yellow 
rays,  Sec.  Each  beam  of  light  however,  as  it  comes  from 
the  sun,  seems  to  be  compounded  of  all  the  kinds  of  rays 
mixed  together  ;  and  it  is  only  by  splitting  or  separating 
the  parts  of  it,  that  these  different  sorts  become  observable; 
and  this  is  done  by  transmitting  the  beam  through  a  glass 
prism,  which  refracting  it  in  the  passage,  and  the  parti 
that  excite  the  different  colours  having  different  degrees  of 
refrangibility,  they  arc  thus  separated  from  one  another, 
and  exhibited  each  apart,  and  appearing  of  the  different 
colours. 

Besides  refrangibility,  and  the  other  properties  of  the 
rays  of  light  already  ascertained  by  observation  and  ex- 
periment, sir  I.  Newton  suspects  they  may  have  many 
more ;  particularly  a  power  of  beii^  inflected  ot  bent  by 


,  Google 


RAY 


C 


the  aetiou  of  diitant  bodies ;  aud  those  rays  wbich  differ  in 
refrangibility,  he  conceives  likewise  to  differ  in  Dexibility, 
These  rays  he  suspects  may  l>e  very  small  bodies  emit- 
ted trom  sbioing  substances.  Such  bodies  may  ba^e  all 
'  the  conditions  of  light  :  and  there  is  that  action  and  re- 
.  action  between  transparent  bodies  end  light,  which  very 
much  resemljles  the  Httmctive  force  between  other  bodies. 
Nothing  more  is  required  for  the  production  of  all  ihe  va- 
rious colours,  and  all  the  degrees  of  rcfrangibiliiy,  but 
that  the  rays  of  light  be  bodies  of  different  sizes;  the  least 
of  which  may  ro:ike  violi-t  the  weakist  and  darliesl  of  the 
colouts,  and  be  the  most  easily  diverted  by  refracting  sur- 
hceg  from  its  rectilinear  Course;  and  the  rest,  ss  they  are 
larger  and  larger,  may  make  the  stronger  aud  more  lucid 
colours,  blue,  green,  yellow,  and  red.  See  Colour, 
Light,  Refractiok,  Reflection,  Inflection, Coh- 
vsRC'iNn,  DiVERGiNO,  &c,  &c. 

Among  other  qualities  of  rays,  it  has  been  found  by  ex- 
periment, that  there  is  a  great  difference  in  the  heating 
power  of  solar  rays.  From  Dr.  Herschel's  esperiments 
it  appeajs,  that  this  heating  power  increases  from  the 
middle  of  the  spectrum  to  the  red  ray,  and  is  greatest  be- 
yond it,  where  the  rays  are  invisible.  Hence  it  is  inferred 
that  the  cays  of  liglit  and  caloric  nearly  accompany  each 
other,  and  the  latterare  in  different  proportions  in  ilie  dif- 
ferent coloured  rays.  Iliey  are  easily  separated  from 
each  other ;  as  when  the  sun's  rays  are  transmitted 
through  a  transparent  body,  the  rays  of  light  pass  on 
seemingly  nndiminrsbed,  but  the  rays  of  caloric  are  inter- 
cepted. When  Ihe  sun's  rays  are  directed  to  an  opaque 
body,  the  rays  of  light  are  refiected,  but  the  rays  of  calo- 
tic  are  absorbed  and  retained.  This  is  the  case  with  the 
-  moon's  light,  which,  however  much  it  be  concentrated,  is 
.not  accompanied  with  heat.  It  has  also  been  shown,  that 
the  different  rays  of  light  produce  different  chemical  ef- 
fects on  the  metallic  salts  and  oxyds.  These  effects  in- 
crease on  the  opposite  direction  of  the  spectrum,  from  the 
beating  power  of  the  rays.  From  the  middle  of  the  spec- 
trum, towards  the  violet  end,  they  become  more  power- 
ful, and  produce  the  greatest  effect  beyond  the  visible  rays. 
From  these  discoveries  it  appears  that  the  solar  rays  are 
of  three  kinds:  I.  Rays  which  produce  heat;  2.  Rays 
which  produce  colour;  and.3.  Rays  which  deprive  me- 
tallic substances  of  their  oxygen.  The  first  set  of  rays  is 
in  the  greatest  abundance,  or  are  most  powerful  towards 
the  red  end  of  the  spectrum,  and  are  least  refracted.  The 
2d  set,  or  those  which  iljuminatc  objects,  are  most  power- 
ful in  the  middle  of  the  spectrum.  And  the  3d, set  pro- 
duce the  greatest  effect  towards  iho  violet  end,  where  the 
rays  are  most  refracted.  The  solar  rays  pass  through 
transparent  bodies,  without  heating  them.  The  atmo- 
sphere, for  instance,  receives  no  increase 'of  heat  by  trans- 
mitting the  sun's  rays,  till  these  rays  are  reflected  from 
other  bodies,  or  are  communicated  to  it  by  bodies  which 
have  absorbed  them,  This  is  also  proved  by  the  sun's 
rays  being  transmitted  t!i rough  convex  lenses,  producing  a 
high  degree  of  temperature  when  they  are  oncentrated, 
but  giving  no  increase  of  heat  to  the  glass  itself.  By  this 
method  the  heat  which  proceeds  from  the  sun  can  be 
greatly  increased.  Indeed,  the  intensity  of  heat  produced 
in  this  way  is,  equal  to  that  of  the  liottest  furnace.  This 
is  done,  either  by  reflecting  the  sun's  rays  from  a  concave 
polished  mirror,  or  by  concentrating  or  collecting  them, 
by  the  refractive  power  of  convex  lenses,  and  directing 
(be  rays,  thus  concentrated,  on  the  combustible  body. 
Vol.  II. 
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Reflectei  Rats,  those  rays  of  light  which  are  reflected, 
or  thrown  back  again,  from  the  surfaces  of  bodies  upon 
which   they  strike.     It  is  found  that,  in  all  the  rays  of  ' 
light,  (he  angle  of  reflection  is  equal  to  the  angle  of  inci- 
dence. 

Rufracted  ^AYi,  are  those  rays  of  light,  which  are  bent 
or  broken,  in  passing  out  of  one  medium  into  another. 

i*encif  o/ Rays,  h  number  of  rays  emitted  from  apoint 
of  an  object,  and  diverging  in  the  form  of  a  cone. 

Principal  Ray,  in  Perspective,  is  the  perpendicular  t!i- 
stance  between  the  eye  and  the  vertical  plane  or  table,  as 
it  is  sometimes  named. 

Ray  <if  Curvature.     See  Radius  qf  CtJRVATUne. 

REAUMUR  (RENE-ANTOiHE-rERcHAULT,  Sieur  dc), 
a  respectable  French  philosopher,  was  bom  at  Rochelle  in 
1^83.  After  the  usual  course  of  school  education,  hewai 
sent  to  Poitiers  to  study  philosophy,  and,  in  l69i).  to 
Bourges  to  study  the  law,  the  profession  for  which  he  was 
intended.  But  philosophy  and  mathematics  havir.g  very 
early  been  his  favourite  pursuits,  he  quitted  the  la.w,  and 
repaired  to  Paris  in  1703,  to  pursue  those  sciences  to  the 
best  advantage;  and  here  his  character  procured  him  a 
seat  in  the  academy  in  the  year  1708  ;  which  he  held  till 
the  time  of  his  death,  which  happened  the  ISth  of  No- 
vember 17S7,  at  7+  yeais  of  age. 

Reaumur  soon  justified  the  choice  that  was  made  of 
him  by  the  academy.  He  made  innumerable  observa- 
tions, and  wrote  a  great  number  of  pieces  un  the  various 
branches  of  natural  philosophy.  His  History  «f  Insects, 
in  6'  vols,  quarto,  at  Paris,  is  his  principal  work.  Another' 
edition  was  printed  in  Holland,  in  12  voLs.  12mo.  He 
made  also  great  and  useful  discoveries  concerning  iron; 
showing  how  to  change  common  wrought  iron  into  steel, 
how  to  soften  ca^t  iron,  and  to  make  works  in  cast  iron 
as  fine  as  in  wrought  iron.  His  labours  and  discoveries 
on  this  subject  were  rewarded  by  the  duke  of  Orleau*, 
regent  of  the  kingdom,  by  a  pension  of  13  thousand  livres, 
equal  to  about  5001.  sterling;  which  however  be  fvould 
not  accept  but  on  condition  of  its  being  put  under  the  name 
of  the  academy,  who  might  enjoy  it  after  his  death.  It 
wa*  owing  to  Reaumur's  endeavours  that  there  were  esta> 
blished  in  France  manufitcturcs  of  tin-plates,  of  porcelain 
in  imitation  of  china-ware,  &c.  They  owe  to  him  also  u 
new  thermometer,  which  bears  his  name,  and  is  pretty  ge- 
nerally used  on  the  continent,  while  that  of  Fahrenheit  is 
used  in  England,  and  some  few  other  places.  Reaumur's 
thermometer  is  a  spirit  one,  having  the  freezing  point  at  0, 
and  the  boiling  point  at  SO. 

Reaumur  is  esteemed  an  exact  and  clear  writer;  and 
there  is  an  elegance  in  his  style  and  manner,  which  is  not 
commonly  found  among  those  who  have  made  only  the 
sciences  their  study.  He  is  represented  also  as  a  man  of 
S  most  amiable  disposition,  and  with  qualities  to  make  hint 
beloved  as  well  as  admired.  He  leftagrcat  variety  of  pa> 
pers  and  natural  curiositiee,  which  he  bequeathed  to  the 
Academy  of  Sciences. — The  works  published  by  him,  are 
the  following: 

1.  The  Art  of  changing  Forged  Iron  into  Steel  ;  of 
Softening  Cast  Iron;  and  of  making  works  of  Cost  Iron, 
as  fine  as  of  Wrought  Iron.     Paris,  I7S2, 1  vol.  in  4to. 

2.  Natural  History  of  Insects,  6  vols,  in  4to. 

His  memoirs  printed  in  the  volumes  of  the  Academy  of 
Sciences,  are  very  numerous,  amounting  to  upwards  of  a 
hundred,  and  on  various  subjects,  from  the  year  1708  to 
1763,  several  papers  in  slinost  every  volume. 
2P 
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RECEIVER,  of  an  Air.Pump,  is  part  of  iU  apparatus  ; 
being  a.  glass  ve^isel  placed  on  the  tup  of  tbe  plate,  out  of 
which  the  uir  is  to  be  exhausted. 

RECESSION  tif  the  Eijuinoset.    See  Phecessioh. 

RECIPROCAL  in  Arithmetic,  &c,  is  the  quotient 
arising  by  dividing  1  by  &»>  number  or  quantity.  So,  the 
reciprocal  of  '2  ta  {  ;  of  3  i>  },  aud  of  a  n  -,  ficc.  Hence, 
the  reciprocal  of  a  vulgar  fraction  is  foiiiid,  by  barely 
making  the  Qumerator  and  the  denominator  mutually 
change  places ;  so  the  reciprocal  of  i  is  -J  or  2  ;  of  |,  is 
4 ;  of  p  is  -,  &c.  Hence  also,  any  quantity  being  mul- 
tiplied by  its  reciprocal,  the  product  i>  always  equal  to 
unity  or   1:  so  i  >t   J  =  5  =  1,  and  |  x  i  =  I  =  1, 

and  7    "    T  =  n   =  '• 


i 


See  a  large  table  of  reciprocals  of  numbers,  in  my 
TractK,  vol.  1,  at  the  end,  also  a  method  of  Itixling  them, 
pa  4(J3. 

RccipaocA'L  Figuret,  in  Geometry,  are  such  as  have 
the  anleiedcnts  and  consequents  of 
the  same  ratio  in  both  ligures.  So, 
in  the  two  rectangles  be  and  bd,  if 
AB  :  DC  :  :  BC  :  ae,  then  thosi-  rec- 
tangles are  reciprocal  figures ;  and 
are  also  equal. 

Reciprocal  Proportion,  is  when, 
in  four  quantities,  the  two  latter  terms 
have  the  reciprocal  ratio  of  the  two 
former,  or  are  proportional  to  the  reciprocals  of  them. 
Thus,  24,  1 5,  5,  8  form  u  reciprocal  proportion,  because 
T?  :iV  ■  ■  5  :  8,  or  15:  2+;  :  5  :8. 
'  Reciprocal  Ratio,  of  any  quantity,  is  the  ratio  of 
the  reciprocal  of  the  quantity. 

'  RKCiPaoCALLT.  One  quantity  is  reciprocally  as 
another,  when  the  one  is  greater  in  proportion  as  the 
yther  is  less  ;  or  when  the  one  is  proportionHl  to  tbe 
ciprocal  of  the  other.  Su  a  is  recipioCally  as 
a  is  always  proportional  to  —r 
nic  powers,  to  perform  any  effect,  the  less  the  power  iii, 
the  greater  must  be  the  time  of  performing  it ;  or,  as  it  is 
■aid,  what  is  gained  in  power,  is  lost  in  time.  Su  that, 
if  p  denote  any  power  or  agent,  and  t  the  time  of  i[s  per- 
forming any  given  service ;  then  p  is  as  — -,  and  (  is  as 
-^;  that  is,  p  and  (  are  reciprocally  proportionals  to 

each  other. 

RECIPROCITY  of  prime  numbers,  a  certain  law 
that  obtains  with  regard  to  the  remainders  of  the  formulas 

ULl and  — —,  when  n  and  m  are  both  primes,  lirst 

demonstrated  by  Legcndre,  and  on  which  he  has  founded 
the  demonstration  of  several  curious  numerical  propo- 
sitions. These  remainders,  for  the  sake  of  abridgement, 
may  he -written  (-^)    and   ( — };  that  is,  ( 


,  when 
c  roccba- 


senting  the  remainders  of  - 


,  and  ( — )  representing 


ihc  remainilers  of  — - — .  Then  there  always  subsists 
such  a  relation  between  these  two  expressions,  that  one 
being  given,  the  other  is  immediately  determined.     For 


whatever  may  be  the.  form  of  m  and  n,  piovidei^  they 
arc  hut  both  of  the  form  4a— 1,  we  shall  always  hava 
C-^)  =  ( — )  ;  and  if  they  are  both  of  the  form  ia—  1, 
then  will  (~)  ==  -  (-^).  It  is  not  expected  w« 
should  here  enter  upon  the  investigation  of  this  theorem, 
but  the  nader  who  wishes  to  see  the  demonstration,  will 
find  ample  gratification  by  consulting  the  work  above 
alluded  to. 

RECKONING,  in  Navigation,  is  the  estimatmg  the 
quantity  of  a  ship's  way;  or  of  the  course  and  dislatice 
run.  Or,  more  generally,  a  ship's  reckoning  is  thut  ac- 
count, by  which  it  may  at  any  lime  be  known  where  the 
ship  is,  and  consequently  on  what  course  or  courses  she 
must  steer  to  gain  her  intended  port.  The  reckoning  is 
usually  performed  by  keeping  »n  account  of  the  courses 
steered,  and  the  distance  run,  wiih  any  accidental  cir-- 
cumstances  that  occur.  The  courses  steered  are  ob- 
served "by  the  compass;  and  the  distances  run  an;  esti- 
mated from  the  rate  of  cunning,  and  the  time  run  upon 
each  course.  The  rate  of  running  is  measured  by  the 
log,  from  time  to  time ;  which  however  is  'liable  to  great 
irrcguliiritics.  Anciently  Vitruvins,  for  measuring  the 
THte  of  <)ailing,  advised  an  axis  to  be  passed  through  the 
sides  of  the  ship,  with  two  large  heads  protending' out  of 
of  the  ihip,  including  wheels  touching  the  water,  by  the 
revolution  of  which  the  space  passed  over  in  a  given  time 
is  measured.  And  the  same  has  been  since  recommend- 
ed by  Snelt. 

Reckohing,  Dead.     See  Dead  Reckoning. 

RECLINATION  of  a  Plane,in  Dialling,  is  the  angular 
quantity  which  a  dial  plane  leans  backwards,  from  an  ex- 
actly upright  or  vertical  plane,  or  from  the  zenith. 

RECLINER,  or  Reclining  Dial,  is  a  dial  whos** 
plane  reclines  from  the  perpendicular,  that  is,  leans  back- 
wards, or  from  you,  when  you  stand  before  it. 

Recliner,  Declining,  or  Declining  Reclining  Dial, 
is  one  which, neither  stands  perpendicularly,  nor  opposite 
to  one  of  the  cardinal  points. 

RECOIL,  or  Rebound,  the  resilition,  or  flying  back- 
ward, of  a  body,  especially  a  fire-arm.  This  is  the  mo- 
tion by  which,  on  explosion,  it  starts  or  flics  backwards  ; 
and  the  cause  of  it  is  the  resistance  o(  the  ball  alid  the 
impelling  force  of  the  powder,  which  acts  equuily  an  the 
gun  and  on  the  ball.  It  has  been  commonly  said  by 
authors,  that  the  momentum  of  the  ball  is  equal  to  that 
of  the  gun  vi'ilh  its  carriage  together;  but  this  is  a  mis- 
take ;  for  the  latter  momentum  is  nearly  equal  lo  that  of 
the  ball  and  half  the  weight  of  the  powder  together,  mov- 
ing with  the  velocity  of  the  ball.  So  that,  if  the  gun,  and 
the  ball  with  half  (he  powder,  were  of  equal  weight,  the 
piece  would  recoil  with  the  same  velocity  as  the  ball  is 
discharged.  But  the  heavier  any  body  is,  the  less  will 
its  velocity  be,  lo  have  the  same  momentum,  or  force; 
and  therefore  so  many  times  as  the  cannon  and  carriage 
is  heavier  than  the  ball  and  half  the  powder,  just  as 
many  times  will  the  velocity  of  the  ball  be  greater  than 
that  of  the  gun;  and  in  nc  same  ratio  nearly  is  tbe 
length  of  the  baricl  before  the  charge,  to  the  quantity 
the  gun  recoils  in  the  time  the  ball  is  passing  along  the 
bore  of  the  ^un.  So,  if  a  24  pounder  of  10  feet  long  be 
64001b  weight,  and  charged  with  8lb  of  powder ;  then, 
when  the  ball  quits  the  piece,  the  gun  will  have  recoiled 
ilia  «   10  =  -rio  of  *  ^^^'  or  nearly  half  an  inch. 
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RECORDE  (RoBsax),  a  learned  phpician  and  ma- 
thematician, was  burn  of  a  good  family  in  Wales,  and 
flourished  in  the  reigns  of  Henry  theSth,  Edward  the  6th, 
and  Mary.  There  is  no  account  of  the  exact  time  of 
his  birth,  though  it  must  have  been  early  in  tbe  l6th 
century,  as  he  was  entered  of  tbe  universiiy  of  Oxford 
about  the  year  I5S5,  where  he  was  elected  fellow  of  Atl- 
aouls  college  in  1531.  Making  physic  his  profession,  he 
went  lo  Cambridge,  where  he  was  honoured  with  the  de- 
gree of  doctor  in  that  faculty,  in  1545,  and  was  highly 
esteemed  by  all  who  knew  him,  for  his  great  knowledge 
in  several  arts  and  sciences.  He  afterwards  returned  to 
Oxford,  where,  as  be  had  done  before  he  went  to  Cam- 
bridge,  he  publicly  taught  arithmetic,  and  other  branches 
of  the  mathematics,  with  great  applause.  It  leemi  he 
afterwards  repaired  to  London,  and  it  has  been  said  he 
was  physician  to  Edward  the  6lb  and  Mary,  to  which 
princes  he  dedicates  some  of  his  books ;  and  yet  he  ended 
his  days  in  the  Fleet,  where  he  was  confined- for  debt,  in 
the  year  155S,  at  a  ve;y  immetute  age.  See  other, cuti- 
oui  particulars  of  this  author  in  my  Tracts,  vol.  S, 
pa.  243. 

Recorde  published  several  mathematical  books,  which 
■re  mostly  in  dialogue,  between  the  roaster  and  scholar. 
They  are  as  follow  : 

1.  The  Ptutnoiy  ta  KnowUdge,  containing  the  fint  Prin- 
ciples of  Geonie[He,as  they  may  ntoste  aptly  be  applied  unto 
practise,  bothe  for  use  of  Instrumentes  Oeoraetricall  and 
Astronomicall,  and  also  for  Projection  of  Platias  much 
necesMry  for  alt  tortes  of  men.  Lond.  4to,  1551.— 'This 
work,  the  author  says,  is  the  first  book  on  Geometry  ever 
printed  in  the  English  language. 

'  2.  7%«  Ground  1^  Aria,  teaching  the  perfect  worke  and 
practice  of  Aritbmeticke,  both  in  whole  numbers  and 
fractions,  after  a.  more  easie  and  exact  forme  then  in 
former  time  hath  beene  set  forth,  8vo.  1552. — It  would 
•eeni  however  that  there  roust  have  been  some  earlier 
edition  than  this,  or  another  like  work,  since  the  author, 
m  tbe  dedication  of  bis  Geometry ,.or  Pathway,  Jan.  155], 
says  that  he  has  **  altready-set  forth  somwhat  of  Arith- 
metikp." — This  work  went  through  many  editions,  and 
was  cnrreeted  and  augmented  by  several  other  persons ; 
as  £rst  by  ihe  famous  Dr.  John  Dee;  tfien  by  John 
Mcllis,  a  schoolmaster,  1A90;  iwxt  by  Robert  Norton  ; 
then  by  Robert  Hartwell,  practitioner  in  mathematics,  in 
London  ;  and  lastly  by  R.  C.  and  printed  in  8vo,  1633. 

3.  The  Cattle  nf  Knowledge,  conlaiiiing  tbe  Explication 
of  the  Sphere  bothe  Celestiall  and  Maieriall,  and  divers 
other  thin^  incident  thereto.  With  sundry  pleosaunt 
proufes  and  certaine  newe  demonstrations  not  written  he- 
fore  in  any  vulgare  woorkea,     Lond,  folio,  1556. 

4.  The  Whtutone  of  WiUe,  which  is  the  seconde  part 
of  Arithmctike:  containing  the  Extmctinn  of  Rootcs : 
the  Costike  Practise,  with  the  rules  of  Etjuation  :  and  the 
woorkes  of  Surde  Nombera.  Lond.  4lo,  15.57. — For  an 
analysis  of  this  work  on  Algebra,  with  an  account  of 
what  is  new  in  it,  see  vol.  1,  under  the  article  Algebsa. 

Wood  says  he  wrote  alw  several  pieces  on  pbysic,  ana- 
tomy, politics,  and  divinity;  but  1  know  not  whether 
they  were  ever  published.  And  Sherburne  says  that  he 
published  Cosmographiae  Isagogen ;  also  that  he  wrote  a 
book,  De  Arte  faciendi  Horologium;  and  another,  De 
UsuGloborum,  &  de  Statu  Temporum;  which  I  have  never 
seen.— -In  the  end  of  the  preface  to  the  Geometrical  Tbeo- 
rens,  in  The  Pathway  to  Knowledge^  he  teti  down  a  Ibt 


of  nany  other  books,  partly  mathematical  and  pertly 
other  subjects,  which  he  says  be  had  written,  but  not 
then  published. 

RECTANGLE,  in  Geometry,  is  a  right-angled  paral- 
lelogram,  or  a  right-angled  quadrilateral  figure. 

If  from  any  point  o,  lines  be  drawn  to  all  the  four 


of  a  rectangle ;  then  the  sums  of  the  squares  of 
the  lines  drawn  to  the  opposite  corn^  will  be  equal,  in 
whatever  part  of  the  plane  the  point  o  is  situated  ;  viz, 
OA*  +■  od'  =  OB*  -*-  oc*.  For  other  properties  of  the 
rectangle,  see  Pakallelooram;  for  the  rectangle  be- 
ing a  species  of  the  parallelogram,  whatever  prupi-rties 
belong  to  the  latter,  must  equally  hold  in  the  former. 

For  (Ae  ,rfr«  ^  a  Rectangle.     Multiply  the  length 
by  the  breadth  or  height    Otherume; 
Multiply  the  product  of  the  two  dia- 
goiula  by  half  tbe  sine  of  their  angle    .  I    .  '*S., 
at  the  intersection.  I  ..'^, 

That  is,  ab  X  AC,  or  ai>  k  bc      ' 
K  ^sin.  Z.F  =  area.      A  rectangle, 
as  of  two  lines  ab  and  AC,  is  thus 
denoted,  ab  x  ac,  or  ab  .  ac  ;  or  else  thus  expressed, 
the  rectangle  of,  or  under,  ab  and  ac. 

RbctXnqle,  in  Arithmetic,  is  the  seme  with  product 
or  factuip.  So  the  rectangle  of  3  and  4,  b  3  x  4  or  13 ; 
eud  o(  a  and  b  n  a  x  b  or  ab. 

RECTANGLED,Ri(iHT-AT(ni.ED,  or  Rectangular, 
is  applied  to  figures  and  solids  that  have  at  least  one 
right  angle,  if  not  more.  So  a  right-angled  triangle  hat 
one  right  angle  :  a  right-angled  parallelograra  is  a  rect- 
engle,  and  has  four  right  angles.  Such  nlso  are  squares, 
cubes,  and  paralleloplpedons.  Solids  are  also  said  to  be 
rectangular  with  respect  to  their  situation,  viz,  when  their 
axis  is  perpendicular  tn  their  base  ;  as  right  conw,  pyra- 
mids, cylinders,  &c. 

The  ancients  used  the  phrase  Rectangular  Section  of  a 
Cone,  to  denote  a  parabola ;  that  conic  section,  before 
Apollonius,  being  only  considered  in  a  coiie  having  ita 
vertex  a  right  angle.  And  hence  it  was,  that  Archimedes 
entitled  his  book  of  the  quadrature  of  the  parabola,  by 
the  name  of  Rectanguli  Coni  Sectio. 

RECTIFICATION,  in  Geometry,  is  the-  finding  of  a 
right  line  equal  to  a  curve.  The  rectification  of  curves 
is  a  branch  of  the  higher  geometry,  in  which  the  use  of 
the'  inverse  method  of  fluxions  is  particutHrly  useful. 
This  is  a  problem  to  which  a\\  math  email  c  tans,  both 
ancient  and  modern,  have  paid  the  greatest  ailcntion,  and 
particularly  as  to  the  rectification  of-  the  circle,  or  find- 
ing the  length  of  the  cirqunjference,  or  a  right  line  equal 
to  it;  but  hitherto  without  the  perfect  effect;  on  this  also 
depends  tbe  quadrature  of  the  circle,  since  it  is  demon- 
strated  that  the  area  of  a  circle  is  equal  to  a  right-angled 
triangle,  of  which  one  of  the  sides  about  the  right  angle 
is  the  radius,  and  the  other  equal  to  the  circumference  : 
but  it  is  much  to  be  feared  that  neither  the  one  nor  the 
other  will  ever  be  accomplished.  Innumerable  approxi- 
mations however  have  been  made,  froro  Archimedes,  down 
«  P3 
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(o  the  mmtbetnalicians  of  the  preeent  iaj.  .  Sm  Circle, 
end  CiRCUMFEKENce. 

The  first  person  who  gave  the  rcciificalion  of  any  curve, 
was  Mr.  Neal,  son  of  Sir  P«ul  Neal,  as  we  lind  at  the  end 
of  Dr.  WiilUs's  Treatise  on  ihc  Cissoiil  ;  where  ha  e«>S, 
that  Mr.  Neai's  reciifieatiun  of  the  curve  of  the  semi- 
cubical  parabola,  was  published  in  July  or  Augi^st,  1657. 
Twoycors  after,  viz,  ill  l6S%  Van  Hurcai,  in  Hollanii. 
also  gave  the  rectilicalion  of  the  same  curve ;  as  may  be 
Ken  in  Scbootcn's  Cummentitry  on  Descartcs's  Geo- 
nitlry. 

The  most  comprehensive  method  of  rcctificalion  of 
curves,  is  by  the  inverse  method  of  fiuxiotis,  which  is 
thui :  Let  ACc  be  any  curve  line,  ab  an  absciss,  sod  bc 


f*! 


Hence  the  value  of  the  curve,  from  the  fluent  of  each  of 
these,  gives  ibe  four  fallowing  forms,  in  scries,  viz,  putting 
d  =  2t  the  diamt'ier,  the  curve  is,  r 

hoi^dv. 


a.  perpendicular  ordinate ;  also  he  another  ordinate  inde- 
finitely near  to  fie;  and  cd  drawn  parallel  to  the  absciss 
AB.  Put  the  abseiss  ab  =  x,  the  ordinate  BC  =  y,  and 
the  curve  aC  =  c :  then  \i  cd  =  ib  =  x  the  fluxion  of 
the  absciss  ab,  and  cd  =j  the  fluxion  of  the  ordinate 
BC,  also  cc  =  X  the  fluxion  of  the  curve  ab.  Hence, 
because  cct'  may  be  considered  as  a  plane  right-angled 
triangle,  cc<  =  cd*  -i-  c<i*,  or  i>  =  *■  t-  /;  and  there- 
ioK  i  =  V'C*'  +  f) ;  which  is  the  fluxion  of  the 
length  of  any  curve  ;  and  consequently,  out  of  this  equa- 
tion expelling  either  x  or  y,  by  means  uf  the  particular 
equation  expressing  the  nature  of  the  curve  in  question, 
the  fluents  of  the  resulting  equation,  being  then  taken, 
will  gjve  the  length  of  the  curve,  in  finite  terms  when 
il  is  rectiliable,  otherwise  in  an  infinite  series,  or  in  a  lo- 
garithmic or  exponential  &c  expression,  or  by  means  of 
some  other  curve,  &c. 

Ex.  1.  To  rectify  the  comnUM  parabola, — In  this  case, 
the/cquatioD  of  the  curve  is  Soj  =y,  where  a  is  half 
the  parameter.  The  fluxion  of  this  equation  is  ax  =yf, 
and  hence  x*  =  ^^  ;  tbts  being  substituted  in  the  gc- 
neralequationg  =  v^(jt*-t-i«),itbecomes»  =  -^  "g+vy  . 
the  correct  fluents  of  which  give  e  =  S^'"  -*-  y?I  ^  j^ 


f  v  +  W" 


See  my  Mensur.  4lh  ediL  pa.  91  &c,  also  most  trekdsc* 
on  Fluxions. 

'  It  is  evident  that  the  simplest  of  these  series  is  the 
third,  or  that  which  is  expressed  in  terms  of  the  tangent. 
It  will  therefore  be  the  properest  form  to  calculate  an  ex- 
ample by  in  numbers.  And  for  this  jturpose  it  wilt 
be  convenient  to  assume  some  arc  whose  tangent,  or  at 
least  its  square,  is  known  to  be  some  small  simple  num- 
ber. Now  the  arc  of  45°  it  is  known  has  its  tangent 
equal  to  the  radius ;  and  therefore,  taking  the  radius 
r  :=  1,  and  consequently  the  tangent  of  45°  or  i  ^  1 
also,  in  this  case  the  arc  of  45°  to  the  radius  1,  or  the 
quadrant  to  the  diameter  J,  will  bessl— ■J--»-4"*"t 
■*■  ^  &c.  But  as  An  series  converges  very  slowly,  some 
smaller  arch  must  be  taken,  that  the  series  may  converge 
faster;  such  as  the  arc  of  30°,  whose  tangent  is  =  v'J 
=  *5773503,  or  its  square  C  =  ^  ;  and  hence,  after  the 
firai  term,  the  succeeding  terms  will  he  found  by  dividing 
always  by  3,  and  these  quotients  divided  by  the  absolute 
numbers  3,5,  7,9,  &Ci  and  lastly  adding  every  other 
term  together  into  two  sums,  the  one  the  sum  of  the  po- 
sitive terms,  and  the  other  the  sum  of  the  negative  ones» 
tlien  lastly  the  one  sum  taken  from  (he  other  leaves  the 
length  of  the  arc  of  30°,  which  ii  the  12th  part  of  the 
whole  circumference  when  the  radius  is  1,  or  the  Clh 
part  when  the  diameter  is  J,  and  consequently  6  times 
that  arc  will  be  the  length  of  the  vfhole  circumference  to 
the  diameter  1 ;  therefore  multiply  the  lat  terra  VJ  by  6, 
and  the  product  is  v'V  "■■  v'12  =  3-46410i6;  henc« 
the  operation  will  be  conveniently  made  as  follows: 


1)    3.4641016     (3-4641016 


-  Terms. 


-,  which  is  the  length  of  the 


'.  X  hyp.  log.  of  : 
curve  AC,  when  it  is  a  parabola. 

And  the  same  might  be  expressed  by  an  infinite  series, 
by  expanding  the  quantity  i/{aa  +  j(y).  See  my  Men- 
suration, pa.  271,  4th  edition, 

Ex.  2.  To  rectify  '*«  CircU. — The  equation  of  the  drcle 
may  be  expressed  either  in  terms  of  the  Eine,or  versed  sine, 
OT  tangent,  or  secant,  &c,  and  the  radius,  Let  therefore  the 
radius  of  the  circle  be  da  or  Dc:=r,  the  versed  sine  ab^ 
X,  the  right  sine  BC  ^y,the  tangent  ce  =:  (,and  the  secant 
DE  =  «;  then,  by  the  nature  of  the  circlei  we  have  these 


equations,  y  s=  2«  -  r»  =  -ir::;r-f 

by  meAns  of  the  fluxions  of  these  equations. 


~rS;    and 


ivith  the  ge- 
neral equation  >^  ^  x*  '*'  j^t  ^^^  obt^ned  the  following 
fluxional  forms  for  the  fluxion  of  the  curve,  the  fluent  of 
any  one  of  which  will  be  (he  curve  itself,  via, 
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be  seen  in  drffrrent  pam  of  tnjr  Mensuration.    -See  also 
my  Tracts,  vol.  1,  Tr.  17  and  18. 

RECTIFIER,  in  Mavigalfbn,  is  an  iDBlniment  wei 
for  determining  the  variation  of  the  compass,  in  order  to 
reciify  the  ship's  course.  It  consists  of  two  circles,  either 
laid  upon,  or  let  in  to  one  another,  and  so  fastened  toge- 
ther in  their  centres  that  they  represent  two  compasses, 
the  one  fixed,  and  the  other  moveable.  Each  is  divided 
into  32  poinU  of  the  compass,  and  360°,  and  numbered 
both  ways,  from  the  north  and  the  south,  ending  at  the 
east  and  *«cst  in  90°.  The  6xed  compass  rtpresents  the 
horizon,  in  which  the  north,  and  all  the  other  points,  are 
liable  to  variatioa.  In  the  centre  of.ihe  moveable  com- 
pass is  fahien^  a  silk  thread,  loi^  enough  to  reach  the 
outside  of  the  fixed  compass,  except  when  the  instrument 
is  made  of  wood,  in  which  case  an  index  is  used  instead 
of  the  thread. 
RECTlFViNG  itfCutva.  SmRectiwcatiom. 
RccTiFViHO  <^tl>e  Globt  or  Sphere,  is  a  previous  ad- 
justmtut  of  it,  to  prepare  it  for  the  solution  of  problems. 
This  usually  consists  in  placing  it  in  the  same  position  as 
the  true  sphere  of  the  world  has.at  some  certain  time  pro- 
posed :  which  is  dune  first  by  elevating  the  pule  above  the 
horizon  at  much  as  the  latitude  of  the  place  is,  then 
bringing  ihe  sun's  place  for  the  given  day,  found  in  the 
ecliptic,  to  the  graduated  side  of  the  brass  or  general  me- 
Tidian,  next  move  the  hour-index  to  the  upper  hour  of  13, 
■o  shall  the  globe  be  rectified  fur  noon  of  that  day  ;  and 
if  the  gtobe  be  turned  about  till  the  hour-index  point  at 
any  proposed  hour,  then  is  the  globe  in  the  real  position 
of  the  earth  at  that  time,  if  the  whole  globe  be  set  in 
the  north  and  south  position  by  means  of  the  compass. 

RECTILINEAL,  UECTiLiBe*a,  or  Right-tined,ai\i^ 
quality  or  nature  of  fiitures  that  are  bounded  by  right 
lines,  or  formed  by  right  lines. 

RECURRING  Sena,  is  a  series  constituted  in  such 
a  manner,  that  having  taken  at  pleasure  any  number  of 
its  terms,  each  following  term  shall  be  related  to  the 
same  number  of  preceding  terms  according  to  a  constant 
law  of  relation.  See  Recurring  Sebies. 
Recukrino  Dccimah.  SeeREPETKNS. 
RED,  in  Physics,  or  Optics,  one  of  the  simple  or  pri- 
mary colours  of  natural  bodies,  or  rather  of  the.  rays  of 
light. — 1'he  red  rays  are  the  least  refrangible  of  all  the 
rays  of  light.  And  hence,  as  Newton  supposes  the  dif- 
ferent degrees  of  refrangibility  to  arise  from  the  different 
magnitudes  of  the  luminous  particles  of  which  the  rays 
consist  i  therefore  the  red  rays,  or  red  light,  is  concluded 
-to  be  that  which  consists  of  tho  largest  particles.  See 
Colour, and  Light. — Authors  distinguish  three  general 
kinds  of  red :  one  bordcrinn  on  the  blue,  as  colombine, 
or  dove-colour,  purple,  ana  cr.iniGon  ;  aiuther  bordering 
on  yellow,  as  flame-colour  and  orange ;  and  betwectv 
these  extremes  is  a  raedima,  which  is  that  which  is  pro- 
perly called  red. 

EEDAN&,  DrRBDA,HT,orRzcKNT,  in  Fortification, 
is  a  kind  of  work  indented  like  the  teeth  of  a  saw,  with 
salient  and  re-entering  angles ;  to  the  end  Chat  one  part 
may  flank  im-  defend  anotber.  It  is  called  also  Saw-work, 
and  Indented  work. — Redans  are  often  used  in  fortifying 
of  walls,  where  it  is  not  necessary  to  be  at  the  expense 
of  building  bastions;  as  when  they  stand  on  the  side  of 
a  river,  or  a  marsh,  or  the  sea,  &c.  But  the  fault  of 
such  foitificatioo  is,  that  the  beaiegets  from  one  battel^ 


may  ruin  both  udes  of  (he  tenailleorfront  of  a  place,  and 
make  an  assault  without  fear  of  being  enfiladed,  since  the 
defences  are  ruined. — The  parapet  of  the  corridor  also 
is  frequently  redented,  or  carried  on  by  the  way  of 
redans. 

REDOUBT,  or  Rrdoittb,  in  Fortification,  a  small 
fort,  without  any  defence  but  in  front, used  intrenches, 
lines  of  circumvallaiion,  contKaviilJaiion,  and  approach, 
as  also  for  the  lodging  of  corps  de  garde,  and  to  defend' 
passu  ges. 

A  Detached  Redoubt,  is  a  kind  of  work  resembling  a 
ravelin,viih  flanks,  placed  beyond  the  glacis — It  is  made 
to  occupy  some  spot  of  ground  which  might  be  ad- 
vantageous to  the  besiegers ;  and  also  to  oblige  the  enemy 
to  open  his  trenches  farther  off'  than  he  would  other- 
wise do. 

REDUCING  Scale,  or  Survetiwc  Scale,  is  a  broad 
thin  slip  of  box,  or  ivory,  having  several  lines  and  scales 
of  equal  parts  upon  it;  used  by  surveyors  for  turning 
chains  and  links,  into  roods  and  acres,  by  inspection. 
Tliey  use  it  also  to  reduce  maps  and  draughts  from  one 
dimension  to  another. 

REDUCTION,  in  general,  is  the  bringing  or  changing 
some  thing  to  a  different  form,  state,  or  denomination. 

Keductioh,  in  Arithmetic,  is  commonly  understood 
of  the  changing  of  money,  weights,  or  measures,  to  other 
denominations,  of  the  same  value;  and  it  is  of  two  kinds. 
Reduction  Descending,  which  is  the  changing  a  number 
to  its  equivalent  value  in  a  lower  denomination  ;  as  pounds 
into  shillings  or  pence  :  and  Reduction  Ascending,  which- 
is 'the  changing  numbers  to  higher  denominations;  a« 
pence  to  shillings  or  pounds.     Ste  the  books  on  arith- 

REDiicTio»r(j/'R-ac(/on».  See  Fraction,  aodDECiMAE. 

Reduction  of  Equatioru.     See  Equation. 

Reduction  ofCunei.     See  Cokve. 

Reduction  of  a  Fipire,  Design,  or  Drttugit,  is  the- 
making  a  copy  of  it,  either  larger  or  smaller  than  the- 
original,  but  still  preserving  the  form  and  proportion. 

Figures  and  plans  are  nduced,  a[id  copied,  in  various' 

ways;  as  by  the  pcntHgniph,and  proportional  compasses.. 

See  PENTAGHAFit,  and  Vraporlionat  Compasses.     Thv 

best  of  the  other  methods  of  reducing  are  as  below. 

To  reduce  a  titnple  Rectilinear  Figure  6j  Linea, 

Choose  a  point  P  any  where  about  the  given  figure- 
ASCDE,  either  within  it,  or  without  it,  or  in  one  side  or 
angle  ;  but  near  the  middle  is  best.  From  that  point  F- 
draw  lines  through  all  the  angles ;  on  one  of  which  take 
pa  to  PA  in  the  proposed  proportion  of  the  scales,  oc 
linear  dimensions;  then  drnw  ah  parallel  to  ab,  bc.toBC„ 
&c;  so  shall  a^i/e  be  the  reduced  figure  sought,  either- 
greater  or  smaller  than  the  original.- 
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Tb  Reduce  a  Figure  by  a  Scale.— Meiuun  M  the  sides, 
'  sod  diagonals,  of  the  figure,  as  abcde,  by  a  scale  ;  and 
lay  down  the  same  measarcs  respectively,  ftom  another 
scaie,  in  the  proportion  required. 

To  Rfduce  a  Map,  Design,  or  Figure,  by  Squaxet.     Sea 
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ON  to  the  Ecliptic,  in  AstToaoiny,  is  the  difici- 
ence  between  the  argumei^f  of  lati- 
tude, as  Np,  and  an  arc  of  ihe  eclip- 
tic KB.,  interce|itcd  between  the  place 
of  a  planet,  and  [tie  nude. — To  find 
this  Tcductiuii,  or  difference;  in  the 
rigbt-angleii  spherical  triangle  kpRi 
are  given  the  angle  of  inclination, 
'  and  the  ai^umcm  of  latitude  np  ;  to 
findNRi  then  the  dif.  between  HP 
and  NR  is  the  reduction  sought. 

REDUNDANT  Uyperb^  is  a  curve  of  the  higher 
kind,  so  called  because  it  exceeds  the  conical  hyperbola 
in  the  number  of  le^ ;  being  a  triple  hyperbola,  with  6 
hyperbolic  legs.  See  Newton's  E^um.  Ha.  tertti  Ordisis, 
Qominaformarum,  &c. 

RE-ENTERING  Angle,  in  FortificaUon,  is  an  uigle 
whose  point  is  turnt-d  inwards,  or  towards  the  place. 

REFLECTED  Ray,  or  Viaion,  is  tbat  which  is  made  by 
the  reflection  of  light,  or  by  light  first  received  upon  the 
surface  of  some  body,  and  thence  reflected  again.  See 
.Rav,  VisioK,  and  KsFLtcTioH. 

REFLECTING  Circle,  or  Senucircte.  an  ingenious  Mid 
useful  ins'trument,  adapted  to  the  purposes  of  surveys,  es- 
pecially those  of  the  military  kind,  in  forming  sketches  in 
tlie  practice  of  reconnoitering. 

This  instrument  is  the  invention  of  sir  Howard  Douglas 
Bert,  lieu  ten  ant-govern  or  of  the  senior  department  of  the 
Royal  Military  College,  it  Earnham  ;  and  which,  irilh  the 
many  useful  regulations  and  good  manogriDCnt  of  the  col- 
lege, are  so  many  verifications  of  the  promising  hopes  in- 
dicated by  his  talents  and  regular  good  conduct  in  the 
Rojal  Mil.  Acad,  at  Woolwich,  where  sir  Howard  re- 
ceived his  military  education. 

The  instrument  combines  the  vffect  of  a  Hadle/s  qua- 
drant and  of  a  protractor,  together ;  or  it  combines  the 
tneasuriiig  principle  with  a  circular  protractor,  in  such  a 
manner,  th^t  the  index  or  limb  of  thv  instrument  shall  de> 
scribe  the  whole  of  the  measuri'd  angle.  By  this  contri- 
vance, the  angles  taken  in  the  field,  may  ba  prutraciid  at 
once,  in  iheir  real  rnegnliudf,  on  the  sketch,  without  the 
'trouble  of  reading  off  the  degrees.  It  is  therefore  particu- 
larly uselu!  in  surveying,  to  determine  the  true  situations 
of  objects,  at  the  »anie  lime  that  the  ground  is  sketched. 

To  the  radius  or  limb  of  a  semicircular,  or  circular, 
protractor,  abc  (pi.  31,  fig.  S),  is  fixed  ihe  index  gla^s 
CE  ;  and  the  horizon  glass  wQ  is  fixed  on  a  bar,  hi,  which 
.  has  a  inoliun  on  the  centre  x.  This  bar  slides  on  a  pin  o, 
attached  to  the  limb  or  radius  carryingthe  index  glass  ; 
the  pin  being  adjusted  so,  that  there  shall  be  no  apparent 
index-error,  and  exactly  in  the  same  circle  with  ihe  point 
K  :  the  principal  limb  will  then  describe  the  whole  angle 
mecsured. 

Ihus  the  new  reflecting  circle,  orsemircircle,  is  divided 
into  3IJ0°,  180'',  instead  of  the  double  number,  as  in  the 
repeating  circle,  and  the  length  of  the  arc  of  the  latter  is 
equal  to  that  of  a  sextant,  whose  radius  is  the  length  of  the 
sliding  bar,  that  is,  the  diameter  of  the  circle.    A  vernier 


is  applied  to  read  off  with  accurscf.     A  4-iiich  plottiiw 
or  diagonal  scale  of  I  mile,  divided  into  yards,  isengnven  - 
on  the  fixed  limb  of  the  insthiment ;  by  help  of  which  all 
the  cases  of  trigonometry  can  be  solved  by  construction. 

To  those  acquainted  with  the  common  sextant,  the  us« 
of  the  reflecting  semicircle  will  be  obvious.  The  eye  is 
applied  to  the  end  of  the  bar  q  :  the  iiutrument  is  held  in  - 
the  right  hand,  by  the  end  of  the  fixed  limb,  and  is  directed 
so  that  the  iefi,  or  direct  object,  is  seen  Uirough  Ihe  un- 
silvered  pan  of  the  horixon  glass.  Apply  the  thumb  uf 
the  left  hand  to  the  end  of  the  moveable  limb,  and  turn  it 
till  the  other  object  is  seen  reflected  in  the  lower  pari  of 
thehurision  gloss;  t^en  pes  is  the  measured  an^,  which 
can  be  protracted  at  once,  placing  the  centre  s  over  the 
station, — The  errort  or  Inistakes  arising  from  reading  off 
in  a  hurry,  art  thus  avoided  ;  the  operations  of  protract- 
ing the  point*,  andsketcbing  the  features  of  the  ground,  are 
combined  ;  and  the  sketch  much  sooner  completed. 

M  is  asmall  screw,  to  adjust  the  horiaoo  glass  perpeii- 
dicular  to  the  plane  of  the  instrument ;  and  n  ig  another 
small  screw,  behind  the  index  gloss,  to  adjust  it  parallel 
(o  the  horiion  glass,  when  the,vernier  cuts  0  degree  on  the 

For  other  instruments  ofrcflection,  see  CiRCirLAK  Jn- 


KEFLECTINO,  orRtavL^xiVE,  DM^.isa  kindof  dial 
which  shows  the  houf  by  means  of  a  thin  piece  of  looking- 
glass  plate,  duly  placed  to  throw  the  snn's  rays  to  the  top 
of  a  ciehug,  on  which  the  hour-tiaes  are  drawn. 

RErLSCTiNG  T^slexepe,  is  one  in  which  the  rays,  from 
the  object  to  be  viewed,  are  first  received  on  a  speculum, 
or  polished  reflecting  surface,  of  a  proper  form,  thence  to 
another  speculum,  and  so  to  the  eye.     See  Telescope. 

REFLECTION,  or  Rbflzxion,  iti  Mechanics,  is  the 
return,  or  regressive  motion  of  a  moveable  body,  occasioned 
by  the  resistance  of  another  body,  which  hinders  it  from 
pursuing  its  former  course  of  direction. 

Beflrction  is  conceived,  by  the  latest  and  best  authors, 
OS  a  motion  peculiar  to  elastic  bodies,  by  which,  after 
striking  on  others  which  they  cannot  remove,  they  recede, 
or  turn  hack,  or  aside,  by  their  elastic  power.  On  this 
principle  it  is  asserted,  that  there  may  be,  and  is,  a  period 
of  rest  between  the  incidenci^  and  the  reflection ;  since  the 
reflected  motion  is  not  a  continuation  of  the  other,  but  a 
new  motion,  arising  from  a  new  cause  or  principle,  viz,  the 
power  of  elasticity. 

It  is  one  of  ihegreat  laws  of  reflection,  that  the  angle  of 
incidence  is  equal  to  the  angle  of  reflection ;  i.  e.  that  the 
angle  which  the  direction  of  motion  of  a  striking  body 
makes  with  the  surface  of  the  body  strack,  is  equal  to  the 
angle  made  between  the  same  surface  and  the  direction  of 
motion  after  the  stroke.     See  Ihcidekcb  and  Percus- 

Reflrction  i^  ike  Saye  ^  Light,  like  that  of  other 
budi<-s,  is  their  motion  after  being  reflected  from  the  sur- 
faces of  bodies.  The  reflection  of  the  rays  of  light-fhim 
the  surfaces  of  bodis,  is  the  means  by  which  those  bodies 
become  visible.  And  the  dispoaiiion  of  bodies  to  reflect 
this  or  that  kind  of  rays  most  copiously,  is  the  cause  of 
their  being  of  this  or  that  colour.  Also,  the  reflection  of 
light,  from  the  sur&c»  of  mirrors,  makes  the  subject  of 
catoptrics. 

The  reflection  of  li^t,  Newton  has  shown,  is  not  c0i;ct- 
<d  by  the  rays  striking  on  the  very  parts  of  the  bodies; 
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bat  ty  sone  power  nf  the  body  equally  dtfu^  thrcH^  be  «hovii  in  various  other  ways :  thus  ex.  gr.  placing  a 

out  iu  whole '  ■urface,  by  which  it,  acts  upon  the  ray,  at-  senucircle  urs  on  a  mirror  de,  its  centre  on  b,  and  )(s 

tractingpiTepellingit  without  any  real  in  mediate  contact,  limb  or  plaue  perpendicular  to*the  speculoni  j  then  b»> 

This  power  he  aUo  ^bows  is  ihe  same  by  which,  in  other  tiuming  equal  &re$  no  and  sh  ;  place  an  object  ii 

circumstances,  tbe  rajs  arc  refracted  ;  and  by  which  ibcy  *'" :-  -  -  -i         ■••    • 

are  at  first  emiited  (lotn  the  lucid  body. 

Dr.  PrJeUley  says,  it  is  not  nore  probable,  that  the  rays 


--,-- J,  and 

_  e  in  c :  then  will  the  objpct  be  seen  by  a  ray  re- 
flected from  the  point  b.     But  by  covering  b,  Ihe  object 


n  reflects  rays  falling  on  it, 


I  cease  to  be  seen. 

II.  Every  point  of  aspecului 
from  every  point  of  an  object. 

III.  If  t  be  eyed  and  tlie  radiunt  point  a  change  places, 
the  point  will  conlioue  tu  radiate  upon  the  eye,  in  the 
same  course  or  path  as  before. 

IV.  The  plane  of  redcciion  is  perpendicular  to  the  sur- 
face of  the  speculum  ;  and  it  passes  through  the  centre  in 


of  U^fat  are  trammitted  from  (be  sua,  with  an  uniform 
disposition  to  be  reflected  or  refracted,  according  to  the 
circumstances  uf  the  bodies  on  which  tfaey  impinge;  and 
that  the  transmiision  of  some  uf  the  rays,  apparently  u 
der  the  satac  circumstances,  with  others  that  are  reflected; 
is  owing  to  the  minute  vibrations  at' the  small  part£  of  the 
tarfaces  of  the  mediums  through  which  the  rays  pass;  vi- 
brations that  are  independent  of  action  and  reaction  be-  spbcrical  specula, 
tween  the  bodies  and  the  particle*  of  li^bt  at  the  time  of  Rbplgctioh  qf  the  Moon,  is  a  term  used  by  some  au- 
their  impingeing,  though  probably  excited  by  the  action  of  thors  for  what  is  otherwise  called  her  variation  ;  being  the 
pibceding  rays.     Hist,  uf  Light  and  Colours,  pa. 309.  3d  inequality  i)^  hor  motion,  by  which  her  true  place  out 

Newton  concludes  his  account  of  ibe  reflection  of  light     of  the  quadratures  differs  from  her  place  twice  equated. 
with  observing,  that  if  lii(bi  be  reflected  not  by  impingeing         Keflectiux  is  also  used  in  the  Copemican  system,  for 
ea  the  solid  parts  of  bodies,  but  by  some  other  principle,     the  distance  of  the  pole  from  the  horizon  of  the  disc  ;- 
it  is  probable  that  as  many  of«ts  rays  as  impinge  on  the    which  is  the  same  thing  as  the  sun's  declination  in  the  Plo- 
solid,  parts  of  bodies  are  npt  reflected,  but  stifled  and  lost    lemaic  system. 

in  the  bodies.     Otherwise,  he  says,  we  must  suppose  two         RKFLECTOIRE  CoEva.     See  Sefiectoire  Curve. 
(  for  should  all  the  rays  be  reflected        REl  LEX  IBILITY  o/ike  R<ys  qf  Light,       " 


r  cry-    by  which  they  aredisposed  to  be  n-flet'tiid. 


colour. 


disposition  to  be  turned  back  into  the  same  medium,  from 
any  other  medium  on  whose  surface  they  fall.  Hence 
those  rays  arc  said  to  be  more  or  less  reflcxible,  which  are 
{turned  back  more  or  less  easily  under,  the  same  inci- 
dence. Thus,  if  light  pass  out  of  glass  into  air,  and  by 
being  Inclined  mure  and  more  tn  ihc  common  surface  of 
begins  at  length  to  be  totally  reflected  by 
F  kinds  of  rays  wbiih  at  like  incidences 
copiously,  or  the  rays  which  by  being 
nest  to  be  totally  reflected,  are  the  jnosc 


th.  gi». 


kinds  of  reflectiot 

which  iioptnge  on  the  internal  parts  of  clear  w 
■tal,  those  substances  would  rather  have  a  clou 
than  a  clear  transparency.     To  make  bodies  lot 
is  necessary  that  many  rays  be  .stopped,  retained  and  Itis 
in  them;  aod  it  dnetnutscero  probable  that  any  rays  can 
be  stopped  aad  stifled  in  ibem,  which  do  not  impinge  o 
their  parts  :  and  hence,  he  says,  we  may  understand,  the 
bodies  are  much  more  rare  and  porous  than  is  commonly 
believed.     However,  M.  Elougu<r  disputes  the  fact  of  light    that  surface,  thoa 
being  stifled  or  lost  by  impingeing  on  tiie  solid  parts  oi    are  reflected  mo 
,  bodies.  inclined  begin  sc 

Revlectiom,  in  Catoptrics,  is  the  return  of  a  ray  of  reflcxible  rays. 
Ught  from  the  polished  sur&ce  of  a. speculum  or  roiiror.  That  rays  of  light  are  of  different  colours,  and  endued 
as  driven  thence  by  some  powerresiding  in  it..  The  ray  with  different  degrees  of  reflex! bility,  was  first  discovered 
thu&  returned  is  called  a  reflex  or  reflected  ray,  or  a  ray  by  sir  I.  Ncwtuci ;  and  it  is  shown  by  the  following  exp&- 
of  reflection;  and  the  point  of  the  speculum  uherethe  hment.  Applying  a  pnsm  DJEto  the  aperture  c  ofa 
ny  commences,  ia  called  the  point  of  reflection.  Thus, 
the  ray  ab,  proceeding  from  the  ra- 
diant A,  and  striking  oh  the  point  of 
the  speculum  b,  being  returned 
thence  to.c,  BC  represents  the  r^ 
fleeted  ray,  and  n  the  ptint  of  re- 
flection^  in  respect  of  which,  ab  re- 
presents the  incident  ray,  or  ray  of 
incidence,  and  n  the  point  of  incidence  ;  also  the  angle 
CBBis  the  angle  of  reflection,  and  abd  the  angle  of  inci- 
dence ;  where  sa  is  the  reflecting  surface,  or  at  least  a 
tangent  to  it  at  t  be  point  B.  Though  some  count  tbe  angle 
'of  incidence  and  of  reflection  from  tbe  perpendicular  bp. 

Gaitrai  Lt«o»  qf  Rbplection. — 1.  When  a  ray  of/  darkened  room,  in  such  manner  that  the  light  be  reflected 
light  is  reflected  from  a  speculum  of  any  form,  the  angle  of  from  the  base  in  B  ;  the  violet  rays  are  seen  first  reflected 
incidence  is  always  equal  to  theangie  of  reflect'ion.  This  into  ho  ;  the  other  rays  continuing  still  refracted  to  i  and 
lew  obtains  in  the  percussions  of  all  kinds  of  bodies  ;  and  K.  After  the  violet,  the  blue  are  all  rtflecled  ;  then  the 
consequently  must  do  so  in  those  of  light;  the  proof  of-  gi(^n,  dsc— Hence  itappears.thatthediff'erently  coloured 
which  may  be  seen  at  the  article  Imcidencb.  This  law  rays  differ  in  degree  of  reflexibility.  And  from  other  ex- 
ii  cooflrmed  also  by  experiments  on  all  bodies :  and  on  pfriments  it  appears,  that  those  rays  which  are  most  re- 
die  rays  of  light  in  this  manner :  A  ruy  from  the  sun  fall-    flexible,  are  also  most  refrangible. 

ing  on  a  mirrw,  in  a  dark  room,  through  a  small  hole,  REFLUX  i^'he  Sea,  is  the  ebbing  of  tbe  water,  or  its 
will  be  seen  to  rebound,  so  as  to  make  the-angleof  reflec-  return  from  the  shore;  being  so  called,  because  it  is  the 
tion  equal  to  the  au^e  of  incidence.     And ,the  same  4nay     opposite  motion  to  the  flood  or  flux.     SecTlDS- 
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REFRACTED  Angle,  or  AngU  of  R^aetitm,  in  Optics,  diuin :  in  perptndicalsr  incideoce  there  is  no  refraction, 

it  tbe  angle  wbich  the  refracted  ray  makes  witb  the  re-  Yet  Voscius  and  Snell  imagined  ibiej  had   observed  a 

fracting  surface ;  or  sometimes  it  denotes  the  coni|dement  perpendicular  ray  of  light  undergo  a  .refraction  ;  a  per- 

of  that,  or  the  angle  it  mukcs  with  the  perpendicular  to  ppndicular  object  appearing  in  the  water  nearer  than  it 

the  said  surface.  realty  was  :    but  this  was  attributing  that  to  a  refraction 

RErRActcD  Din/f,  or  B^aeAng  DiaU,   are  such  as  of  tbe  perpendicular  rays,  which  was  owing  to  the  diver- 

tbgw  the  hour  by  means  of  some  refracting  transparent  gency  of  the  oblique  mys  after  refraction,  from  a  nearer 

fluid.  point.     Yet  there  is  a  manifest  refraction  even  of  perpen- 

Rbfracted  Rny,  or  fitly  of  Abfraction,  is  a  ray  dicular  rays  found  in  island  crystal. 

after  it  it  brokin  or  bent,  at  tbe  common  surface  of  two  Robault  adds,  that  though  an  oblique  incidence  be  ne- 

difierent  mediums,  where  it  passes  from  the  one  into  tbe  cessary  in  all  other  mediums  we  know  of,  yet  the  obli- 


. other.     See  Ray,  end  Refraction'. 

Refracting  Telescope,  is  one  by  which  the  rays  from 


quiiy  must  not  exceed  a  ccn 
.  penetrate  tbe  mediii 


n  degree ;  if  it  do,  the  body 
but  will  be  reflected,  in- 
n  object  are  transmitted  to  the  eye  through  certain  lenses     stead  of  being  refracted.     Thus,  cannon-balls,  in  sea  en- 
of  a  proper  form.     See  Telescope.  gagements,  falling  very  obliquely  on  the  surface  of  the 

REFRACTION,  in  ML'chanics.isthedeviationof  a  mov-  water,  are  observed  lo  bound  or  rise  from  it,  and  to  sweep 
ing  body  from  its  direct  course,  by  reason  of  tbe  different  the  men  from  off  the  enemy's  decks.  And  tbe  same  thing 
density  of  tbe  medium  it  moves  in ;  or  a  flexion  and  happens  to  the  little  stones  with  which  children  make 
change  of  dcicrmination,  occasioned  by  a  body's  passing  their  ducks  aiid  drakes  along  the  surface  of  the  water.— 
oblic|uely  out  of  one  medium  into  another  of  a  different     The  ancients  confounded  refraction  with  reflection  ;  and' 


density. 


Thus,  a  ball  a,  moving  in  the  air  in  the  line  ab,  and 
&lling  obliquely  on  the  surface  of  the  water  ci>,  does  not 
proceed'  straight  in  the  same  direction,  as  to  e,  but  de- 
viates or  is  deflected  [o  f.  Again,  if  the  ball  move  in 
water  in  tbe  line  ab,  and  fail  oCliquely  on  a  sur&ca  of  on. 
aii^CD;  it  will  in  this  case  also  deviate  from  the  same 


it  was  Newton  who  first  taught  tbe  true  difierenc 
tween  them.  Me  shows  however  that  there  is  a  good 
deal  of  analogy  between  them,  and  particularly  in  tbe 
case  of  light. 

The  laws  of  refraction  of  the  rays  of  light  in  mediums 
differently  terminated,  i.  e.  whose  surfaces  are  plane,  con- 
cave, and  convex,  make  the  subject  of  Dioptrics.  Byie- 
fraction  it  is,  that  convex  glasses,  or  lenses,  collect  the 
rays,  magnify  objects,  burn,  &c;  and  hence  the  founda- 
tion of  microscopes,  telescopes,  &c. — ;And  by  refraction 
it  is,  that  all  remote  objects  are  seen  out  of  their  real 
places ;  particularly,  that  the  heavenly  bodies  are  appa- 
rently higher  than  they  are  in  reality.  The  refraction  of 
the  air  has  many  times  to  uncertain  an  influence  on  the 
places  of  celestial  objects,  near  tlie  horizon,  (hat  wherever 
refraction  is  concerned,  the  conclusions  deduced  from  ob- 
servations that  are  much  affected  by  it,  will  always  re- 
doubtful,  and  sometimes  too  precarious  to  be  relied 
See  Dr.  Bradley  in  Pbilot:  Trans,  number  485. 
the  cause  of  refraction,  it  does  not  appear  that 


continued  direction  be,  but  the  contrary  way,  and  will  any  person  before  Descartes  Attempted  to  explai 

go  to  o,  on  the  other  side  of  it.     Now  ibe  deflection  in  he  undertook  to  do  by  the  resolution  of  forces,  on  tbe 

either  case  is  called  the  Refraction,  the  refraction  bring  principles  of  mechanics ;  in  consequence  of  which,  he 

towards  thf  denser  surface  bd  in  the  former  case,  butfrom  was  obliged  to  suppose  th^t  light  passes  with  i 


n  the  latter! 

These  ivfractions  are  supposed  to  wise  from  hence ; 
that  the  ball  arriving  at  B,  in  the  first  case  finds  more  re- 
sistance or  oppoBition  on  the  one  side  o,  or  from  the  side 
of  the  water,  than  it  did  from  the  side  T,  or  that  of  the 
Bir;  and  in  ihe  luiter  more  resistance  from  the  side  P, 
which  is  now  the  side  of  the  water,  than  the  side  o,  which 
is  that  of  the  air.  And  so  for  any  other  differ^t  media  ; 
a  visible  instance  of  which  is  often  perceived  in  the  falling 
of  shot  or  shells  into  the  earth,  as  clay  6;c,  when  the  per- 
foration is.found  to  rise  a  little  upwards,  toward  the  sur- 
face. However,  anotJier  reason  is  assigned  for  the  refrac- 
tion of  the  rays  of  li«ht,  whose  refrnclions  lie  the  con- 
trary way  to  those  ubiive,  as  will  be  seen  in  what  follows, 
viz,  that  water  by  its  greater  attraction  accelerates  the 
motion  of  the  rays  of  light  more  than  air  does. 

RzvRAcmoy  qf  iigkt,  in  0|itici,  is  an  inflection  or 
deviation  of  the  rays  from  their  rectilinear  course  on 
passing  obliquely  out  of  one  medium  into  another,  of  a 
different  density.  That  a  body  may  be  refracted,  it  is 
necessary  that  it  should  fall  obliquely  on  the  second  me- 


through  a  dense  medium  than  a  rare  one ;  thus,  the  ray 
AC  falling  obliquely  on  a  denser  medium  at  c  is  supposed 
to  be  acted  on  by  two  forces,  one  of  them  impelling  it  in 
the  direction  al,  and  the  other  in  ae,  which  atone  can 
be  eff'ected  by  the  change  of  medium  ;  and  since,  after 
the  ray  has  entered,  the  denser  medium,  it  approaches  the 
perpendicular  ci,  it  is  plain  jhat  this  force  must  have  re- 
ceived an  increase,  while  the  other  continued  the  same. 

The  first  person  who  quesiioncd  the  truth  of  this  ex-  _ 
planation  of  the  cause  of  refraction,  was  Kermat:  he  as- 
serted, contrary  to  Descartes,  that  light  suffers  greater 
resistance  in  water  than  in  air,  and  greater  in  glass  than 
in  water  ;  and  he  maintained  that  the  resistance  of  diflii- 
rcnt  mediums,  with  respect  to  It^ht,  is  in  proportion  to 
their  densities.  Leibnilz  also  adopted  the  same  general 
idea  ;  and  they  rpatoned  on  the  subject  in  the  following 
manner.  Nature,  say  they,  accomplishes  faer  ends  by 
the  shortest  methods  ;  and  therefore  light  ought  to  pass 
from  one  point  to  another,  either  by  the  shortest  courts, 
or  by  that  in  which  the  least  time  is  required.  But  it  is 
plain  that  tbe  path  in  which  light  passes,  when  it  falls 
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oUiqvely  on  b  demer  mediant,  i>  not  Um  mott  direct  and  might  be  ihoivn  by^  tlie  observations  of  Mr.  lAiAj- 
OT  the  thorteit;  and  therefore  it  must  be  that  in  which  neux  and  Dr.  Bradley  on  the  parallax  of  the  fixed  stan, 
the  leait  time  is  spent.  And  whereas  it  is  demonstrable,  that  their  rays  aru  not  at  all  impeded  by  the  rapid  mo- 
th at  light  falling  obliquely  upon  a  denser  medium  (in  or-  tion  of  the  earth's  atmosphere,  nor  by  the  object-glass  of 
der  to  talie  up  the  least  time  possible,  in  passing  from  a  the  telescope,  through  which  they  pass.  And  by  New- 
point  in  one  medium  to  a  point  in  the  other)  must  be  re-  ton's  theory  of  refraction,  which  is  erounded  on  cxperi- 
fracied  in  such  a  manner,  that  the  sine  of  the  angles  of    once  only,  it  appean  that  light  is  so  Ar  from  being  resist- 

incidence  and  refraction  must  be  to  one  another,  as  the  ed  and  retarded  by  refraction  ihto  any  dense  medium, 

different  facilities  with  which  light  is  transmitted  in  those  that  it  is  swifter  there  than  in  vacuo  in  the  ratio  of  the 

mediums  ;  it  follows  that,  since  light  approaches  the  per>  >'oe  of  incidence  in  vacuo  to  the  sine  of  refraction  into 

pendicular  when  it  passes  obliquely  from  air  into  water,  the  dense  medium.     Priestley's  Hist,  of  Light,  &c,  p.  102 

the  bcility  with  which  water  suffers  light  to  piss  trough  and  333. 

it,  is  less  than  that  of  the  air ;  so  that  the  light  meets        Newton  shows  that  the  refraction  of  light  is  not  pcr- 

with  greater  resistance  in  water  than  in  air.  :formed  by  the  rays  falling  on  the  very  surface  of  bodirs ; 

This  method  of  arguing  from  final  causes  could  not  but  that  it  is  effected,  without  any  contact,  by  the  action 

satisfy  philosophers.     Dr.  Smith  observes,  that  it  agrees  of  some  power  belonging  to  bodies,  and  extending  to  a 

pnly  to  the  case  of.refqiction  at  aplsnesurfsce;  and  I  bat  certain  distance  beyond  their  surfaces;    by  which  same 

the  hypothesis  a  altogether  arbitrary.  power,  acting  in  other  circumstances,  they  are  also  emitted 

Deobales,  in  explaining  the  law  of  refraction,  supposes  and  reflected, 
that  every  ray  of  light  is  composed  of  several  smaller        The  manner  in  which  refraction  is  performed  by  mere 

rays,  which  adhere  to  one  another;  and  thai  they  are  re-  attraction,  without  contact,  may  be  thus  accounted  for  : 

fracted  towards  the  perpendicular,  in  passing  into  a  denser  Now  suppose  hi  the  boundary  of  two  mediums,  m  and 

medium,  because  one  part  of  the  ray  meets  with  more'  O  i  the  £rst  the  rarer,  ex.  gr. 

resistance  than  another  part ;  so  that  the  former  traverses  air;  the  second  the  denser,  ex. 

a  smaller  space  than  the  latter ;  in  consequence  of  which  gi*.  glass  ;  the  attraction  of  the 

the  ray  must  necessarily  bend  a  little  towards  the  perpen-  mediums  here  will  be  as  iheir       . 

dicular.     This  hypotbesis  was  adopted  by  the  celebrated  densities.      Suppose  ps    to  be     jj<""'Y 

Dr.  Barrow,  and  indeed  some  say,  he  was  the  author  of  the  distance  to  which  the  at-      ju 4 

it.     Now  uD  this  hypothesis  it  is  plain,  that  mediums  of  a  trading  force  of    the   denser       I      ": 

greater  refractive  power,  must  give  a  greater  resistance  to  mediumexerts  itself  within  the        :      ^ 

the  passage  of  the  rays  of  light,  than  mediums  of  a  less  rarer.     And  let  a  ray  of  light     id i _ 

lefractive  power;  which  is  contrary  to  fact.  Aa  fell  obliquely  un  the  sur-  ^ 

Tbe  Bernoultis,  both  father  and  son,  have  attempted  face  which  separates  the  mediums,  or  rather    un  Ihesur* 

to  explain  the  cause  of  refraction  on  mechanical  princi-  facets,  where  the  actioa  of  the  second  and  more  resist 

files;  the  former  on  tbe  equilibrium  of  forces,  anil  the  >ng  medium  commences  ;  then  as  the  ray  arrives  at  a,  it' 

atter  on  tbe  same  principle  with  the  supposition  of  ethe-  will  begin  to  be  turned  out  ef  its  rectilinear  course  by  a 

real  vortices  :  but  neither  of  these  hypotheses  has  gained'  superior  force,  with  which  it  is  attracted  by  the  medium 

much  credit.  o,  more  than  by  |he  medium  v  ;  hence  the  ray  is  bent 

M.  Mairan  supposes  a  subtle  fluid,  filling  the  pores  of  out  of  its  right  line  in  every  point  of  its  passage  between 

all    bodies,    and  extending,   like  an  atmosphere,   to  a  pi  and   bt,  within  which  distance  the  attraction  acta ; 

small  distance  beyond  their  surfaces;  and  then  he  sup-  and  therefore  between  thise    lines  it  describes  a  curve 

poses  that  the  refraction  of  light  is  nothing  more  than  a  a^b;  but  beyond  kt,  being  out  of  the  sphere  of  atlrac- 

necessary  and  mechanical  effect  of  tho  incidence  of  a  tion  of  the  medium  k,  it  will  proceed  uniformly  in  a 

small  body  in  those  circumstances.     There  is  more,  he  right  line,  according  to  the  direction  of  the  curve  in  the 

says,  of  the  refracting  Auid,  in  water  than  in  air,  more  in  point  b. 

glass  than  in  water,  and  in  general  more  in  a  dense  me-        Again,  suppose  »  the  denser  and  more  attracting  me- 
dium than  in  one  that  is  rarer.  dium,  o  the  rarer,  and  hi  the  boundary  as  before;  and 

Maupertuis  supposes  that  the  course  which  every  ray  let  kt  be  the  distance  to  which  the  denser  medium  exerts 
takes,  in  passing  out  of  one  medium  into  another,  is  that  its  attractive  force  within  tbe  rarer:  then  even  when  the 
which  requires  the  least  quantity  of  action,  which  depends  ray  has  passed  the  point  b,  it  will  be  witliin  ihe  spfaen:  of 
on  the  velocity  of  the  body  and  the  space  it  passes  over ;  the  superior  attraction  of  the  denser  medium  ;  but  that 
90  that  it  is  in  proportion  to  the  sum  of  ibc  products  aris'  attraction  acting  in  lines  perpendicular  to  its  surface,  the 
ing  from  thespaces  multiplied  by  the  velocities  with  which  ray  will  be  continually  drawn  from  its  straight  course 
bodies  pass  over  them.  From  this  principle  he  deduces  bm  perpendicularly  towards  iii :  tljus,  having  two  forces 
the  necessity  of  the  tine  of  the  angle  of  incidence  being  or  directions,  it  will  have  a  compound  motion,  by  which, 
in  u  constant  ratio  to  that  of  refraction ;  and  also  all  the  instead  of  bm,  it  will  describe  on,  which  will  in  strict- 
other  laws  relating  to  the  propagation  and  redcction  of  ness  be  a  curve.  Ijisily,  after  it  has  arrived  at  m,  being 
light.  out  of  the  influence  of  the  medium  »,  it  wilt  persist  uni- 

Dr.  Smith  (in  hit  Optics,  Remarks,  p.  70)   observes,  fornily,  in  a  right  line,  in  the  direction  in  which  the  ex- 

tbat  alt  uthcr  ih«-ories  fof  explaining  the  reflexion  and  trcmiiy  of  the  curve  leaves  it. — Thus  we  see  bow  refrac- 

refraction  of  light,  except  that  of  Newton,  supjHise  that  tion  is  ptrfurmed,   both  towards  the  perpendicular  de, 

it  strikes  upon  bodies  and  is  resisted  by  them ;  which  has  and  from  it. 

never  been  proved   by  any  deduction  from  experience.        RErRACTioN  mD)op(r»c»,  is  the  inflexion  or  lx;nd'iig"f 

On  the  contrary,  it  appeals  from  various  considerations,  the  rays  of  light,  in  passing  the  surfaces  of  glaeieq,  lenses, 
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and  dtber  transparent  bodies  of  different  denstiies.  Thu*,- 
■  rny,  as  As,  fulling  cib)i({uely  from  tbc  radiant  A,npon  & 
point  B,  in  a  diBphanous  surface  hi,  rarer  or  denser  tban 
the  medium  along  which  it  was  propagated  from  tbe  ra- 
diant, has  its  direction  there  altered  by  the  action  of  the 
new  medium  ;  aiid  instead  of  proceeding  to  u ,  it  deviates, 
as  for  ex.  toe 

This  deviation  is  Called  the  Refraction  of  the  ray  ;  ac 
the  Refracted  ray,"  or  Line  of  Rerraction ;  and  Bthe  Point 
of  Refraction. — The  line  ab  is  als"  called- the  Line  of  In- 
cidence ;  and  in  respect  of  it,  B  is  also  called  the  Point  of 
Incideace.  The  plane  in  which  both  the  incident  and  re 
frucied  ray  are  found,  ij  called  the  Plane  of  Refraction  ; 
aUo  a  right  line  be  drawi>  in  the  refracting  medium  per- 
pendicular to  ibe  refracting  surface  at  the  point  of  retrac- 
tion B,  is  called  the  A\is  of  itefraction  ;  und  its  conti- 
nuation SB  along  the  medium  through  which  the  ray  falls, 
is  called  the  Anis  of  Incidence. — Further,  the  an^Io  abi, 
made  by  the  incident  ray  and  the  refracting  surface,  is 
usually  called  the  Angle  of  Incidence  ;  and  the  jingle  abd, 
between  the  incident  ray  and  the  axis  of  incidence,  i 


SEr 

to  that  of  thfl  lines,  >bich  n  the 


the  ratio  of  tbe  c 
same  thing. 

It  is  to  be  observed  bowewr,  that  as  the  r*^  of  light 
are  not  all  of  the  same  degree  of  refranglbility,  this  con- 
stant ratio  must  be  different  in  different  kinds :  so  that  tha 
ratio  mentioned  by  authors,  is  to  be  understood  of  rays  of 
the  mean  refrangibility,  i.  e.  of  green  rays.  The  diffcrenca 
of  refraction  between  the  least  and  most  refrangible  rayst 
that  )3,  between  violet  and  redrays,  Newton  thows,  is  about 
tbe  y^  of  jhc  wfaole  refraction  of  the  mean  refrangible  j 
which  difierence,  he  allows,  is  so  small,  that  it  seldom 
needs  to  be  regarded. 

Different  transparent  substances  have  indeed  very  dif* 
fcrent  degrees  of  refraction,  and  those  not  according  to 
any  regular  law;  as  appears  t>y  many  experiments  of  New- 
ton, Euler,  Hawksbee,  &c.  See  Newton's  Optics,  3d  ediu 
pa.  247  i  Hawksbee's  Expeiim.  pa.  292j  Act, Berlin.  I762, 
pa.  303 1  Priestley's  Hist,  of  Light  &c,  pa.479. 

Whence  the  diilerent  refractive  powers  indiferentAuida 
arise,  has  not  been  determined.  Newton  shows,  that  la 
many  bodies,  as  glass,  crystal,  selenites,  pseudo-iopsi.  Sic, 


Angle  of  Inclination.     Moreover,  tbe  angle  mbc,  between     the  refractive  power  is  indeed  proportionable  to  their  den- 


the  refracted  and  incidejit  rays,  is  called  the  Angle  of  Re- 
fraction :  and  the  angle  cbf.,  between  the  refracted  ray 
and  the  axis  of  refraction,  is  the  Refracted  Angle.  But 
it  is  also  very  common  to  call  the  angles  abd  and  cbb, 
made  by  the  perpendicular  with  the  incident  and  refracted 
'   rays,  tbe  Angles  of  Incidence  and  Refractii 


'hile  in  sulphureous  bodies,  as  Camphor,  linseed, 
and  olive  oil,  amber,  spirit  of  turpentine,  frc,  the  power  is 
S  or  3  times  greater  than  in  other  bodies  of  equal  density; 
and  yet  even  these  have  tbe  refractive  power  with  respect 
to  each  other,  nearly  as  their  densitiea  Water  has  a  i«- 
fractive  power  in  a  medium    degree  between  those  two 


General  Lawt  of  Remhactjov. — LA  ray  ofligbt  inits  kinds  of  substances  ;  while  salts  and  vitriols  have  refrac- 

passage  out  of  a  rarer  medium  into  a  denser,  ex.gr.  out  of  Uvc  powers  in  a  middle  degree  between  those  of  earthy 

air  into  water  or  into  glass,  is  refracted  towards  the  per-  substances  and  water,  and  accordinjily  are  composed  of 

petidicular,  i.  e.  towards  tbe  axis  of  refraction.     Hence,  those  two  Icinds  of  matter.     Spirit  of  wific  has  a  refractive 

the  refracted  angle  is  less  than  the  angle  of  inclination  ;  power  in  a  middle  de^ee  betwetn  those  of  water  and  oily 

and  the  angle  of  refraction  less  than  that  of  incidence  ;  substances;  and  accordingly  it  seems  to  be  composed  of 

as  they  would  be  e<iual  were  the  ray  to  proceed  straight  both,  united  by  fermentation.    It  appeara  therefore,  thai 

from  A  to  M.  alt  bodies  seem  to  hare  their  refractive  powers  nearly  pr^ 

U.  The  ratio  of  thesinetof  the  angles  abd,  cbb,  made  portional  to  their  detisities,  excepting  so  ^  as  they  par- 

by  the  perpendicular  with  tbe  incident  and  refracted  ra^s,  take  more  or  less  of  sulphureous  oily  particles,  by  whic^ 

is  a  constant  and  fixed  ratio;  whatever  be  the  obliquity  those  powers  are  altered. 

of  the  incident  ray,  the  mediums  remaining.     Thus,  the         Newton  suspected  that  different  degrees  of  heat  mifht 

refraction  out  of  air  into  water,  is  nearly  as  4  to  9,  and  have  some  effect  on  tbe  refractive  power  of  bodies ;  hot  nis 


into  ^lass  it  is  nearly  as  3  to  3.     As  to  air  in  particula 
Is  shown  by  Newton,  that  a  ray  of  light,  in  traversing 


quite  through  tbe  atmosphere,  is  refracted  the  same  as  it     method  hot 


method  of  determining  the  general  refract! 
ficienily  accurate  to  ascertain  tbi 


1  well  adapted  to  this  purpose :  and 


from  Lis  experiments  he  infers,  that  the  focal  distaiice  uf  a 
siugle  lens  of  glass  diminishes  with  tbe  heat  communicated 
to  it ;  which  diminution  is  owing  to  a  change  in  the  re- 
fractive power  of  the  glass  itself,  which  ie  probably  in- 
creased by  heat,  and  diminished  by  cold,  as  well  as  that  of 
all  other  translucent  substances. 

om   the  law  above  laid  down  it  follows,  that  one 


would  be,  were  it  to  pass  with  the  same  obliquity  out  of 
vacuum  immediately  into  air  of  equal  density  with  that  in 
the  lowest  part  of  the  atmosphere. 

It  appears,  from  Ptolem/s  Optics,  that  he  was  well  ac- 
quainted with  the  phenomena  of  the  refraction  of  light,  in 
.  passing  from  one  medium  to  another;  but  he  knew  neither 
the  law  nor  the  exact  quantity  of  it,  though  he  madesome 

experiments  on  it  Vitello,  who  collected  the  knowledge  angle  of  inclination,  and  its  corresponding  refracted 
of  the  ancients  on  this  subject,  and  their  experiments-,  being  found  by  observation,  tbe  refracted  angles  corre- 
gave  a  false  law  for  the  comparison  of  the  effect,  erro-  sponding  to  the  several  other  angles  of  inclination  are 
.  noously  stating  that  tbe  angles  of  incideniire  and  reflexion  tbencc  easily  computed.  ,  Now,  Zahniusand  Kircherhave 
are  always  in  a  constant  ratio.  found,  that  if  the  angleof  inclination  be  70°,  tbe  refracted 

The  true  law  of  refraction  was  first  discovered  by  Wil-     angle,  out  of  air  into  glass,  will  be  38°  5(f;  on  which  prin- 
lebrord  Snell,  professor  of  mathematics  at  Leyden  ;  who     cipic  Zabnius  has  constructed  a  table  of  those  refnctioni 
found  by  experiment  that  the  cosecants  of  the  angles  of    for  the  several  degrees  of  the  affgle  of  inclination ;  a  sp^ 
incidence  and  refraction  are  always  in  the  same  rutio.     cimen  of  which  here  follows: 
It  was  commonly  attributed  however  to  Descartes  ;  who, 
having  seen  it  in  a  vs.  of  Snell's,  first  published  it  in  his 
Dioptrics,  without   naming  Snell,  as   Huygens  asserts; 
Descartes  having  only  altered  tbe  form  of  the  law,  froiA 
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Hence  it  appears,  that  if  the  angle  of  inclitlatioD  be  less 
tLan  30°,  the  angle  of  refraction  outof  air  into  glau  is  al- 
moit  i  of  the  ai^  of  inclination  ;  and  therefore  a  ray  is 
refracted  to  the  axis  of  refraction  by  aimost  a  tbird  part 
of  the  quantity  of  its  angle  of  inclination.  And  on  this 
priuciple  it  is  thnt  Kepler,  and  most  other  dioptrical 
writers,  demonstrate  the  refractions  in  glasses  ;  though  in 
estimaring  the  law  of  these  refractions  he  followed  the  ex- 
ample  of  Alhazen&nd  Vitello,  and  sought  to  discover  it  in 
the  proportion  of  the  angles,  and  not  in  that  of  the  liaei, 
or  cosecants,  as  discovered  by  Snell. 

The  refractive  powers  of  Kveral  aubtUnces,  ai  deter- 
aiined  by  different  philoaophers,  may  be  seen  in  the  fol- 
lowing tables;  in  which  the  ray  tssupposed  tQ  panout  of 
«ir  into  each  of  the  sutn^ucet,  and  the  annexed  numbers 
show  the  ratio  to  unity  or  1,  between  the  ainei  of  the  an^oa 
of  incidence  and  refraction. 

I.  By  Sir  Isaac  Newton's  Observations. 
Air  -  -  -  0-9997  , 


Bain  water 

1-3358 

Spirit  of  wine 

1 .36'9S 

Oil  of  vitriol 

J.-4285 

Alnm 

1-4577 

Oil  of  olive 

1-4666 

Borax       ... 

1-4667 

Gum  aiftbic 

1-4771 

Linseed  oU 

]'4814 

Selenitei 

1-4878 

Cadiphor 

1-5000 

Dantzick  vitriol     • 

1*5000 

Nitre 

1-5338 

Salgem     - 

1-5455 

GlaM 

1-5500 

Amber       -             - 

1-5556 

Rock  ciystal 

1-5620 

Spirit  of  turpentine 

1-5635 

A  yellow  pseudo-lopaa 

1-6439 

Island  crysUl          -             -' 

1-6666 

Glass  of  antimony           -     - 

1-8889 

A  diamond 

3-4390 

3.  By  Mr.  Hawkibee. 

Water         -            - 

1-3359 

Spirit  of  honey       . 

1-3359 

Oil  of  amber 

1-3377 

Human  urine 

1-3419 

White  of  an  egg      > 

1-3511 

French  brandy 

1-3625 

Spirit  of  wine      -  - 

I.S7SI 

Distilled  vinegar           ~     . 

1-3721 

Gnm  Rmmoniac      - 

1-3783 

Aquaiegia        -     - 

1.3898 

n  3  JtEP 

Aqua  fortii  .  i  -4044 

Spirit  of  nitre         -  •  1-4076 

Crystalline  humour  of  an  ox'i  eye  -1.4635.' 
Oil  of  vitriol  -  -  1.4362 

Oil  of  turpentine     -  -  1-4633 

Oil  of  amber  .  -  I-50IO 

Oil  of  cloves  -  -  1-5136 

Oil  of  cinnamon    -  -  1-5340 

3.  By  Mr.  Euler,  junior. 
Rain  or  distilled  water        -  I-335S 

Well  water  ..  .  1-3362 

Distilled  vinegar     -  •  1-3442 

French  wine  -  -  1-3458 

A  solution  of  gum  arable    •  ]'3467 

French  brandy        -  -  t-860O 

Ditto  a  stronger  kind  .  136tS 

Spiritof wine  ratified  .  1-3683 

Ditto  more  highly  rectified  1-3706 

White  of  an  egg     •  -  1-3685 

Spirit  of  nitre         -  -  1.4035 

Oil  of  Provence      -  -  1.+651 

Oil  of  turpentine    -  •  1-4833 

in.  When  a  ray  passes  out  of  a  denser  medium  into  a 
rarer,  it  is  refracted  from  the  perpendicular,  or  from  the 
axis  of  refraction. 

This  is  e-factly  the  reverse  of  the  3d  law,  and  the  quan- 
tity of  refraction  is  equal  in  both  cases,  or  both  forwards 
(na  backwards ;  so  that  a  ray  would  take  the  same  course 
back,  by  which  another  passed  forward,  vii,  if  a  ray  were 
to  pass  from  a  by  b  to  C,  another  would  pass  from  c  by  b 
to  A.  Hence,  in  this  case,  the  angle  of  refraction  is  greater 
than  the  angle  of  incliniition.  And  al(o,  if  the  angle  of 
inclination  be  less  than  30°,  mbc  is  nearly  equal  to  J  of 
XBE-,  therefore  hbc  is  j  of  cbb  ;  consequently,  if  the 
refraction  be  out  of  glass  into  air,  and  the  angle  of  incli- 
nation less  (ban  30°,  the  ray  is  rrfracted  from  the  axis  of 
refraction  by  almost  the  half  of  the  angle  of  inclination. 
And  this  is  the  oiber  dioptrical  principle  used  by  roost 
authore  after  Kepler,  to  demonstrate  the  refractioiu  of 
glassea. 

If  the  refraction  beout  of  air  into  glass,  the  ratio  of  the 
sines  of  inclination  and  refraction  is  as  3  to  3,  or  more  ac- 
curately as  17  to  11;  if  out  of  air  into  water  as  4  to  3; 
therefore  if  the  course  be  thecontrary  way,  vi:i,  out  of  glass 
or  water  into  air,  the  ratio  of  the  sines  will  be,  in  the  for- 
mer case  as  3  to  3  or  11  to  17,  and  in  the  latter  as  3  to 
4.  So  that,  if  the  refraction  be  from  water  or  glass  into 
air,  and  the  angle  of  incidence  or  inclination  be  greater 
than  about  48|  degreea  in  water,  or  greater  than  about 
40°  in  glass,  the  ray  will  not  be  refracted  into  air;  but 
will  be  reflected  into  a  line  which  makes  the  angle  of  re- 
flection equal  to  the  angle  of  incidence ;  because  the  sinra 
of  48}  and  40°  are  to  the  radius,  as  3  to  4,  and  as  11  t», 
17  nearly;  and  therefore,  when  the  nine  has  a  greater 
proportion  to  the  ratjius  than  as  above,  the  ray  fill  not  be 
refracted. 

IV.  A  ray  falling  on  a  curve  surface,  whether  concava 
or  convex,  is  'refracted  after  the  same  manner  as  if  it  fell 
on  a  plane  which  is  a  tangent  to  the  curve  in  the  point 
of  incidence.  Because  the  curve  and  its  tangent  have 
the  point  of  contact  common  to  both,  where  the  ray  U 
refracted. 

Laioi  (if  RBrBACTioM  m  j>l«iM  Sh/omk 
1.  If  parallel  rays,  4b  and  CD,  b«  refracted  out  of  cmo 
transparent  medium  into  another  of  »  difcrent  density, 
2Q2 
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they  will  continue  parallel  after  refraction,  M  Btftnd  »», 
Ilencc  a  gUis  that  u  plane  on  bmh  sidei,  b«ing  turned 
either  directly  or  cbliquL-ly  lo  the  sun,  &C,  the  light  pasi- 
inj;  Ibroughitwill  be  propagaU'd  in'tbe  same  manner  as 
if  the  glass  were  away. 
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2.  [f  two  rays  cb  and  cp,  proceeding  from  the  same 
Tadiant  c.ynd  falling  on  a  pliinc  lurface  of  a  different 
deiisily.su  thai  ihi' points  of  refraction  nand  p  be  equally 
diatuiit  from  tlie  pt'rpenilicular  of  ineidtncc  ok,  the  re- 
fracted rays  df  and  pq  have  the  same  virtual  focus,  or 
tbe  lame  point  of  dispeisiun  g. — Hence,  when  refracted 
ruys,  falling  on  the  eye  placed  out  of  the  perpendicular 
ut  incidence,  arc  eithir  equally  distant  from  the  perpen- 
dicular, or  very  near  each  other,  they  will  flow  upon  tb« 
eye  as  if  they  came  to  it  from  the  point  g  ;  conttequently 
tbe  point  c  will  be  seen  by  the  refracted  rays  as  in  a. 
And  hence  also,  if  the  eye  be  placed  in  a  dense  medium, 
objects  in  a  rarer  will  appear  more  remote  than  they  arc ; 
and  the  place  of  the  image,  in  any  ca«e,  may  be  detei^ 
.  mined  from  the  ratio  of  refraction  :  Thus,  to  fishes  swim- 
ming under  water,  objects  out  of  the  water  must  appear 
farther  distant  than  in  reality  they  are.  But  on  tbe  con- 
■Tary,  if  the  eye  at  B  be  placed  in  a  rarer  meditim,  then 
an  object  g  placed  in  «  denser,  appean,  at  c,  nearer 
iian  it  is;  and  the  place  of  the  image  may  be  doterrained 
JD  any  given  case  by  tbe  ratio  of  refraction ;  and  thus  the 
pottoni  of  a  vessel  futl  of  water  is  raised  by  refraction  « 
third  part  of  its  depth,  with  respect  to  an  eye  placed  per- 
pendicularly over  the  refracting  surface  ;  and  thus  aho 
£shes  and  other  bodies,  under  water,  appear  nearer  than 
they  really  are. 

i.  If  ttie  eye  hp  placed  in  a  rarer  medium ;  then  an  dIh 
ject  seen  in  a  denser,  by  a  ray  refracted  in  a  plane  sur- 
face, will  appear  larger  than  it  really  is.  But  if  tbe  eye 
be  in  a  denser  medium,  and  the  object  in  a  rarer,  the  ob- 
ject will  appear  less  than  it  is.  And  in  each  case,  tbe 
apparent  magnitude  19  is  to  the  real  one  sii,  as  thri 
rectangle  ck.ol  to  Gk.cl,  or  in  tbe  compound  ratio  of 
tbe  distance  ck  of  the  point  to  which  the  ray*'  tend  before 
refraction,  from  the  refracting  surlhce  dp,  to  the  distance 
BK  of  the  eye  from  the  same,  and  of  the  distance  gl  of 
the  object  eh  from  the  eye,  to  its  distance  CL  from  the 
point  to  which  the  rays  tend  before  refraction. — Hence,  if 
the  object  be  very  remote,  cl  will  be  physicaHy  equal  tu 
SL  ;  and  then  tne  real  magnitude  el  i>  to  the  apparent 
nagnitude  tL,  as  ox  to  ck,  or  as  the  distance  of  the  eye 
a  from  tbe  refracting  plane,  to  tbe  distance  of  the  point 
of  convergence  >  fnm  the  same  plane.  And  hence  also, 
objects  under  water,  to  an  eye  in  the  air,  appear  larger 
than  they  are  ;  and  to  fishes  undeH  water,  objects  in  the 
air  appear  tess  tlian  they  an» 

Jraiiw  q/'Rsr&acTios  wi  Spherical  Smfaea,  boticoncav* 

and  eowoeX' 

1.  A  ray  of  light  be,  parallel  to  the  axis,  after  a 

ungle  refractioiv  al  e,  meeu  the  axi*  in  the  poiat  T,  be* 

joud  the  ceotie  c 
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3.  Also  m   that  case,   the  semi 
diameter  CB  or  CE  will  be  to  the  re- 
fracted ray  ef,  as  the  sine  of  the 
angle  of  icfrnction  tu  the  sine  of  the  ' 
angle  of  inclination  bce.     But  tbe 
distance  of  the  focus,  or  point 
currence  from  the  centre,  cf,  is  to 
the  refracted  ray  zf,  as  the  ainc  of 
the  refracted  angle  to  the  sine  of  the 
angle  of  inclination. 

3.  Hence  also,  in  (his  case,  tbe  distance  bv  of  the  Cncu» 
from  the  refracting  surface,  tnust  be  to  cr  its  distance 
from  the  centre,  in  a  ratio  greater  Ihau  that  of  the  sine 
of  tbe  angle  of  inclination  lo  the  sine  of  the  refracted 
angle.  But  those  ratios  will  be  nearly  equal  when  the  rays 
are  very  near  the  axis,  and  the  angle  of  inclinali«n  BCEia 
only  of  a  few  decrees.  Arid  when  tbe  refraction  is  out  of 
air  into  glass,  then 

For  rays  near  the  axis,      t       For  more  distant  rays, 
BP  :  FC  :  :  S  :  2,  [  bf  :  FC  >  S  :  2, 

BC  :  BT :  :  1  :  3.  {  bc  :  bf  <  I  :  3^ 

But  if  the  refraction  be  out  of  air  into  water,  then 
For  rays  near  the  axil,      I       For  more  distant  rays, 
Br  :  FC  :  :  4  :  3,  |  bp  :  FC  >  i  :  3,     * 

BC  :  BF  :  :  1  :  4.  |  bc  :  bf  <    1  :  4. 

Hence,  as  the  sun's  rays  are  parallel  as  to  sense,  if  they- 
falt  on  the  surface  Xti  a  solid  glass  sphere,  or  of  a  sphere 
full  of  water,  they  will  not  meet  the  axis  within  the  sphere  :■ 
so  that  Vitello  wag  mistaken  when  he  imagined  that  the' 
sun's  rays,  falling  on  the  surface  uf  a  crystalline  Bphere»> 
were  refracted  to  the  centre. 

4.  If  a  ray  BE  fatlparullel  to  tbeaxisFA,  ontof  ararer 
medium,  on  the  concave  spfaerical  surface  be  of  a  denser 
one;  tbe  refracted  ray  en  wilf  diverge  from  the  point  of 
tbe  axis  f,  so  that  fb  will  be  to  pci  in  the  ratio  of  the 
sine  of  the  angle  of  inclination,  to  the  sine  of  the  refracted 
angle.  Consequently  fb  to  PC  is  in  a  greater  ratio  than. 
that ;  unless  when  the  rays  arc  very  near  tbe  axis,  and  the 
angle  bce  is  very  small,  for  then  fb  will  be  to  FC  nearly 
in  that  ratio.  And  hence,  in  the  caves  of  refraction  out 
of  air  into  water  or  glass,  the  ratios  of  bc,  bf  and  cr,  wilL 
be  the  same  at  specified  in  tbe  last  article- 

5.  If  a  ray  de,  parallel  totbeaxis 
FC,  pass  out  of  a  denser  into  a  rarer 
spherical  convex  medium,  it  will  di- 
verge from  the  axis  after  refraction  ^ 
and  the  distailce  PC  of  the  point  oC 
dispersion,  or  of  the  virtual  focus  F,. 
from  the  centre  of  the  sphere,  will  he 
1(1  its  scnidiameter  CE  or  CB,  as  the 
sine  of  the  refracted  angle  is  to  the 
sine  of  theangleof refraction;  butto  h  ■ 
the  portion  of  the  refracted  ray  drawn  back,  pe,  it  will  be' 
in  the  ratio  of  the  sine  of  the  refracted  angle  to  the  sine  of 
the  angle  of  inclination.  Consequently  PC  will  be  to  pb^ 
in  a  greater  ratio  than  this  last :  unless  when  the  rays  ok. 
fall  very  near  the  axis  fc»  for  then  FC  to  pb  will  be  very 
nearly  in  that  ratio.          • 

Hence,  when  refraction  is  out  of  glass  iota  air;  theB*, 

For  rays  near  the  axis,      I      For  more  distant  rays, 

PC  :  FB  :  :  3  :  2,  t  pc  :  pb  >  3  :  S, 

BC :  BF  :,;  1  :  2.  |  bc  :  bf  >   1  :  2. 

But  whea  t^  reliaction  u  out  ef  water  into  aii ;,  theiir 
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For  rtyi  n«u-  Oe  »is,      I      For  more  distant  rayi,  the  glaw,  will  be  refracted  towarda  the  petpendicular  il 

FC  :  PB  :  :  ♦  ;  3,           I           re  ;  tb  >  4  :  3,  d,  and  proceed  to  q  ;  where  again  fBlling  obliqaely  out  oP 

BC  :  BF  :  :  I  ;  3.           )           BC  :  BP  >-    1  :  3.  the  glaw  upon  ihts  surface  of  air,  ii  will  be  refracted  from 

6.  If  the  ray  hb  fall  paralW  to  the  axis  cr,  from  •  the  perpendicular  at  «,  aiid  proceed  to  v.    After  the  sama 

denser  medium,  upon  the  surface  of  a  spherically  concave  manner  the  ray  sr  is  6ni  refracted  to  y,  and  thence  toz. 

rarer  one;  the  refracted  lay  wilt  meet  with  the  axis  in  the  — Hence  the  great  property  of  concave  glasses ;  viz,  ihat 

point  F,  so  that  the  distance  cf  from  the  centre,  will  be  ^^*'y  disperse  parallel  rays,  or  make  them  diverge.     Se* 

to  the  refracted  ray  fe,  as  the  sine  of  tb«  refracted  angle.  Lens. 

to  -the  ^ine  of  the  angle  of  inclination.     Coniieqiicnily  r.c  /-                      Refraction  in  a  Plane  GUut. 

will  be  to  IB,  in  a  greater  ratio  than  that  above  mentioned :  If  parallel  rays  £e,  oh,  ik,  (the  last  fig,  above)  fall  olv- 

tinkss  when- the  rnya  are  very  near  the  axis,  fur  then  fc  liquely  on  a  plane  glass  abcd;  theobhquity  being  the  same. 

it  to  fb  very  nearly  in  that  ratio ;  and  the  three  fb,  fc,  in  all,  by  reason  of  their  parallelism,  they  will  be  alt 

BC  are,  in  the  cases  of  air,  water,  and  glass,  in  the  numeial  equally  refracted  towards  the  perpendicular;  and  accord-, 

ratios  as  specified  at  the  end  of  the  last  article.    See  WoW  i"g)yi  being  still  parallel  at  h,  o,  and  q,  they  will  pass 

fiuR,  Elem.  Matbes,  torn.  3,  pa.  179  &c.  "■"  ■-"-  •'^-    ' "        '     -    - 


RifFBACTiON  in  a  Glaia  Priim. 

ABC  being  the  transverse  section  of  a  prism  ;  if  a  niy  of 

light  SE  fall  obliquely  upon  it  out  of  the  air ;  instead  of 

proceeding  straight  on  to  r,  being  refracted  towards  the 


perpendicular  is,  It  will  decline  to  o.  Again,  since  the 
lay  EO,  passing  out  of  glass  into  air,  falls  obliquely  on  bc, 
it  will  be  refracted  to  h,  so  as  to  recede  from  the  per- 
pendicular so.'  And  hence  arise  the  various  phenomena 
of  the  prism.    See  Coloub. 

Retractiom  m  a  OimerLau. 
If  paralld  lays,  ab,  C9,  kf,  f^l  en  the  surface  of  a  con-     of 
K  lens  XBS  (the  last  fig.  above)  ;  the  perpendicular  ray     See  Atuosi 


into  the  air  equally  refracted  again  from  the  peipen- 
dicular,  and  still  parallel.  Thus  will  the  rays  bf,  oh,  and 
IK,  at  their  entering  the  glass,  be  inflected  towards  the 
right  i  and  in  their  going  out  as  much  inflected  to  the  left ; 
so  Ihat  the  first  refraction  is  here  undone  by  the  second,. 
thereby  causing  the  rays  on  their  emerging  from  the  glasSr 
to  be  parallt;!  to  their  first  direction  before  Ihey  entered  itj 
though  not  so  as  that  the  object  is  seen  in  its  true  place ;. 
for  the  ray  bq,  being  produced  bacli  again,  will  not  coin- 
cide with  the  ray  ik,  but  will  fall  to  the  right  of  it ;  and 
this  the  more  as  the  glas;  is  thicicer  ;  however,  as  to  the 
colour^  the  second'  refjcaction  doc»  really  destroy  the  first. 
SeeCoLouH. 

Refbactiok  in  AunmoH^  or  Refhactiov  qf  the- 
Start,  it  an  inSexion  of  the  rays  of  those  luminaries,  in- 
pasting  through  our  atmosphere ;  by  which  the  apparent 
akitudes  of  the  heavenly  bodies  are  increased.     This  re- 
fraction arises  from  hence,  that  the  atmosphere  is  un- 
equally dense  in  difierent  stages  or  rc^ons  ;  rarest  of  all 
at  the  top,  and  detMest  of  all  at  the  bottom  ;  which  in- 
equality in  the  same  medium,  makes  it  equivalent  to  se- 
ll unequal  mediums,  by  which  the  courae  of  the  'ray 
ijtht  is  continually  hent  into  a  continued  curve  line.- 
ebe.— And  Sir  Isaac  Newton  has  shown. 


JIB  will  pass  unrefracted  to.K,  where  emerging,  as  before,  that  a  ray  of  lighti  in  passing  from  the  highest  and  rarest 

perpendicularly,  into  air,  it  will  proceed  straight  on  to  s,  part  of  the  atinospheic,  down  to  the  lowvst  and  densest,. 

Sut  the  rays  CD  and  ef,  falling  obliquely  out  of  air  into  undergoes  the  same  quantity  of  re&action   that  it  would 

class,  at  a  and  r,  will  be  refracted  towards  the  axis  of  re-  do  in  passing  immediately,  at   the  same  obliquity. out  of> 

fraciio)i|  or  towacds  the  perpendiculars  at  d  and  r,  and  a  vacuum  into  air  of  equal  density,  with,  that  in  the  lofrest 

■o  decline  to  «  and  p  :  where  emer^ng  again  obliquely  part  of  the  atmosphere. 

out  uf  the  gkia  into  the  surface  of  the  air,  they  will  be         The  eSect  of  this  refraction  may  be  thus  conceived-- 

refracted  from i  the  perpendicular,  and  proceed  in  the  di-  Suppose  zv  a  quadrant  of  a  vertical 

rectiona  tio  and  ro,  iseetingino.     And  thus  also  will  all  circle  described  from  the  centre  of.  the 

the  other  raya  be  refracted  so  as  to  meet  the  rest  near  the  earth  t,  under  which   is  ab  a  qua- 

place  a.     See  Focua  and  Lkks. — Hence  the  great  pro-  drant  of  a  circle  on  the  surface  ot 

pcrty  of  convex  glasses;  vis,  that  th^  collect  parallel  the  earth,  and  gk  a  quadrant  of  the 

rays,  or  make  them  converge  into  a  point.  surface   of    the  atmosphere.      Then 

RBPaACTiw  »  a  Q>neaK  Lou.  »"PP°«  «  »  ™y  "[..''R*"*  •'™"*''  *»? 

Parallel  rays  ab,  CD,  «»,  falling  on  a  concave  lens  *  .""  »»  »•  ^  ia"'ng  o    " 


OBHiMK,  the  ny  ab  faltiug  perpendicularly  on  the  gksa 
at  B,  will  pass  unrefracted  to  ii ;  where,  being  still  per- 
pendicular, it  will  pass  into  the  air  to  l,  without  refrac- 


perfect 


atmo- 

ihis  ray  coming  out  of  the  ethereal' medium,. 

much  rarer  than  our  air,  or  perhaps  out  of  a 

,  and  falling  on  the  surface,of  the  atmo- 


tiOD.     Bm  the  ray  cd,  faUing  obliquely  on  the  surface  of,    ^^^.^^  "'"  ^  refected  toward,  the  perpendicular,  or  ■ 

inclined  down  more  towards  tbe  eartli ;  and  since  the  up- 
per strata  of  air  are  rarer  than,  those  near  the  earth,  and 
becomes  still  denser  as  they  approach  the  earth's  surface,. 
ly  in  its  progress-  will  be  continually  refracted,  sO' 
arrive  at  the  eye  in  tbe  curse  line  £a.     Then  sup- 

„ . ^  the  right  line  ai  to  be  a  tangena  to  the  arch  at  a, 

the  ray  will  enter  the  eye  at  a-  in.  the  direction  of  ae  ;. 

and  therefore  the  star  will  appear  in  tbe  heavens  at  «r 

of  ,S,  hi^er  or  newex.  the  senith  than  it  really  is.^_ 


yVjOOgle 


SEP                               t=»>l  >E' 

Heac?  Arise  the  phenomena  of  the  crepuiculana  or  twi-  Flamsteed  and  Newton,  except  near  the  borison,  makei 

light;  and  hence  alto  it  i*  that  the  moon  i*  tometimes  t)ie  solar  refraftioni  about  4'  greater  tban  those  of  the 

jeen  eclipsed,  when  she  is  leaUy  below  the  horison,  and  fixed  stars,    anil  [he  lunar  refractions   also   sometimes 

the  can  above  it.  greater  than  those  of  the  stars,  and  sometimes  lest.     But 

That  there  is  a  real  refraction  of  the  stan  &c,  is  de-  the  theory  of  refractions  discovered   by   Sneli,  was  .nM 

duced  Dot  only  from  physical  conude  rat  ions,  and  from  fully  understood  in  his  time. 

ailments  a  priori,  and  a  sim^litudine,  but  also  from  pre-  '      The  horiiontal .  refraction,  being  the  greatest,  is  the 

ciie  astronomical  observation :    for  there  are  numberless  cause  that  the  sun  and  moon  appear  of  an  oval  form  at 

observations  by  which  it  appears  that  the  san,  moon,  and  their  risiug  and  setting;  for  the  lower  edge  of  each  beiny 

stars  rise  much  sooner,  and  appear  higher,  than  they  more  refracted  than  the  upper  edge,  the  perpendicular 

should  do  accordiDg  to  astronomical  cakuhitions.  Hence  diameter  is  shortened,  and  the  under  edge  appears  more 

it  it  argued,  that  as  light  is  propagated  in  right  lines,  no  flatted  alto.— Hence  also,  if  we  take  with  an  instrument 

Tays  could  -reach  the  eye  from  a  luminary  below  the  hori-  the  dittance  of  two  stars  when  they  are  in  the  same  vei^ 

ton,  unless  they  were  deflected  out  of  their  course,   at  tical  and  near  the  horiaon,. we  shall  find  it  considerably 

their  entrance  into  the  atmosphere  :  and  therefore  it  ap'  less  than  if  we  measure  it  when  they  are  both  at  such  a 

pears  that  the  rays  are  refracted  in  passing  through  the  height  as  to  suffer  Uttl^  or  no  refrsction;    because  the 

atmosphere.  lower  star  is  more  elevated  than  the  higher.    There  is 

Hence  the  star*  appear  higher  by  refraction  than  they  also  another  alteration  made  by  refraction  in  the  appa- 

jeally  are;  so  that  to  bring  the  observed  or  apparent  al-  rent  distance  of  stars  :    when  two  stars  are  in  the  same 

titudes  to  the  true  ones,  the  quantity  of  refraction  must  almacantar,   or  parallel  of  declination,    their  apparent 

be  subtracted.     And  hence,  some  of  the  ancients,  as  they  distance   is  lest    than    the    true  ;    for    since   refraction 

vere  not  acquainted  with  this  refraction,  'reckoned  their  m^ea  each  of  them   higher  in  the  aaiiuuth  or  vertical 

altitudes  too  great,  so  that  it  is  no  wonder  they  tome-  in  which   they  appear,  it  must  bring  Ihem    into  parb 

times  committed  considerable  errors.     H  race  also,  retirac-  of  the  vertical  where  they  come  nearer  to  each  other; 

tion  lengthens  the  day,  and  shortens  the  night,  by  making  because  alt  vertical  circles  converge  and  meet  in  the  se- 

the  sun  appear  above  the  horiion  a  little  before  his  rising,  nith.    This  contraction   of  distance,  accordii^  to  Dr. 

and  a  little  after  his  setting.     Refraction  also  makes  the  Halley  (Philoi.  Trans,  numb.  368>  is  at  the  rate  of  at  ■ 

Inoon  and  stars  appear  to  rise  sooner  and  set  later  than  least  one  second  in  a  degree;  so  that,  if  the  distance  b^ 

they  really  do.     The  apparent  diameter  of  the  sun  or  tween  two  stars  in  a  position  parallel  to  the  horiaon  mea> 

noon  is  about  SS* ;  the  horizontal  refraction  is  about  3S' ;  sure  30°,  it  it  at  most  to  be  reckoned  only  39*  59*  SO", 

whence  the  tun  and  moon  appear  wholly  above  the  hori-  The  quantity  of  the  refraction  at  every  altitude,  from 

son  when  they  are  entirely  below  it.    .Also,  from  obscrTK-  the  horiaon,  where  it  it  greatest,  to  the  zenith  where  it  u 

tioni  it  appears  that  the  refractions  are  greater  nearer  the  nothing,  has  been  determined  by  observation,  by  many 

pole  than  at  tester  latitudes,  which  causes  the  aun  to  ap-  astronomers;  those  of  Dr.  Bradley  and  Mr,  Mayer  ara 

pear  some  days  above  the  horizon,  when  he  is  really  be>  nearly  alike,  and  have  been  used  by  most  astrOnomen. 

low  it;  doubttm  from  the  greater  density  of  the  atmo-  Doctor  Bradley,  from  hit  obsersations,  deduced  this  very 

sphere,  and  [he  greater  obliquity  of  the  incidence.  simple  and  general  rule  for  the  refraction  r  at  any  alti- 

Stan  in  the  xenith  are  not  subject  to  any  refraction  ;  tude  a  whatever ;  viz,  as  rad.  1  :  cotaug.  b  -i-  3r  : ;  57*^ ; 

and  those  in  the  horiaon  have  the  greatest  of  all ;  the  re-  r''  the  refractionin  seconds  ;  that  is,Tefr.  r  ^  57''  x  col^ 

fraction  continually  decreasing  from  thence  to  the  lenith.  (a-t-Sr),   or,   which  it  the  same,  refr.  r  a  57"'  k  tan* 

All  which  follows  from  hence,  that  in  the  first  case,  the  (>— 3r),  where  s  is  the  cenith  distance, 

rayi  are  perpendicular  to  the  medium ;    in  the  second.  This  rule,  of  Dr.  Bradley's,  is  adapted  to  these  statei 

their  obliquity  is  the  greatest,  and  they  pass  through  the  of  the  barometer  and  thermometer,  vis, 

largest  space  of  the  lower  and  denser  pert  of  the  air,  and  either  Qg-€  inc.  barom.  and  50°'tbennoneter, 

through  the  thickest  vapours ;  and  in  the  third,  the  obli-  or       30      —   barom.  and  55   tbertRometer, 

quity  is  continually  decreasing..  for  both  which  states  it  answers  equally  the  same:     Bat 

lite  air  is  condensed,  and  consequently  refraction  is  for  any  other  states  of  the  barometer  and  thermomMer^ 

increased,  by  cold  ;  for  which  reason  it  is  greater  in  cold  the  refraction  above-found  it  to  be  corrected  in  this  man> 

countries  than  in  hot  ones.     It  is  also  greater  in  cold  wea-  ner,  viz,  by  either  of  the  two  following  r\ilei,  the  fint  of 

ther  than  in  hot,  in  the  same  country  ;    and  the  morning  them  given    by    Dr.  Maakelyne,  and    tha    Sd    by    Dr. 

refraction  is  greater  than  that  of  the  evening,  because  the  Brinkley. 

air  is  rarefied  by  the  heat  of  the  sun  in  the  day,  and  con-  n,f_-           *_  ,   ,„_■  /,     %,\  -    ct"  ,      **" 

densed  by  the  coldness  of  the  night.     Refraction  is  also  =  iTi  "   '"••  1'"^'  "    *'     "    bso+j* 


tubjcct  to  some  tmall  yarislion  at  the  same  time  of  the  Re&ac   »     *     k    tan    (a— 3*9r)    x  S&'-Q  x      '°° 

day  in  the  finest  weather.  '       m«                ^             '                        "a+t 

At  the  Ume  altitudes,  the  sun,  moon,  and  stars  all  un-  Where  *  3  altitude  of  barometer  in  inches, 

dergo  the  same  refraction  :  for  at  equal  altitudes  the  in-  '  =  ■"■'«•"  "^  Fahrenheit's  thermometer  in  d^, 

cident  rays  have  the  tame  inclinations ;  and  the  sinct  of  *"  =  *?"  "*"■  *  ^^  appar.  xenith  dist. 

the  refracted  angles  are  as  the  tinet  of  the  angle*  of  iur  From  Dr.  Bradley's  rule,  r»  47"  "  cot.  (o+3r)  waa 

clinatiun.  Sec.  computed  the  table  of  mean  astronomical    refnctibns, 

Ptolemy,  Alhazcn,  and  Vitello,  were  all  'acquainted  given  in  pa.  1  of  Dr.  Masketyne'i  requisite  tables, 

with  this  refraction,  having  given  many  observatioits  on  M.  Laplace  gave  also  a  rule  for  the  refractions,  in  vol. 

it,  though  imperfect  on  the  score  of  accuracy.     But  Ty-  4  of  hit  Mecaoique  Celeste.     He  fint  assumed  it  of  tha 

chn  Brah£,  who  deduced  the  refractions  of  the  sun,  moon,  some  form  as  Dr.  Bradley's,  viz,  r  =  m  x  cot.  (a+m) 

and  stars  from  good  observations,  and  whose  table  of  the  =  at  x  tan.  (t—nr),  with  general  coefficianta  m  and  a,  to 

refractiom  of  the  stars  it  not  much  dlObtcmt  from  those  of  be  detennined  by  comparing  this  general  formula  with 
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twd  pbwrvations ;  wben  O'deiwtes  tlie  true  sllitude,  or 
I  the  true  unith  .dwtaace,  ftnd  r  ibe  refraction.  Betides 
decermining  the»e  coefficients,  m,  n,  tnore  accurately, 
thfti)  in  Dr.  Bndley'a  rnle,  he  also  reduced  the  result  ro 
a  more  convenient  forat  for  use,  which  ia  expreised  by 
this  general  equation,  '99765 1 75  lint  =  sin  (z  —  Sr), 
Qut  by  compulution  I  find  that  the  tint  numeral  co-effi- 
cient ought  more  correctly  to  be  -997684,  and  then  the 
rule  will  be  'iigr 684  sin  a  =  lin  (m-»r).  That  is,  to  use 
it,  multiply  the  sine  of  the  true  zenith  distance  by  '9976B4, 
or  add  tneir  logarithms,  the  result  will  be  the  sine  of  the 
other  arc  (z— 8r};  therefore  subtract  thjs  last  arc  from 
t,  the  remainder  will  be  8r,  which  therefore  divided  by  8, 
gives  r  the  fraction  toughL  By  this  rule  then  the  num- 
bers in  th*  following  table  have  been  calculate^d,  though 
tfae  apparent  altitudes  are  set  down  in  the  table,  in  order 
Kt  adapt  it  to  the  purposes  of  observation.   - 

Table  opRefeactiohb — Bvwh.  29<W.  Tierm.  54". 


1 


KEr 


Ahlt. 

tU6>o 

Alrie. 

RcfiM- 

Ah. 

R*&K- 

Alt. 

Re- 

«ft"- 

vfvu. 

tkn*. 

•Pl>- 

riou. 

(pp. 

fnet. 

0'  0' 

33'  46-3" 

7"  0 

7'  24' 8" 

14- 

3'  49' 8" 

56 

393" 

10 

31  54S 

10 

7  15-,i 

15 

3  34  3 

57 

37'8 

30 

30     9-3 

20 

7     6-3 

16 

3  20-6 

58 

;6-4 

30 

28  321 

30 

6  577 

17 

3     85 

59 

350 

40 

27     2*2 

40 

6  496 

18 

!  57-6 

60 

33-6 

50 

25  38  6 

50 

t>  419 

19 

2  477 

61 

32-3 

1     0 

M  21-2 

8     0 

6  344 

20 

2  38-8 

63 

31-0 

10 

«     9t 

10 

6  271 

21 

2  30-6 

63 

297 

20 

Ji     3-4 

90 

(I  200 

22 

2  23  9 

64 

28-4 

30 

Zl     V9 

30 

6  13- 1 

23 

2  16-5 

65 

a7-2 

40 

iO     4-8 

40 

6    0-4 

24 

2  10-2 

66 

25-9 

50 

l_9  H'5 

50 

5  599 

25 

2     4-3 

67 

M7 

i   0 

18  22-2 

9     0 

5  53.6 

26 

1   589 

68 

33-5 

10 

17  36-3 

10 

3  47  4 

27 

I  53-9 

69 

23-4 

20 

16  532 

20 

3  41-5 

2S 

I  492 

70 

21*2 

30 

16  13-4 

30 

5  35 '8 

99 

1  44-8 

71 

JOO 

40 

15  360 

40 

5  30-3 

30 

1  40-6 

72 

18-9 

50 

15     0'9 

50 

5  350 

31 

136-7 

73 

17-8 

S     0 

14  28-1 

10     0 

5  19-8 

32 

1  33-1 

74 

16-7 

10 

13  57-3 

10 

5  147 

33 

I  296 

75 

156 

80 

13  28-5 

20 

5     97 

34 

1  26-2 

76 

14'5 

30 

13     1-3 

30 

5     4-9 

35 

I  23- 1 

77 

13-5 

40 

12  35-6 

40 

5     03 

36 

1  2d' I 

78 

12 '4 

50 

12  11-3 

50 

4  559 

37 

I    172 

79 

11-3 

4     0 

11  48-3 

U      0 

4  517 

38 

I   14-4 

80 

10-3 

10 

U  266 

10 

4  47-6 

39 

I   11-8 

81 

92 

SO 

11     61 

20 

4  43-6 

40 

1     9-3 

82 

8'2- 

SO 

10  46-7 

30 

4  39  6 

41 

I     69 

83 

72 

40 

10  28-3 

40 

4  357 

42 

I     4-6 

84 

6-1 

50 

10  10-9 

50 

4  31-8 

43 

I     2-4 

85 

51 

5     0- 

9  54-3 

12     0 

4  280 

44 

I     03 

g6 

41 

10 

9  38-4 

10 

4  24-3 

45 

0  58-2 

87 

31 

20 

9  «3-4 

20 

4  207 

46 

0  56-2 

88 

20 

30 

9    9-0 

30 

4  17-2 

47 

a  54-3 

89 

10 

40 

8  55  3 

40 

4  138 

48 

0  52-4 

90 

0-0 

50 

8  42-3 

50 

4  lOS 

*9 

D   50-6 

6,  0 

8  29  9 

13     0 

4     7-5 

50 

0  48.9 

10 

8   IB'l 

10 

*     4-4 

51 

f)  47-2 

20 

8     66 

20 

4     1-4 

52 

0  45-5 

30 

7  55-6 

SO 

3  58-4 

53 

0  43-9 

40 

7  4:0 

40 

3  55-5 

54 

0  42-3 

50 

7  347 

50 

3  5S  6 

55 

0  40-8 

7    0 

7  24- 8 

4    0 

3  49  8 

56  !0  39-3 

Mr.  Mayer  says  h)i  rul^  waa  4leducedfr<»n  theory,  and 
when  reduced  from  French  tneaaure  and  Reaumur'!)  theiS 
momeler,  to  English  measure  and  FahreDheit**  thermome-   . 
ter,  it  is  this, 

r  = f]  +  oijaitst  I  ■  tbe  refraction  in  seconds,  cor- 
rected for  both  barometer  and  thermometer  :  where  the 
letters  denote  the  game  thii^  as  before,  except  a,  which 
denotes  the  angle  whose  tangent  is        ■*  "^^ . 

Mr.  Simpson  too  (Dissert,  pa.  46  &c)  ingeniously  de- 
termined by  theory  the  aatronomical  refractions,  from 
which  he  formed  this  rule,  vit,  As  1  to  *9986  or  as  radius 
to  sine  of  66°  58' 30",  (oriather  ■t'',)  so  is  the  sine  of  any 
given  lenith  distance,  to  the  sine  of  an  arc  ;  then  ^  of 
the  difference  between  this  arc  and  the  senitb  diiunce,  is 
the  refraction  sought  for  that  senilh  distance.  And  by 
this  rule  Mr.  Simpson  computed  a  table  of  the  mean  re- 
fractions, which  are  not  much  ditTerent  from  those  of  Dr. 
Bradley  and  Mr.  Mayer,  being  uniformly  a  few  seconds 
less  in  every  case. 

Besides  the  above,  the  public  have  been  fnvoured  with 
other  rules,  deduced  from  numerous  observations,  made  by 
Ste.  Groombridge,  esq.  of  Blackbeath,  a  gentleman  of  for- 
tune, who  very  laudably  amuses  himself,  and  benefits 
science,  by  cultivating  the  practice  of  astronomy.  Thq 
results  of  extensive  series  of  observations  on  astronomical 
refractions,  he  has  givqn  in  two  volumes  of  the  Philoa. 
Trans,  both  in  general  rules  and  large  tables  of  results, 
differing  but  very  little  from  those  above  inserted,  and  that 
chiefly  in  the  refractions  very  near  the  horizon.  In  the 
former  volume,  vii  that  for  the  year  IBIO,  Mr.Groom- 
bridge's  rule  for  tbe  mean  refraction  is58''-1192  x  tang, 
(c  —  3'3625r},  where  b  is  the  lenith  distance,  and  r  aa 
aasiimed  nearvalueof  therefraction.  But  after  numerous 
other  observations,  especially  on  stars  at  very  low  alti- 
tudes, in  the  vol.  for  1814,  Mr.  G.  by  further  correction^ 
reduces  the  rule  to  this  form,  vi2,  tbe  fneao  refractioa 
=  58132967  X  tang.  (■  ^.  3-6342956)  ;  from  which  he 
has  calculated  an  extensive  table  of  refractions,  for  every 
IC  of  altitude;  accompanied  with  other  tables,  showing 
the  corrections  on  account  of  tbe  difference  of  the  baro- 
meter and  thermometer  from  iheir  mean  states. 

It  Is  evident  that  all  observed  altitudes  of  the  heavenly 
bodies  ought  to  be  diminished  by  the  numbers  taken  out 
uf  the  foregoing  tables.  It  is  also  evident  that  the  refrac- 
tion diminishes  the  right  and  oblique  ascensions  of  a  star^ 
and  increases  the  deacensions :  it  increases  the  northern 
declination  aud  latitude,  but  decreases  the  aoutbem :  in 
the  eastern  part  of  the  heavens'  it  diminishes  the  longitude 
of  a  star,  but  in  the  western  part  It  increases  the  satne. 

Reiraction  qf  Altitude,  is 
an  arc  of  a  vertical  circle,  as 
AB,  by  which  the  altitude  of 
a  star  AC  is  increased  by  the 
refraction. 

Reihactiok  (^  J$cennon 
and  Dticaaiott,  is  an  arc  db 
of  the  equator,  by  which  the 
ascension  and  deacension  of  a 
star,  whether  right  or  oblique, 
is  increased  or  diminished  by 
the  refractioa. 

Rbfraction  qfDedavaicn,  is  an  arc  bp  of  a  circleof 
declination,  by  which  the  declination  of  a  star  pa  or  ei  ia 
increased  or  diminished  by  refraction. 
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lUrKACTtov  qfLatUtidt  ia  an  arc  Aoof  ft  circle  of  la- 
titude, by  which  the  latitude  of  a  itar  ab  ii  increased  or 
dimintabed  by  the  refracuon. 

Rkiractiox  ofLangUtuUtis  an  arc  ih  of  the  ecliptic, 
hy  which  the  longitude  of  a  star  is  increased  or  diminished 
by  means  or  the  refractioa. 

TemMno/ Refkaction.  is  that  by  which  terrestrial 
dbjects  appear  to  be  raised  higher  than  they  really  are,  in 
observing  their  altitudes.  The  qusutity  uf  this  refraction 
b  estimated  by  Dr.  Masketyne  at  one-tenth  of  the  distance 
of  the  object  obierved,  expressed  in  degrees  of  a  great 
circle.  So,  if  the  distance  be  lOOCX)  fathoms,  Its  10th  part 
1000  fathoms,  is  the  r>Othpart  of  a  degree  of  a  great  circle 
on  the  earth,  or  l',  which  therefore  is  the  refraction  in  the 
altitude  of  the  object  at  thacdiiCance.  (Requisite  Tables, 
1766,  pa.  13t). 

But  M.  Legcndre  is  induced,  he  says,  by  several  exp'e- 
rimenta,  to  allow  only  -jifth  part  qf  the  distance  for  the  re" 
fraction  in  altitude.  So  tbut,  on  the  distance  of  lOOOO 
fothon)%  [be  i^tb  part  of  which  is  714  fathoms,  he  allows 
only  44"  of  terrestrial  refraction,  so  many  being  coniained ' 
in  the  714  faEhoms.  See  his  Memoirconcerning  the  Tri- 
gonometrical operations,  ftc. 

Again,  M.  Delambre,  an  ingenious  French  astronomer, 
makes  the  quantity  of  the  terrestrial  refraction  to  be  the 
1 1th  part  of  the  arch  of  distance.  But  the  English  mea- 
surers, Col.  Edw.  Williams,  Capt.  Mudge,  and  Mr.  Dalby, 
from  a  multitude  of  exact  observations  made  by  them,  de- 
termine the  quantity  of  the  medium  refraction  to  be  the 
I2th  part  of  the  said  distance.  The  quantity  of  this  re- 
Aactiun,  however,  is  found  to  vary  considerably,  with  the 
'  different  states  of  the  weather  and  atmosphere,  from  the 
I5th  part  of  the  distance,  to  the  9th  part  of  the  same;  the 
medium  of  which  is  the  l^lh  partfBs  above  mentioned. 

Some  whimsical  effects  of  this  refraction  are  also  related, 
arising  from  peculiar  situations  and  circumstances.  Thus, 
it  is  said,  that  atiy  person  standing  by  the  side  of  the  river 
Thames  at  Greenwich,  when  it  is  high- water  there,  can  see 
the  cattle  graaing  on  the  Isle  of  Dogs,  which  is  the  marshy 
meadow  on  the  other  side  of  the  river  af  that  place ;  but 
when  it  is  low  water,  he  cannot  see  any  thing  of  them,  as 
they  are  hid  from  his  view  by  the  land  wall  or  hank  on  the 
other  side,  which  is  raised  higher  thaa  the  marsh,  to  keep 
out  the  waten  of  the  river.  This  curious  effect  is  proba- 
bly owing  to  the  moist  and  dense  vapours,  just  above  and 
rising  from  the  sur&ce  of  the  water,  being  raised  higher  or 
lifted  up  with  the  surface  of  the  water  at  the  time  of  high 
tide,  through  which  the  rays  pass,  and  are  the  more  re- 
fracted. 

In  like  manner,  Calais  sometimes  is  seen  from  the  sea 
side  at  Dover. 

And  othiT  more  extraordinary  circumstances  have  been 
eommunicalefl  in  the  following  letter  from  an  ingenious 
friend,  Mr.  Juhn  Andrews. 

jin  account  qf  *ome  remarkable  appettrmies  aritingfiom 
Terrettrial  lUfraciirm. 
In  the  year  1792,  at  Traine,  near  Modbury,  in  Devnn, 
for  the  purpose  of  obtaining  an  improved  prospect  from 
the  garden,  a  railed  platform  was  crefted  among  the 
hrnnrhes  of  a  Ur^  spreading  laurel-tree,  to  which  was 
givid  the  name  of  The  Laurel  Mount. — It  was  furnished 
with  chairs,  S(C,  and  bad  m'lveable  sleffs,  made  convenient 
for  resting  a  teh-scupeat  difTercnt  alevalions,  aoas  to  form 
a  kind  of  obsrrvHtory,  for  viewing  both  celetttial  and  ter- 
restrial objects,— Some  tiaie  after  its  erection,  it  was  unex- 


pectedly discovered  that  the  pinnaclet  and  fl^^taff,  on 
the  tower  of  MiJter  Church,  west  of  Plymouth  Sound, 
(where  signals  are  made  of  the  ships  which  pass  by  that 
harboar,)  might  i>e  seen  with  a  telescope,  just  appearing 
above  the  horiion,  distance  from  hence  about  12  miles. 
This  object,'  being  frequently  looked  at,  was  pereeived  to 
appear  at  certain  times  higher  than  usual ;  and  some  of 
the  parapet  of  the  tower  (below  the  pinnacles)  was  evi^ 
dently  seen  above  the  ttoriaon,  which  was  not  the  case  in 
general ;  and  which,  being  considered  as  a  curious  and  re- 
markable circumstance,  occasioned  the  object  to  be  more 
frequently  and  more  attentively  observed.  It  was  found 
that  the  morning  was  the  time  best  suited  for  these  ap- 
pearances, which  in  certain  instances  were  much  more  re- 
markable and  striking  than  in  others  ;  and  that  not  only 
the  tower,  but  the  scenery  of  the  country,  at  different  di- 
stances between  it  and  the  place  of  observation,  was  in 
like  manner  affected  by  the  peculiar  state  of  the  atmo- 
sphere.—The  figures  on  the  plate  (plate  30),  with  the  n- 
ferences  underneath,  will  belp  to  explain  the  following  d^ 
script  ions. 

The  first  instance  of  this  sort  occurred  on  the  9th  of 
January  1794,  a  little  after  sunrise  ;  the  weather  bright, 
with  hard  frost,  and  thick  hoary  iucrustaiions^-At  this 
time  ^alf  or  more  of  the  shaft  of  the  tower  appeared  con-*  ' 
spicuously  above  the  horizon  ;  its  height  and  appearance 
frequently  varying;  sometimes  the  pinnacles  were  scarce 
discernible,'  and  the  whole  body  seemed  to  be  solid  ;  when 
presently  the  pinnacles  would  begin  to  appear  agun,  as  if 
growing  suddenly  out  of  the  body  of  the  lower,  and  shoot- 
ing up  to  a  greater  length  than  they  are  of  in  reiUity. 
The  horiton  itself  was  alsosubject  to  the  like  mutationSj 
and  the  trees  in  Mount  Edgcumbe  Park,  (which  it  just 
^dow  the  tower,]  were  sometimes  more  and  sometimes  leaa 
elevated,  and  sometimes  not  visible  at  all.  The  interve- 
ning scenery  assumed  the  appearance  represented  in  the  3d 
figure  on  the  plate  ;  objects  before  concealed  by  the  ho- 
rizon were  elevated  considerably  above  it.  Among  these 
was  a  conical  object,  supposed  then  to  be  a  large  edifice; 
and  which  was,  in  two  journeys  for  that  purpose,  searched 
for  in  vain;  but,  being  afterwards  seen  again,  from  the 
Mount,  altered  in  size  and  shape,  was  found,  on  a  third 
journey,  to  be  a  mow  of  hay,  and  was  the  means  of  iucer- 
taining  the  situation  of  the  rauge  of  ground  at  cc,  whereon 
it  stood,  which  might  not  have  been  easily  done  otherwise. 
It  was  therefore  an  object  of  some  importance,  and  it 
shown  in  the  $d  drawing  at  g.  The  enlargement  of  the 
prospect  was  so  very  singular  and  striking,  as  to  seem  al- 
most as  if  produced  by  enchantmen^ 

At  this  time  another  phenomenon  was  observed,  which 
I  could  scarce  believe  to  be  real,  till  on  the  27th  of  Sep- 
tember foUnwing  it  was  confirmed  by  another  instance. 
This  was  a  fluctuating  appearance  of  two  horizons,  one 
above  the  other,  with  a  complete  vacancy  between  them, 
like  what  is  sameiimes  observed  in  looking  through  an  un- 
even pane  of  glass.  On  the  dny  last  mentioned,  about  6 
in  the  morning,  the  horizon  being  perfectly  clear,  the  pin- 
nacles of  the  tower  were  observed  to  have  a  taller  appear- 
ance than  ordinary  ;  and  at  about  half  an  hour  past  6,  a 
flag  being  hoisted  on  the  staff,  (which  is  considerably 
higher  than  the  pinnacles,)  the  latter  appeared  to  reach 
farther  up  towards  the  flag  than  they  usually  did.  They 
also  continually  varied  thnr  appearance,  being  sometimes 
longer  and  sometimes  shorter,  and  sometimes  ol  unequal 
lengths  i  and  at  othur  times  they  could  not  be  seen  at  all. 
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though  the  flag  still  continacd  visible,  «nH  whs  ieoniin«ly  lond'a,  of  tlie  loit  with  long  polygftnal  tubes  of  wood. 
uiiaRected.  inone  of  theseintervaU  (if  liio  pinnacle  <Jn-  What  served  itte  for  a  micromcier  (and  from  which- the 
appearing),  the  horizon -at  cc  bring  perfectly  rUar,  [  be-  scale  on  the  plate  was  deduced)  was  a  nolfhed  bar,  made 
gan  to  discern  over  it  a  faint  stratum  of  rapour,  the  up~  of  a  piece  of  fine  screw,  filed  flat,  and  laid  across  the  focnt 
per  bouadary  of  which  (unevenly  Eerminated)  passe'd  just  of  the  eye-glass. — Its  value  was  ascertained  by  compuiin^ 
below  the  flag,  which  seemed  ai  if  in  a  kind  of  insulatt'il  the  distance  of  the  stars  y  and  JCOTonx,  which  was  found 
state.  Soon  afterwards  the  stratum  extended  itself  higher,  to  be  the  extent  of  the  telescope's  field  of  view.  The  quan- 
and  the  flag  also  became  invisible  ;  but  in  a  little  whilp  titles  of  elevalron  are  to  be  understood  as  judged  of  1^ 
the  wbule  appeared  again,  when  the  parapet,  pinnacles,  comparing  the  objects  among  each  other  i  for  having  no 
,  and  staff,  seemed  all  to  have  a  long  and  tall  appearance,  graduated  instrument  or  level  to  which  the  telescope  conM 
and  the  flag  also  to  be  altered  in  form  from  what  it  had  be  attached,  and  the  ehjects  not  being  sufficiently  distin- 
before  the  extension  of  the  stratum.  Not  long  after  this  guishabJe  without  it,  I  had  no  means  whereby  lo  deter- 
I  observed  the  interveniog  horizou  c  c  begin  to  be  sorae-  mine  their  absolute  elevation  in  respect  of  the  horiion. 
what  obscured,  th'e  wind  probably  wafting  the  stratum  of  •  As  far  as  ibemereelevation  of  objects  is  concerned, tha 
vapour  over  it,  and  this  obscurity  increasing  extended  it-  phenometia  seem  not  difficult  to  be  accounted  for ;  but 
letf  over  all  the  ground  at  c  c,  which,  (as  well  as  the  the  double  horizon,  and  especially  the  peculiar  drcum- 
tovrer,  &c)  l  then  conccivTd  lo  have  a  higher  elevation  stances  observed  on  the  6lh  of  January  4795,  appear  not 
than  before.  The  vaponr  continuing  to  increase,  it  be-  easy  to  be  explained.  They  furnish  two  material  ques- 
camc  BO  dense  at  40  raiuutes  after  7,  as  to  hide  all  those  tions  ;  first,  whether  the  separation  is  e&cted  by  the  re- 
objects  from  my  sight,  though  the  bill  b,  anti  other  parts  of  fracling  matter  elevating  tha  upper,  or  depressing  the  lower 
the  horizon,  remained  e;(ceeding  clear,  visible  horiion  i  and,  secondly,  why  the  apparent  vacan- 

Another  very  remarkable  instance  was  observetl  on  the  cy,  or  gap,  deacHbed  as  above,  did  not  cause  the  tower  td 

6th  of  January  1795,  at  which  time  the  elevation  of  the  diaappmr,  as  well  as  the  fcoHzon  which  intercepted  it  I 

objects  was  eqtial  to  that  represented  in  the  3d  drawing,  My  own  idea  at  preseot  is,  that  the  appearance  of  the 

and  the  phenomenon  of  the  double  horizon  very  distinctly  lower  horiaon  is  effected  either  by  depression,  or  else  by 

observed  both  by  my  brother  and  myself.    The  appear-  the  mass  of  refracting  matter,  which,  causes  the  elevation, 

ances  were  continually  varying  and  intermitting,  but  not  detaching  itself  from  the  ground,  so  as  to  admit  of  the  na- 

nipidly,  so  that  sufTicicntiinic  WHS  alforded  forascercuining  tural  (unrefracted)  horizon  being  seen  below  it,  at  the 

their  reality  bpyond  a  doubt.     The  vacant  line  of  separa-  same  time  that  an  elevated  one  is  visible  through  its  body*, 

don  (having  the  appearance  of  a  whitish  stratum  of  va-  I  also  conceived  it  possible  thatthe lengthened  appearenc* 

pour),  would  often  increase  its  breadth,  so  as  to  efface  en-  of  the  tower  (then  observed)  might  hatre  ari^eii  from  tb6 

tirely  the  uppermost  of  the  two  horizons ;  forming  then  a  connexion  of  two  images  thereof,  viz,  the  upper  and  the 

kind  of  dent  or  gap  in  the  remaining  horizon  ;  which  ho-  lower ;  having  noticed  something  similar  in  the  irtttanc* 

rizon,  at  the  extremities  of  the  vacancy,  seemed  to  be  of  sf  a  tree,  partly  intercepted  by  the  ridge  of  a  building, 

the  same  height  as  the  upper  horizon  was  before  its  being  and  viewed  through  an  irregular  ipot  (which  seenwtomc 

eifaced.     This  vacancy  (continually  varying  in  length  as  to  be  a  bubble)  in  the  glass  of  a  window :  and  probably 

well  as  breadth),  was  several  times  seen  lo  approach  and  an  attentive  otraervatien  of  objects  seen  through  nieh  "iiV; 

take  in  the  tower,  and  immediately  to  admit  an  apparent  regularities  in  glass,  may  help  to  illustrate  all  its  (Kffisrent 

viewof  the  wholeorthe  most  part  of  its  body(like  thatin  phenomeni,     Tlue  tower  being  a   body  of   an  uniform 

the  third  drawing),  which  was  not  the  case  befjare;  ex-  breadth,  a  deception  of  the  sort  alluded  to  is  not  percww- 

actly,  to  all  appearance,  as  if  if  had  opened  a  gap  tor  that  Abie ;  but  perhaps  would  have  been  manifest  had  die  «b- 

^  purpose  in  the  interi;epting  ground.    This  phenomenon  ject  been  of  llie  pyramidtcal  form,  as  many  steeplos  aw. 

excited  great 'Surprise,  and  seclned  to  be  inexplicable.  And,  ali  the  distance  of  the  tower,  beyond  the  interc^»ting 

A  great  many  other  observations  were  made  in  the  year  ground  at  c,  is  only  abont  3  miles,  it  seems  rather  extrft- 

1794  and  1795,  and  minutes  thereof  iai:en,  but  the  obora  ordtnary  that  tha  drfferencs  of  their  absolute  elevationft 

were  the  most  remarkable.     The  certainty  of  the  pheno-  ehould  be  sufBcient  to  bring  so  much  of  the  ttmer  iM* 

mena  being  f\illy  confirmed,  le&s  attention  was  thought  view.     At  the  times  of  these  cxtmonKnary  refract!  onsf  H 

necessary,  and  no  ftirther  memorapdoms  Irave  been  made,  vas  a  sharp  white  frost,  with  a  calm  hazy  atmospbera. 

After  some  years  the  observatory  getting  into  decay,  and  Modbory,  9d  Jan.  1815.  '               John  Avciiaws,  - 

becomingdangerou9,it  was  taken  down,  and  hath  not  been  See  the  representations  in  pTate  30,  of  the  a:ppcaFaii0c$, 

since  renewed.  in  three  different  states  of  the  atmosphere,  wkh  the  ex- 

In  the  course  of  these  observations  it  was  remarked  that  pJanations  of  them. 

&  hoar  frost,  or  that  kind  of  dewy  vnpour  which  in  a  snf-  The  following  cnrions  issttiuoe  of  refraction  vxs  give« 

ficient  degree  of  cold  occasionsa  hoarfrost,  accompanied  io  the  3d  vol.  of  thelVsns.  of  the  American  Phltos.  Trans, 

by  an  air  rnther  calm  than  otherwise,  seemed  requisite  by  Mr.  Andrew  Ellicott,  at  PittabuTg,  Nov,  5,  )7S7,  fnm 

for  the  elevation  of  tlie  objects ;  and  tbat  a  diy  frost,  how  otMervations  at  Uike  Erie.— On  the  evening  of  Sept.  12, 

ever  intense,  especially  if  attended  whh  wind,  bad  no  ten-  there  wasafineaurora  boredis.   Thencxtday  waadottdy, 

dency  to  produce  it.     Indeed,  in  several  instances  of  that  but  without  rain.     About  Iioon,  the  low  peninsnla,  caHed 

sort,  I  have  observed  the  objects  very  sensibly  depressed  Presque-isle,  which,  at  its  then  distance  of  25  miles,  is 

below  their  usual  pitch.     1  know  at  presebt  no  other  in-  commonly  invisible,  was  descried  from  ihe  borders  of  the 

stance  of  the  double  horizon  having  been  obserred,  except  lake,  considerably  elevated  above  the  horizon;  and,  viewed 

by  Mr.Isaac  Datby ;  who  (as  appears  by  Phil, Trans,  for  through  a  tdescope,  the  branebes  of  the  trees  «auld  be 

1795,  pa.  S87)  noticed  on  appearance  of  that  sort  about  plainly  discovered.     It  is  very  singalar  that  the  fieninstiU 

lune  months  before  I  did.  was  freqaendy  seen  dotrti^«'tfae  images,  one  above  tb4 

The  telescope  made  use  tif  WW  ft  3*footiefnctor  of  Bol-  other,  sepatatini  and  coindding  repeatedly,  like  AoKcb^ 

Vol,  II.  «R 
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s«rvsd  in  ibiftiog  the  iiulex  of  a  Godfrey's  quadrant.    In        '(lie  day  wan  extremely  hot,  7^  at  i  tJ\ernoon,  and 

tht  eveniDg  it  began  to  blow  a  fresh  breese  j  which,  in  the  the  three  preceding  days  remarkably  fine  and  clt;ar.    Not 

fbiluwing  days,  inert  aiod  into  a  most  violent  hurricane,  a  breatb  uf  wind  was  eliiring  thesvbuleof  thedtty ;  but  the 

Theiie  distinct  facts  afford  some  data  for  the  invMligalian  small  pennons  at  the  mast-beads  of  ilie  fibhing-boais  in  the 

of  the  Guriuus  pbcnomenun  which  sailors  terra  Looming,  hatbour  were  in  ibc  morning  at  all  ]ioiiits  of  the  compass. 

We  may  offer  the  following  attempt  at  an  explication.     It  -.-Mr,  L,  was,  a  few  duyii  aftevwutds,  at  Wincbelsea,  and 

is  easy  to  perceive  that,  owing  to  the  successive  increase  at  several  places  along  the  coaM,  where  be  was  informed 

of  rariiy  at  different  heights  in  the  atmosphere,  the  rays  that  the  above  phenomenon  bad  been  equally  visible. — 

of  light,  transmitted  from  a  distance,  arc  invariably  bent  'I'be  cape  of  land  called  Dcngcness,  which  extends  nearly 

towards  the  surface  of  the  earth,  and  therefore  bestow  on  2  miles  into  the  sea,  and  is  about  l6  miles  distant  from 

objects  an  apparent  elevation.    If  this  progression  of  rarity  Hastings,  in  a  straight  line,  appeared  as  if  quite  close  to 

be,  from  some  accidental  cause,  augmented,  the  refraction,  it,  as  did  the  fishing-boats,  and  other  vessels  which  were 

and  its  consequent  effect,  must  then  become  proportionally  sailing  between  the  two  places. 

greater  ;  and  this  actually  tukes  place  in  the  case  under         Similar  and  still  mure  extraordinary  instances  nf  atmo- 

consideration.    The  lucid  complexion  of  the  sky,  and  the  spherical  refraction  have  been  since  described  in  diffi-rent 

ftorm  which  commonly  ensues,  conspire  to  indicate  thai,  volumes  nf  the  Philus.  Trans,  fur  the  years  179^,  1797, 

at  no  great  height,  the  air  is  replete  with  humidity.    The  1799*  ISOO&c,  by  Mr.  Dalby,  Cap.  Huddart,  Sir  Henry 

double  appearance  above  described  may  be  owing  to  two  EnglelieM,  Mr.  Latham,  Mr.  Vince,  and  Dr.  Wollaston. 

flnctuative  strata  of  air,  differenrly  charged  with  moisture,  Mr.  Huddart  first  noticed  a  distinct  image,  inverted  be- 

and  occasioned  probably  by  opposite  currents,  neath  the  object  itself;  and  described  several  such  ap> 

Tbe  following  is  the  substance  of  a  letter,  on  a  similar  pearances,  accompanied  with  an  optical  explanation,  re- 
subject,  from  W,  Latham,  esq.  inserted  in  the  Philos,  marking  that  tbe  lowest  strata  of  the  air  were  at  the  time 
Tnuis.  of  179s. — On  the  afith  of  July,  1797,  about  5  endued  with  a  weaker  refractive  power,  than  others  at  a 
o'clock  afternoon,  while  sitting  in  his  room  at  Hastings,  on  small  elevation.  Mr.  Vince  has  given  an  instance  where 
theparade,  close  totheseaghore,  nearly  frontingthesoutb,  erect,  as  well  as  inverted  images,  were  visible  above,  in- 
Mr.  Latham's  attention  was  excited  by  a  number  of  people  stead  of  beneath,  the  objects  themselves  >  and,  by  tracing 
running  down  to  the  sea  side.  On  inquiring  the  reason,  the  progress  of  the  rays  of  light,  in  a  manner  similar  to 
he  was  informed  that  the  coast  of  France  was  plainly  to  Mr.  Huddart's,  concludes  that  these  phenomena  arose 
be  distinguished  by  the  naked  eye^  He  immediately  went  from  unusual  variations  of  increasing  density  in  the  lower 
down  to  the  shore,  and  was  surprised  to  find  that,  even  strata  of  the  atmosphere.  In  the  vol.  for  1795,  Mr,  Dalby 
without  the  assistance  of  a  telescope,  he  could  plainly  see  mentions  having  seen  the  top  of  a  hill  appear  detached; 
the  clifis  on  the  opposite  coast ;  which,  at  the  very  nearest  for  the  sky  was  seen  under  it.  In  this  case,  as  well  as  in 
port,  are  between  40  and  50  miles  distant,  and  are  not  to  the  preceding,  says  Dr.  W.,  it  is  probable  that  inversion 
be  discerned  from  that  low  situation  by  .the  aid  of  the  beat  took  place,  and  that  the  lower  half  of  the  portion  detached 
glasses.  Tliey  appeared  to  be  only  a  fev»  miles  off,  and  was  an  inverted  image  of  the  upper,  as  the  sky  could  only 
wemed  to  extend  for  some  leagues  along  the  coast.  Mr.  L.  be  seen  beneath  it  by  an  inverted  course  of  the  rays, 
pnraued  his  walk  along  the  shore,  elose  to  the  water's  Since  the  causes  of  sucb  peculiarities  of  terrestrial  rc- 
odge,  conversing  with  tbe  sulors  and  ^sherm^n  on  the  fraction  had  not  received  so  full  an  explanation  as  might 
•ubject.  At  first  these  could  not  be  persuaded  of  tbe  be  wished.  Dr.  Wollaston  has  endeavoured,  Ist,  To  in- 
reality  of  tbe  appearance  ;  but  soon  became  so  fully  con-  vestigat;  theoretically  the  successive  variations  of  in- 
viikced,  by  the  cliffs  gradually  appearing  more  elevated,  creasing  or  decreasing  density  to  which  fluids  in  general  ' 
and  approaching  nearer,  as  it  were,  that  they  pointed  ofit,  are  liable,  and  the  laws  of  the  refractions  occasioned  by 
jind  named  to  him,  the  different  places  they  had  been  ae-  them.  2dly.  To  illustrate  and  confirm  the  truth  of  this 
customed  to  visit;  such  as  the  Bay,  the  Old  Head  or  Man,  theory  by  experiments  with  fluids  of  known  density.  And 
thewindmill&catBoulogne,  St.  Vallery,  and  other  places  lastly,  to  ascertain,  by  trial  on  the  air  itself,  the  causes  and 
on  the  coast  ofpicardy ;  which  they  afterwards  confirmed,  extent  ot'those  variations  of  its  refractive  density,  on  which 
when  they  viewed  them  through  their  telescopes.  Their  tbe  inversions  of  objects,  &c,  appear  to  depend.  See 
remarks  were,  that  the  places  appeared  OS  near  as  if  they  vol.  go,  or  my  Abridgement,  vol.  18,  p.  667- 
vere  sailing  at  a  small  distance  into  tbe  harbour.  In  a  Idte  letter  from  Mr.  Dalby  he  says,  he  repeatedly 

HaviDgindulgedbiscurinsityDntheshorefornearanhonr,  observed,  when  measuring  the  hnse  on  King's  Sedgerooor, 
duriugwbiah  time  thecliffsappeared  to  beatsome  times  more  those  extraordinary  refractions.  The  moor  is  several  miles  ■ 
bright  and  near,  at  others  more  faint  and  distant,  but  never  in  length,  and  as  level  as  the  sea.  When  the  sun  shone  out 
outof^Nght,  Mr.  L.  went  upon  the  eastern  cliff  or  hill,  which  altera  shower  of  rain,  he  placed  a  telescope  on  the  top  of 
is'of  a  coiisiderable  height,  when  a  most  beautiful  scene  the  front  wheel  of  a  carriage,  and  then  the  cattle  grazing 
presented  itself  to  view;  for  he  could  at  once  see  Oenscncs*,  on  the  moor,  at  the  distance  of  4  or  5  miles,  appeared 
Dover  cliffs,  and  the  French  coast,  all  along  from  Calais,  through  the  telescope  in  their  proper  shapes  and  position, 
poulogne,&c,  toStVallery;  andassomeof  thefisberroen  without  any  inversion  ;  but  when  the  telescope  was  laid 
affirmed,  as  far  to  the  westwardcven  as  Dieppe.  By  the  tele-  on  the  box  near  the  axle,  at  about  2  feet  below  the  topof 
scope,  theFrenchfisbing-boatswereploiuly  to  be  seen  at  an-  the  wheel,  or  2  feet  from  tbe  ground,  he  saw  the  inverted 
chor;  and  ihedifierentcoloursof  the  land  upon  the  heights,  images  of  the  cattle  complete.  Suppose,  says  he,  a  look- 
together  with  the  buildings,  were,  perfectly  discernible,  iug-glass  laid  on  a  table  before  you;  then  if  you  conceive 
This  curious  phenomenon  continued  in  tbe  highest  splen-  flies,  or  mice,  or  any  small  anima^,  to  be  walking  on  the 
dour  till  past  8  o'clock  (though  a  black  cloud  totally  ot^  glass,  you  will  have  a  perfect  idea  of  the  appearance. 
scured  theiaceof  thesunforigme  time)  when  it  gradually  (See  an  idea  of  it  represented,  plate  xxxi,  fig- 1}.  It  was 
vimishetl.  curious  to  seecows  and  horses  with  their  backs  dowowtirds. 
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walVin;  fool  to  foot  ^ainit  otheri  above.     The  lower  or  mentt,  Ke'wion  proved,  that  the  blup  Mys  are  more  re- 

reBectett  images  were  u  bright  and  well  defined,  as  the  fractcd  than  the  red  onet,  and  that  there  is  likewite  un- 

Dpfwr  or  reel  objecti.     In  moving  the  telescope  from  the  equal  refracrion  in  the  intermediate  nyt;    and  upon  the 

top  of  the  wlieel,  down  towards  the  axle,  the  fint  chen^  whole  it  appears  that  the  sun's  rayi  have  uot  all  the  game 

olMerved,  was  the  lengthening  of  the  animals'  t^s;  after-  refrangibility,  and  consequently  are  not  of  the  tame  no- 

wards,  before  the  complete  in veision  took  place,  the  ap-  ture.     It  is  also  observed  that  those  rays  which  are~n)ost 

pearances  were  so  singularly  bntastical,  that  it  i*  impus-  refrangible,   are  also   most  reflexiUe.      See  RErLE-xi- 

•ibie  to  describe  them.  bilitt;  also  Newton's  Optics,  pa.  32  &c,  3d  edit. 

The  inversion,  above  mentioned,  is  evidently  the  effect  The  difference  between  refrengibitity  and  reflexihility 

of  reflection  from  a  stratum  of  dense  vapour;  for  I  never  was  first  discovered  by  Sir  Isaac  Newton,  in    1671-3, 

could  perceive  any  thing  of  the  kind  but  when  the  sun  and  communicated  to  the  Royal  Society,  in  a  letter  dated 

tboDe  out  immediately  after  a  shower  of  rain,  and  the  Feb.  6  of  that  year,  which  svas  published  in  the  Philos. 

evaporation  was  copious.  Such  refractions  and  rejections  Trans,  numb.  SO,  pa.  3075;  and  from  that  time  it  was 

vill  Bccountforthasestrangeappearances  noticed  by  gome  vindicated  by  him,  from  the  objections  of  several  persons; 

traveller*  while  they  were  crossing  the  extensive  flats  in  particularly  Pardies,  Marioite,  Linus  or  Lin,  and  other 

Arabiaand  Egypt.  gentlemen  oFthe  EnglishcollegeatLi^e;  and  at  length  it 

A  similar  phenomenon  Mr.  Dalhy  observed  while  he  was  more  fully  laid  down,  illustnted,  and  confirmed,  bj 

wascrossing.inBBmaHboat.fromMuttonCoTe.Plyniuuth  a  great  variety  of  experiments,  related  in  bis  excellent 

Dock,  to  the  Passage-house  below  Mount  Egdecumbe.    He  treatise  on  Optics. 


aayi,  "  When  my  eye  was  brought  down  to  the  edge  of  the 
boat,  about  a  foot  from  the  lurftce  of  the  water,  the  sum- 
mit of  the  distant  rock  called  the  Mewer-stone,  in  Ply- 
mouth harbour,  appeared  totally  detached,  or  lifted  up, 
from  the  lower  part.  This  proves  that  the  vapour  rising 
from  the  sea  must  have  bad  a  great  refractive  power  near 
the  surface  ;  for  no  apparent  separation  took  place  when 
the  eye  was  3  or  3  feet  from  the  water." 

REFRANGIBILITY  of  Ugki.  the  disposition  of  the 
rays  to  be  refracted.  And  agreater  or  less  refrangibillty, 
is  a  disposition  to  be  more  or  less  refracted,  in  passilig  at 
equal  angles  of  incidence  into  the  same  medium.— That 
the  rays  of  light  are  differently  refrangible,  is  the  founda- 
tion of  Newton's  whole  theory  of  light  and  colou  ra;  and 
the  truth  and  circumstances  of  the  principle  he  evinced 
from  such  e.YpcrimiMiti  as  the  following. 


But  further,  as  not  only  these  coloMrs  of  light  produced 
by  refraction  in  a  prism,  but  also  those  rejected  fVoia 
opaque  bodies,  have  their  di&rent  degrees  of  refrangS- 
bility  and  reflexibility  ;  and  as  a  white  light  arises  from 
a  mixture  of  the  several  coloured  rays  together,  the 
same  great  author  concluded  that  all  homogeneous  light 
has  its  proper  colour,  corresponding  to  its  degree  of  re- 
frangibility,  and  not  capable  of  being  changed  by  any 
reflections,* or  any  refractions;  that  the  sun's  light  is  com- 
posed of  all  the  primary  colours  ;  and  that  all  compound 
colours  arise  from  the  mixture  of  the  primary  ones,  &c. 

The  different  degrees  of  refrangibility,  he  conjectures 
to  arise  from  the  difierent  magnitude  of Ihe  particle*  com- 
posing the  different  ny*.  Thus,  the  most  refrangible 
rays,  that  is  the  red  ones,  he  supposes  may  consist  of  th« 
largest  panicles ;  the  least  refrangible,  i.  e.  the  violet 
rays,  of  the  smallest  particles  {  and  the  intermediate  ray*, 
yellow,  green,  and  blue,  of  particle*  of  intermediate  siies. 
Sec  Colour. 

Dr.  Ilcrscbel  has  made  many  ingenious  obacrvatiom 
and  experiments  on  tfae'diSiirent  degrees  of  lefrangtbility 
of  the  sun's  rays ;  from  which  it  appears,  that  beside  the 
seven  coloured  rays  of  light  which  formed  the  ha*is  of 
Newton's  theory,  there  are  other  rays  that  are  perfectly 
colourless;  a  summary  of  which  experiibents  is  giv«) 
under  the  article  Sun,  m  treating  of  the  nature  of  bis 
ray*.    See  SuK. 

method  of  correcting  the  eiect  of  the  diffwent 


Let  EO  represent  the  windowsh utter  of  a  dark  room, 
and  F  a  hole  in  it,  tbroueh  which  the  tiKbt  passes,  from 

tbc  luminoiis  objeci  ..  to  il,c  gl...  pn.o  i»c  *.lhin  4=  ^„„,i|,i|i,y  „r  ft.  i.y.  of  Kgbt  in  gh 
loom,  .hKh  r.  r.ct.  ,1  toward,  th.  oppo«te  .><le,  or  a  „„^.  '^j  xiiUCOM. 
screen,  at  ft,  where  it  appears  of  on  oblong  form;  its 
length  being'about  5  times  the  breadth,  and  exhibiting 
tha  various  colours  of  the  rainbow  ;  whereas  without  the 
interposition  of  the  prism,  the  ray  of  light  would  have 
proce^cd  on  in  its  first  direction  to  d.     Hence  then  it 


KEGEL,  or  Ri  BEL,  a  fixed  star  of  the  first  magnitndei 
in  the  left  foot  of  Orion. 
REGIOMONTANUS.    See  JoArt  Muller. 
REGION,  of  the  Air  or  Atmosphere.    Authors  divide 


follows,  1.  That  the  rays  of  light  are  refmngible.     This     the  atmosphere  into  three  stages,  called  the  upper,  mid- 


appears'  by  the  ray  being  refracted  from  its  anginal  direc- 
tion .shd,  into  another,  dp  or  iit,  Jiy  passing  through  a 
di^runt  medium. — 2.  That  the  ray  am  is  a  cou^iound 
one,  which,  by  meant  of  the  prism,  is  decompounded  or 
separated  into  iu  parts,  IIF,  ht,  &c,  which  it  hence  ai>- 
pears  are  all  endued  with  difkreot  degree^  of  refrangi- 


die,  and  lower  regions. — The  lowest  region  is  that  in 
which  we  breathe,  and  is  bounded  by  the  reflection  uf  the 
sun's  rays,  that  is,  by  the  height  to  which  they  rebound 
from  the  earth. — The  middle  region  it  that  in  which  the 
clouds  reside,  and  whfire  meteors  are  formed,  &c  ;  ex- 
tending from  the  extremity  of  ibe  lowest,  to  the  tops  o 


bility,  as  they  are  transmitted  to  all  the  intermediate  the  highest  mountains. — The  upper  region  commences 
poiius  from  x  to  p,  and  there  painting  all  the  different  from  the  tops  of  the  mountuns,  and  reaches  tn  the  ot- 
colours. — From  this,  and  a  great  variety  of  other  experi-     most  limits  of  the  atmosphere.     In  this  region  diere  pco- 
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bably  itifpt  a  perpetual  equable  CAlmocsi,  cleaniesB,  and 
■ercnity. 

ElemmUrg  Rbsiok,  accprding  to  ibe  Ariitotelians,  it 
s  ifhen  termioUed  by  the  concatity  of  ttie  nu>on's  «rb, 
compTebesdir^  the  earib'i  iiiinosfihere, 

£thertal  RxeioN,  is  the  wbok  extent  of  the  univene, 
oompriung  alt  the  lieaven*  with  1^  orbi  of  the  &xed  stars 
uid  Dtkee  cdestiel  bodies. 

Rboiox,  in  Geography,  a  country  or  particniar  divi- 
Hon  t}f  (be  earth,  or  a  tract  of  land  inhabited  by  people 
of  the  ««me  aation. 

Abgiohs  qf  the  Slotm,  Moniern  aetronomers  divide 
Uie  noun  iato  sevenU  r^iona,  or  provinces,  to  each  of 
whicli  they  give  its  proper  Dame, 

BtoiDiJS  tiftte  ScA,  are  the  two  parts  into  which  the 
whole  deipth  of  tlic  wa  is  conceived  to  he  divided.  The 
upper  of  these  extendi  from  ik«  uirface  of  the  water, 
down  as  low  sa  tbe  rays  of  the  tun  can  pterce,  apd  ex- 
tend their  influence;  and  the  lower  r^ioo  extendi  froa 
thence  to  the  botCoa  ci  the  sea. 

Hubltrranean  RsatotB.  These  are  three,  into  which 
the  ew-tli  is  divided,  at  diSeient  depths  below  the  surfaco, 
ccoording  lo  different  degren  ot  cold  or  warrolh  ;  and  it 
is  imagined  thai  tbe  Sd  or  middlemost  of  these  regioiia  is 
the  coldest  of  the  three. 

REGIS  (P£i«a  SyLVAiii),  a  French  philosopher,  and 
fireat  propagator  of  Cartesian iaia,  was  bom  in  Agenois 
1S32.  He  »iudted  tbe  languages  and  philosaphy  under 
the  Jesuits  at  Cahon,  a.nd  afterwards  divinity  in  the  uni- 
versity of  that  town,  being  designed  for  the  church.  His 
progress  ia  learning  was  so  uncommon,  that  at  tbe  end 
of  four  years  he  waa  offetvd  a  doctor's  degree  without  the 
usual  charges;  but  he  did  not  tbinh  it  became  him  till  he 
should  study  ako  in  the  Sorbenne  at  Paris.  He  accord- 
ingly Fsfiaired  to  tbe  capital  for  that  purpose;  but  be 
soon  became  disgosted  with  the<4i^  ;  and,  as  tbe  philo- 
s<^y  of  Oeecartes  began  at  that  time  to  become  popular 
through  the  lectures  of  Robault,  he  conceived  a  taste  fiw 
it.  and  gave  himself  up  entirely  to  its  doctrines.  Hatdng, 
by  atteoding  those  lectures,  and  by  close  study,  become 
*ii  adept  ia  that  philosophy,  he  went  to  Touloose  in  166&, 
where  he  ^ve  lectures  in  it  himself.  Haviog  a  clear  atkd 
ilaeBt  mahaer,  and  a  happy  way  of  explaining  his  Eutyeot, 
he  drew  many  persons  .to  bis  discourses;  tbe  magistratesi 
Iho  literali.  the ^ecclestutica,  and  tbe  very-women,  tvbo  all 
now  alTected  to  renounce  the  ancient  philosepby. 

In  1671,  be  received  at  MontpeUJer  the  saiae  ap- 
filmuta  ioT  his  lecttiref  as  at  I'oulouM.  Finally,  in  l6iO 
he  returned  to  Paris;  where  the  concourse  about  him 
■was  such,  that  the  sticklers  for  Peripateticism  heeantobc 
alarmed.  These  applying  to  the  archbisbap  of  Paris,  he 
thought  it  expedient,  in  the  name  of  the  fung,  to  put  a 
stQj)  to  tbe  lectures ;  which  accordingly  were  discontinued 
for  several  months.  AfterwKrds  his  whole  lime  was  spent 
in  propagating  the  new  philosophy,  1(0111  by  lectures,  and 
'by 'publishing  books;  and  in  defence  of  his  system,  be 
had  disputes  with  Hubt,  Dn  Hamel,  Malbranche,  and 
others.  Un  works,  though  abounding  whh  ingenuity  and 
learning,  liavc  been  neglected  in  consequence  of  the  great 
dJKoverics  and  advancement  in  philosophic  knowledge 
that  has  been  since  made. — He  was  chosm  a  member  of 
the  Academy  of  Sciences  in  Itfgp  ;  and  died  m  1707,  at 
75  years  of  age. 

Hit  mAa,  which  he 'published,  Brc, 
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1.  A  system  of  Philosophy ;  cMttaining  Lo^c,  Me^ 
taphysics,  and  Morals :  in  1690,  3  vols  in  4ta.  being  a 
compilation  of  the  different  ideas  of  Descartes. — It  was 
reprinted  the  year  after  at  Amsterdam,  with  the  addition 
of  a  Discourse  on  Ancient  and  Modern  Philosophy, 

2.  The  Use  of  Reason  and  of  Faith. 

3.  An  Answer  to  Huet's  Censures  of  the  Cartesian  Phi- 
losophy; and  an  Answer  to  Du  Hamcl's  Critical  Rcficci 

4.  Some  pieces  against  Malbranche,  to  diow  that  tbe 
apparent  magnitude  ot  an  otyect  depends  solely  on  the 
m^nilude  of  its  image,  traced  on  the  retina. 

5.  A  small  piece  on  tlie  question,  Whetber  Pleaauce  * 
makes  our  present  Happiness  i 

REGRESSION,  or  Retkog&asatiok  qfCunei,  &c. 
See  Retrobradatiok. 

REGULAR  Figure,  in  Gtonetry,  is  a  figure  that  is 
both  equilateral  and  equiangular,  or  having  all  its  sides 
and  angles  equal  to  one  another. — For  the  dimension^ 
properties,  &c,  of  r^ulur  figures,  see  Polyoov, 

Reoulaa  Boiiy,  called  also,  Pitttonic  Body,  is 4. body 
or  solid  cumpreheoded  by  like,  equal,  and  regular  pleM 
figures,  and  whose  siilid  angles  are  aJl  oqUal.  The  plane 
Agures  by  which  tbe  solid  is  contained,  are  the  faces  of 
the  ^olid.  And  the  sides  of  the  plane  figures  ure  tbe  edges, 
or  linear  sides  of  the  solid. 

There  are  only  five  regular  solids,  viz. 

The  te.traedron,  or  regular  triangular  pyrantid^  having 
4  triangular  facet ; 

The  hexaedron,  or  cube,  having  6  square  faces; 

Tbe  octaedron,  having  8  triangular  faces; 

Tbe dudecaedron,  having  12  pentagonal  faces; 

The  icosaedron,  bavjug  20  triangular  faces. 

Besides  these  five,  there  can  be  no  oth»  regular  bodiw 

Pkob.  1.  7b  eonUmct  or  form  the  Regular  Solide, — See 
the  method  of  describing  these  figures  under  the  article 
Body. 

2.  To^either  the  Sutface  or  the  Solid  ContaU  qf  amf 
tif  the  Regular  Bodiet. — Multiply  the  proper  tabular  area 
or  mrface  (taken  from  tbe  following  table)  by  the  square 
of  the  linear  edge  of  tbe  solid,  for  the  superlicics.  And 
multiply  the  tabular  solidity,  in  tbe  last  column  of  the 
table,  by  the  cube  of  the  linear  edge,  for  the  solid  con- 
tent 

Surfacet  and  SoJidiliea  qf  Regular  Bodiet,  the  Side  being 
VTiity  or  1. 


N*ot 

N.n».     - 

Surfi™., 

SoUditj. 

4 

6 
8 
13 
20 

Tetraedron 

Hexaedron 

Octaedron 

Dodecaedron 

Icosaedron 

1*7320508 
6*0000000 
3-464i0l6 
20-6457788 
8*6602540 

0-1178313 

rooooouo 

0-4714045 
7-663 11 89 
2-18 16950 

3,  The  diameter  of  a  sphere  being  given,  to  find  the 
side  of  any  of  the  Plstonic  bodies,  thnt  may  be  cither  in- 
scribed in  the  sph(;re,or  circumscribed  about  the  sphere,  > 
or  that  is  equsi  to  thesphere. 

Multiply  t*ic  i^ten  diameter  of  the  sphere  by  the  pro- 
per or  corresponding  number,  in  tbe  ftfllowing  table,  an- 
swering to  the  thing  sought,  and  the  product  will  be  the 
side  of  the  Platonic  txrdy  required. 
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Teiraedron 
Hexaedron 
Oc  toed  run 
Dodecaedron 
IcDsnedron 


0-816*97 
0577350 
0707107 
0-525731 
0156822 


2-44048 
1-00000 
1  -22474 

0-66158 

0-44903 


1-64417 
0-88610 
103576 
0-62153 
0-40883 


2.  Ptolemy's  Almageat,  the  fint  bcKlk;  in  Gntk,  Hitb 
.  >pb«t.l>ei>^i,    .crlhcd'in  il»  conncrLbcd  ibovt  to  tht  •pb^,       >  ^Atta  venion,  and  Scholia,  explaining  the  more  obH 

ttteadeafk       •phcre,  i>         dw  ^hcn,  u         u  tcure  pauKgesi  in  Svo,  154S-— At  the  ea<l  of  pa.  123  he 

promises  an  edition  of  Thcon's  CommenMries,  which  arc 
very  useful  for  understanding  Ptolemy's  raitaniDg ;  but 
liii  imnattire  death  prevented  Reiabold  from  giving  thit 
and  other  works  which  he  bad  piqjected. 

3.  Prutenicie  Tabul.-e  Cnlt^tinm    Motuum,    in   4to, 
1551 ;  again  in  J57l ;  and  alio  in  1585.— Bdnli old  spent 

4.  Tht!  Hide  of  any  of  the  6n  Ptaionic  bodiw  being  acven  years  labour  on  this  work,  in  which  he  wu  aiusteA 
^ven,  to  find  the  diameter  of  a  ijriiera,  that  may  either  by  the  munificence  of  Albert,  duke  of  Prossia,  whence 
Iw  inKiibfd  in  that  body,  or  circumicfibed  abont  it,  or  the  taUes  bad  tlicir  name :  he  compared  (he  ohservations 
Iku.  n  equal  to  it. — As  the  respective  number  in  the  of  Copernicus  with  those  of  Ptolemy  and  HippaixAus, 
table  ab«ve,  under  lite  title,  nucrAed,  eiretimxribfd,  or  ivhenor  he  constructed  these  new  tables,  the  uses  of  wMch 
ffua/.  id  10  1,  to  is  the  side  of  the  giuen  Platonic  body,  he  has  fully  explained  in  a  great  number  of  precept*  and 
ta  the  diameter  of  its  inacribed,  circnoucribed,  or  equaJ  canoos,  forming  a  complete  intaoduction  to  pn&ctical 
ipbere.  Astronomy. 

5. , The  side  of  any  ODe  of  the  five  Platonic  bodies  beiog  4.  Primua  liber  Tabularum  Dtnectioawn  ;  U>  which 
given ;  to  &ad  the  side  of  any  of  the  othw  fbu/  bodies,  «re  added,  the  Canon  Fmcundus,  or  Table  at  Tangenti, 
that  may  be  equal  in  solidity  to  that  of  the  given  body. —  to  every  minute  of  the  quadrant ;  ,ao4  N<^v  Tables  of 
As  the  number  under  the  title  e^ual  in  the  last  c<^umn  of  Climates,  ParaUels  and  Sludows,  with  ao  Appendix,  con- 
tbe  table  above.  agaHut  the  giicn  Platonic  body,  is  to  laining  the  second  Book  of  the  Canon  of  Directions ;  Jn 
tbd  number  under  the  same  title,  against  the  tx>dy  whoac  4to,  1554. — Reinhold  here  supplies  what  was  emitted  hy 
tide  is  nought,  so  is  tbbside  of  thegiven  Platonic  body,  to  Regiotnontanua  in  his  Table  of  Directions,  Ike;  showing 
the  aide  of  the  body  lougbt.  the  finding  of  the  unes^  and  the  construction  of  the  tan- 

See  demonstrations  of  many  other  properties  of  the  Pla-     gents,  the  sines  being  found  to  every  minute  of  the  qua- 


,  part  3  sect.  S  pa.  163i 


to  the  radius  10.000,000;  and  he  pcodutcd  the 
Oblique  Ascensions  from  tiO  degrees  to  the  end  of  tiie 
quadrant.  He  teaches  also  the  use  of  these  tables  in  tiic 
olution  of  spherical  problemi. 
Reinhold  prepared^  likewise  an  e;^itioK  of  many  oAar 
works,  which  are  enumerated  in  the  Emperor's  Privilege, 


tonic  bodies,  in  my  Mensuraiio 
itc,  4tb  edition. 

Reoular  Canw.     SeeCnavK. 

REGULATOlt  qfa  Waleh,  isasmall  ^ring belonging 
to  the  balaoce,  serving  to  adjust  the  gMug,  and  I 
it  go  either  faster  or  slower, 

RJSGULUS,  in  Astronomy,  a  star  of  the  first  magni-  prefixed  10  the  Prutenic  Tables*  NtUKcly,  Ephemerides 
lude,  is  the  constellation  X-to  ;  called  also,  from  its  li-  for  several  years  to  come.  CAinputed  frotn  the  new  tables. 
tUHtion,  Cor  Leonis,  or  the  Lion's  Heart;  by  the  Arafa^  TaUea  of  the  Rising  and  Setting  of  several  fwed  Stan, 
Alhabor ;  and  by  the  Chaldcttiis,  KsLbeleced,  or  Kaibe-  for  many  different  climates  and  limes.  The  illustration 
leceid ;  from  an  opinton  of  ib  influencing  tlw  isA'airs  of  and  establishment  lof  CfaTDnol<^,  by  the  ecUpwe  of  (be 
the  heavens ;  as  Tbeon  observes .^'Ihe  loDCttude  of  Ko-  luminaries,  and  the  great  coiyunctions  of  the  planets,  t 
gulus,  as  fixed  hy  Flamsteed,  is  24°  31'  81  ,  and  its  la^     '        '  '  ._..-... 

tilude  0°  26'  38"  north,     iiee  Leo. 

HEINFORCE,  in  Gunnery,  is  that  part  of  a  gun  next 
the  breech, 

the  powder.     There  are  usually  two  reinforces  in  each 
piece,  called  the  first  and  second  ranforce.     The  second 


by  the  appearance  of  comets,  &c.     The  Ecclesitfitical 

Calendar,     The  History,  of  Years,  or  Astronomical  Ca- 

Icwlar.     Iiagoge  Spherica,  or  Elements  of  the  Doctrine 

hich  is  made  stronger  to  resist  the  force  of    of  the  Priroum  JUobile.      Hypotyposes  Orbium  Ctslcs- 

tium,  or  the  Theory  of  PlaaOs.    Constniotion  of  ja  ^W 

Quadrant.     The  Doctrine  of  Plane  ood  Spherical  Trian- 

is  somewhat  smaller  than  the  first,  because  the  inflamed     gles.    Commentaries  on  the  work  of  Copernicus.     Also 

'powder  in  thattfiartis  kssstrong.  Conuneiitaries  on  the  15  books  of  Euclid,  on  Ptolemy's 

Rbivfohce  Ringt  of  «  cannon,  are  flat  mouMi^g,     'Ge<^rapky,  and  on  the  Optics  of  Alhaacn  the  Arabian. 

iike  iron  hoops,  placed  at  the  bveech  end  of  the  first  and     He  also  maids  many  AUronomical  Observations,  but  with 

second  reinforce,  prnjccttng  beyond  the  rest  of  the  metal    a  wooden  quadrant,  which  ob&ervations  were  Keen  by 

Tycho  Brah^  when  he  passed  throi^h  Wiuembcrg  ' 


:e,  pri  _ 
about  a  quarter  of  an 

REINHULD  (Erasmus),  an  eminent  astronomer  and 
jnatbeaiMiuan,  was  ^dtd  at  Snifeldt  in  Thuringia,  a  pro- 
vince in  Upper  Saxony,  the  llth  of  October  1511.  H>c 
studied  mathematics  under  James  Mtlichi  at  Wittemberg, 
in  wjiicfa  uutversily  J^e  afterwards  became  professor  of 
.those  scicnoef,  which  be  taugbtwiih  great  applause;  and 

afiler  writing  a  noraber  of  useful  and  learned  works,  he  wrote  also  concerning  the  Nc 
died  the  I^  of  February  1 553,  at  42  years  of  age  only.  Cassiopeia  in  the  year  1 572  ; 
iJis  writings  arc  chiefly  the  following  : 

1.  T-hrnrix-  itovn  Planetarnm  G.  Purbaciiii,  augmented 
and  illustrated  with  diagrnms and  Scholia;  in  8vo,  1542; 
atid  again  in  1580.— In  this  work,  among  other  tiMngs 
wo»thy  of  notiee,  he  teacbos  (pa.  75  and  76)  that  the 
centre  of  the  lunar  epicycle  describes  an  oval  figure  in 
each  monthly  period,  and  that  tlie  lorbit  of  Mercury  is 
also  of  the  same  oval  ligure. 


1575,  who  wondered  that  so  great  a  ctUtivator  of 
astronomy  was  not  furnished  with  better  instraments. 

Reinhold  left  a  son,  named  also  Erasmus  afVer  hirosetT, 
an  eminent  mathematician  and  physician  at  Salfeldt.    Me 
wrote  a  small  work  in  the  German  language,  on  Subter- 
ranean Geometry,  printed  in  4io  at  Erfirrt   1575.'— He 
Star  which  appeared  in 
ith  an  Astrological  Pro- 
gnostication, 'published  in  1&74,  in  the  Croman  iM^noge. 
KELAIS,  in  Fortification,  la  J'rencb   Icim,  the  Mine 
ith  berme. 


RELATION,  in  Mathem 
spect  of  quantities  of  the  sa 
regard  10  their  magnitude  ; 
Anil  the  equality,  identity,  1 
tions,  is  called  proportion. 


ics,  is  the  habitude  or  re- 
■  kind  to  .each  other,  vritfc 
>rc  usually  called  Ration— 
samcnees  of  two  such  rela- 
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RUATioy,  UumMmicaJ,  in  Mutinl  Coropontion,  is 
that  whose  exlremei  form  a  Mm  or  nnaatural  inicrral, 
iDcapHble  of  being  lui^.— 'Thin  is  otherwise  called  a  faUe 
relation,  and  stands  oppoied  to  a  just  or  true  one. 

RELATIVE  Gruviiy,  heoitg,  Motion,  NeceuUy,  Place, 
Space,  Tinie,  Velocity,  ifc.     Sue  the  several  sohatantivcv, 

RKUEVO,  in  Architecture,  denotes  the  sally  or  pro- 
JEClure  of  any  ornaroenL 

KEMAJNDER,iK  the  difference betweentwo  quantities, 
or  that  which  is  left  after  subtracting  one  from  the  other, 

RENDERING,  ia  Building.     See  Parobtino. 

REPEATING  CiacLE.    See  Circdlar /w(n(«ew«. 

REPELLING  Power,  in  Physics,  is  a  certain  power  or 
faculty,  residing  in  the  minute  particles  of  natural  bodies, 
by  which,  under  cettain  circumstances,  they  mutually 
fiy  from  each  other :  being  the  reverse  or  opposite  to  the 
attractive  power.  Newton  shows,  from  observation,  that 
such  a  force  does  really  exist ;  and  he  argues,  that  as  in 
algebra,  where  positive  quantities  cease,  there  negative 
one*  begin;  so  in  ohysics,  where  the  attractive  fonre 
ceases,  (.here  a  repelling  force  must  begin. 

A*  the  repelling  power  seems  to  arise  from  the  same 
principle  as  the  attracliTe,  only  ratercised  under  different 
circumstances,  it  is  governed  by  the  same  laws.  Now  the 
-attractive  power  we  find  is  stronger  in  small  bodia  than 
in  great  one*,  in  propcircion  to  the  masses;  theiefure  the 
repelling  is  so  too  :  and  as  the  rays  of  light  are  the  most 
minute  bodies  we  know  of;  therefore  their  repelling  force 
must  be  the  greaust.  It  is  computed  by  Newton, 
that  the  attractive  force  of  the  rays  of  light  is  above 
lOOOOOOOOOOOOOOO,  or  one  thous^d  million  of  millions 
of  times  stronger  than  the  force  of  gravity  on  the  surface 
of  the  earth:  hence  arises  that  inconceivable  velocity  with 
which  light  must  move  to  reach  from  the  sun  to  the  earth 
in  little  more  than  7  minutes  of  time.  Eor  the  rays  emit- 
ted from  the  body  oPthe  sun,  by  the  vibrating  motion  of 
its  parts,  arc  no  sooner  got  without  the  sphere  of  attrac- 
tion of  the  sun,  than  they  come  within  the  action  of  the 
repelling  power. 

The  elasticity  orspringinesi  of  bodies,  or  that  property 
by  which,  after  having  their  figure  altered  by  an  external 
force,  they  return  to  their  former  shape  again,  follows  from 
the  repellios  power.    See  Rspulsion. 
•     REPERCUSSION.     See  REfLECTiou. 

REPETEND,  Jn  Arithmetic,  denotes  that  part  of  an 
infinite  decimal  fraction,  which  is  continually  repeated 
ad  infinitum.  Thus  in  the  numbers  2-13  13  13  &c,  the 
figures  13  are  the  repeiend,  and  marked  thus  19. — These 
repetends  chiefly  arise  in  the  reduction  of  vulgar  fractions 
to  decimals.  Thus,  |  =  0'333&c  =0-3;  and  ^  =  0-1666 
&c=l-l6;  and^  =  OU2857  U2837  &c  =  oi42a5r. 
Where  it  is  to  be  observed,  that  a  point  is  set  over  the 
figure  of  a  single  repcteod,  and  over  the  first  and  last 
figure  when  there  are  several  that  repeat. 

Repetends  are  either  Single  or  Compound. 

A  Single  Repetxx  d  is  that  in  which  only  one  figure  re- 
peats; as  0-3,  or  0'6,  &:c. 

A  OmpotDxf  Repetskd,  is  tBat  in  which  two  or  more 
figures  are  repeated  ;  as -is,  or '315,  or'148857. 

^aalar  Repbten  ds  are  such  as  begin  at  the  same  place, 
and  consist  of  the  same  number  of  figures:  as  '3  and  '6, 
«r  1-341  and  3-156. 

Ditninilitr  Repetends  begin  at  different  places,  and 
consist  of  an  uiKquai  number  of  figures. 


To  find  the  finite  Vaim  qf  tag  Sepetmd,  or  to  reduce  it 
to  a  v%ar  fiactiun.  Take  the  given  repeatii^  figure  or 
figures  for  the  numerator  ;  and  for  the  denominator,  Uke 
as  many  f)'s  as  ti.ere  arc  recurring  figures  or  places  in  Iht 
givt-n  ri'petend. 

So  -3  =  -  =  '-;  and  -OS  =  -0  -  =  —  =  — . 
9         3  .         9  90  18 

and  -isS  =*^  =  ^!  ■"<•  2-83  =2— =  2—; 
and  -WSMOS  =  i^  =  i^;  Ac. 

^  W99W0         9S0 

Henceit  foUovs,  that  every  such  infinite  repetend  bu 
a  certain  determinate  and  finite  value,  or  Can  be  enpresied 
by  a  terminate  vulgar  fraction.  And  consequently,  thai 
an  infinite  decimal  which  does  not  repeat  or  circulate, 
cannot  be  completely  expressed  by  afiuite  vulgar  fraction. 

It  may  further  bo  observed,  that  if  the  nutneralor  of  a 
vulgar  fraction  be  1,  and  the  denominator  any  prime 
number,  except' 2  and  5,  the  decimal  which  shall  be 
equal  to  that  vulgar  traction,  will  always  be  a  repetend, 
beginning  at  the  first  phice  of  decimals;  and  this  repe- 
tend must  necessarily  he  a  submultiple,  or  an  aliquot 
patt  of  a  number  expressed  by  as  many  O'sas  the  repetend 
has  figures ;  that  is,  if  the  repetend  have  six  figures,  it 
will  be  a  submultiple  of  099999;  if  four  figun^,  a  sub- 
multiple  of  999J>;  &c.  Whence  it  follows,  that  if  any 
prime  number  be  called  p,  the  sijhes  9999&C,  produced 
as  far  as  is  nccessiiry,  will  always  be  divisible  hyp,  and  the 
quotient  will  be  iJie  repetend  uf  the  decimal  fraction  I'rp- 

The  seme  is  also  true  uf  any  odd  number  whatever 
that  is  nut  divisi  ble  by  a  ;  and  fur  any  repetend  as  well  at 
9.  That  is,  any  odd  number,  not  divisible  by  j,  u  a  di- 
visor of  any  repetend  digit  carried  (o  a  sufficient  number 
of  places,  and  these  will  never  exceed  the  number  ex- 
pressed by  ihedivisor. 

It  )«  also  a  curious  circumstance,  that  all  fractions 
whose  de  nominators  are  the  same,  are  expressetl  indecimals 
by  repetends  which  have  the  same  e£fi!Ctive  figures,  though 
variod  in  their  position-     Thus, 

I  =  -14.2857  U2857,  &c. 
^  =  -285714  285714..  &c. 
^  =  -428571  428571,  &c. 
4  =  -571+28  571428,  &c. 
i  s  '7U285  714285,  &b. 
4  =  -857142  857I4S,  &c 

RESIDUAL  Figure,  in  Geometry,  tifc  figure  remain- 
ing after  subtracting  a  less  from  a  greater. 

RssinuAL  Root,  is  a  root  composed  of  two  parts  or 
membeis,  only  connected  together  with  the  sign  —  or 
minus.  Thus,  a—b,  or  5—3,  is  a  residual  root;  and  is 
so  called,  because  its  true  value  ii  no  more  than  the  re- 
sidue, or  (difference  between  the  parts  a  and  b,  or  5  and  3, 
which  in  this  case  is  3. 

RESIDUUM  (if  a  Cl,arge,  in  Electricity, 'first  disco- 
vered by  Mi'.Gralath,  in  Genpany,  in  1746,  is  that  pan 
of  the  charge  that  lay  on  the  uncoated  part  of  a  Leyden 
phial,' which  does  not  part  with  all  its  electricity  at  once; 
so  that  it  is  afterwards  gradually  diffused  to  the  coating. 

RESISTANCE,  or  Beiisting  Fime,  in  Physics,  any 
power  which  acts  in  opposition  to  another,  so  as  to  de- 
stroy or  diminish  its  effect. 

There  are  different  kinds  of  resistance,  arising  from  the 
various  natures  and  properties  of  the  resisting  bodies,  and 
governed  by  various  laws;  as,  the  resistance  of  solids,  the 
resistanceof  fluids,  the  resistance  of  theair,&c.  Ofeack 
of  these  in  theii  order,  as  below. 


V  Google 


BBS  t    3 

RisuTAvcx  ^  SaHdt,  in  Mechanics,  i>  the  (one  wiib 
wbicti  Uic  quincent  pares  of  solid  bodki  oppose  tba  mo- 
tion of  otben  contiguous  to  them.  Of  tbesc,  there  are 
two  kinds.  The  first,  where  the  resisting  and  the  resisted 
pftrts,  i.  e.  the  moving  and  quiescent  budiei,  are  only  con- 
tiguous, and  do  not  cohere  ;  cunsiituting  separate  bodies 
or  masses.  This  resistance  is  what  Leibnitz  calls  Resist- 
ance of  the  sur&ce,  but  wbicb  is  more  properly  called 
Friction:  for  the  laws  of  which,  seethe  arlicle  FaiCTioir. 

Tlia  Sd  case  of  rpsistance,  is  whore  the  resisting  and  re- 
sisted parts  aru  not  only  contiguous,  but  cubere,  being 
parts  of  the  same  cuntinued  budy  or  mass.  This  resist- 
ance was  first  considered  by  Galileo,  and  may  properly 
be  called  Renitency. — As  to  whnt  regards  the  resistance 
of  bodies  when  struck  by  others  in  motion,  see  PERCtrs- 
siuii,and  CoLLisiov. 

Tkeory  ^  the  Rentumec  of  the  Fibret  qf  Solid  Boditt.  — 
To  conceive  an  idea  oi  this  resistance,  or  renitency  of  the 
parts,  suppose  a  cylimirical  body  suspended  vertically  by 
one  end.  HuTo  all  itsj>arts,  being  heavy,  tend  down- 
wards, and  endeavour  u  separate  the  two  contiguous 
pluies  or  surfaces  wbera  the  body  is  the  weakest ;  but  all 
the  parts  of  them  resist  this  separatiwi  by  the  force  with 
which  they  cohere,  or  are  bound  together.  Here  then  are 
two  opposite  powers ;  vie,  the  weight  of  the  cylinder, 
which  tend*  to  break  it ;  and  the  force  of  cohesion  of  the 
partB,  which  resists  the  fracture. 

,  if  now  the  base  of  the  cylinder  be  increased,  without 
increasing  its  length  ;  it  is  evident  that  both  the  resistance 
and  the  weight  will  be  increased  in  the  same  ratio  as  the 
base ;  and  hence  jt  appears  that  all  cylinders  of  the  sama 
matter  an'd  length,  whatever  their  bases  be,  have  an  equal 
resistance,  when  vertically  suspended. 

But  if  the  Ur^th  of  the  cylinder  be  increased,  without 
increasing  ita  base,  its  weignt  is  increased,  while  the  re- 
•istancB  or  strength  eontinues  unaltered ;  consequently 
the  lengthening  baa  the  effitct  of  weakening  it,  oriDcreaso 
ib  tendency  to  break. 

Hence,  to  find  the  greatest  length  a  cylinder  of  any 
matter  may  have,  when  it  just  breaJu  with  the  addition  of 
another  given  weight,  we  need  only  take  any  cylinder  of 
the  same  matter,  and  fasten  to  it  the  least  weight  that  is 
just  sufficient  to  break  it;  and  then  consider  how  much  it 
must  be  lengthened,  so  that  the  weight  of  thefkrt  added, 
together  witli  the  given  weight,  may  be  just  equal  to  that 
weight,  and  the  thing  is  done.  Thus,  let  I  denote  the  first 
len^  of  the  cylinder,  cits  weight,;  the  given  weight  the 
kngthened  cylinder  is  to  bear,  and  w  the  least  weight  tbat 
brraks  the  cylinder  /,  also  z  the  length  soaght ;  then  as 
i  :  r  :  :  c  :  —  =  the  weight  of  the  longest  cylinder  sought ; 
wad  this,  together  with  the  given  weight  jr*  must  be  equal 
tn  c  tvgether  with  the.  weight  w ;  hence  then 
■y  +  J  =  c  +  «>  i  therefore  x  =  !^  "^  "  ~  *f  —  the  whole 
length  of  the  cylinder  sought.  If  the  cylinder  must  just 
break  with  its  own  weight,  then  ug  =3  0,  and  in  that  case 

r  = -Hi  the  whole  length  that  just  breaks  by  its  own 

weight.  By  this  means  Galileo  found  that  a  copper-wire, 
and  of  cunsequencL-  any  other  cylinder  of  copper,  might 
be  ex  tended  to  4801  hruccios  or  futhomsof  6  feet  each. 

If  the  cylinder  be  fixed  by  one  end  into  a  wall,  with  the 
axis  horlzuiitally  ;  the  force  to  break  it,  and  its  resistance 
to  fracture  will  here  be  bo.lh  diffiTent ;  as  both  the  weigbt 
to  cause  the  fracture,  and  the  resistance  of  the  fibres  to 
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oppose  it,  are  combined  with  the  efiecta  of  the  lever ;  for 
the  weight  to  cause  the  fracture,whether  of  the  beam  alonCt 
or  combined  with  an  additional  weight  hung  to  it,  is  to  b« 
supposed  collected  into  the  centre  of  gravity,  where  it  ia 
considered  as  acting  by  a  lever  equal  to  the  distance  of  ' 
that  centre  beyond  the  face  of  the  wall  where  the  cylinder 
or  other  prism  is  fixed ;  and  then  the  product  of  the  said 
whole  weight  and  distance,  will  be  the  momentum  or  forc» 
to  break  the  prism.  Again,  the  resistance  of  the  fibres 
may  be  supposed  collected  into  thecenlre  of  the  transverse 
section,  and  all  acting  there  at  the  end  of  a  lever  ^uat  to 
the  verlicHl  scmidiameter  of  the  section,  the  lowest  jKunt 
of  that  diameter  being  immoveable,  and  about  which  the 
whole  diameter  turns  when  the  prism  breaks;  and  hence 
the  product  of  the  adhesive  force  of  tlie  fibres  multiplied 
by  the  said  semidiameter,  will  be  the  momentum  of  resist- 
ance, and  which  must  be  equal  to  the  former  momentum 
when  the  prism  just  breaks. 

Hence,  to  find  the  length  a  priam  will  bear,  fixed  so 
horisontally,  before  it  breaks,  either  by  its  own  weight, 
or  by  the  addition  of  any  adventitious  weight ;  take  any 
length  of  such  a  piism,  and  load  it  with  weights  till  it  just 
break.     Then,  put 

I    =  the  length  of  this  prism, 

c  ^  its  weight, 

w  =:  the  weiglit  that  breaks  ir, 

a  =  distance  of  weight  w, 

g  =  any  given  weight  to  be  borne, 

d  =  ita  distance, 

X  ^  the  length  required  to  break. 


Then  I  : 


'c  :  -7-  the  wei^t  of  the  prism  x,  and 
:  its  momentum ;  also  dg  =  the  mo* 
mentum  of  the  weight;;  therefore  —  -1-  <f;  is  the  mo- 
mentum of  the  prism  1:  aiid  itf  added  weight  In  like 
manner  id  ■+■  axe  is  that  of  the  former  or  short  prism  and 
the  weight  that  brake  it ;  consequently 
g  4.  ij  =  Jri  *  ,„,  ..nd  z  =  •"**.''-*  X  21 
is  the  length  sought,  l^at  just  breaks  with  the  weight 
g  at  the  distance  d.  If  this  weight  g  be  nothing,  then 
Jt  s;  V^^"*"  *'*■  X  3/  is  the  length  of  the  prism  that 
just  breaks  with  its  own  weight. 

If  two  prisms  of  the  same  matter,  having  their  bases  and 
lengths  in  the  same  proportion,  be  suspended  horiaontally ; 
it  is  evident  that  the  greater  has  more  weight  than  the 
lesser,  both  on  account  of  its  length,  and  of  iu  base ;  bat 
it  has  less  resistance  on  account  of  its  length,  considered 
as  a  longer  arm  of  a  lever,  and  has  only  more  resistance 
on  account  of  its  base;  therefore  it  exceeds  the  lesser  in 
its  momentum  more  than  it  doc's  in  its  resislance,  and  con-  . 
■equently  it  must  break  more  easily.    , 

Hence  appears  the  reason  why,  in  making  small  ma- 
chines and  models,  people  are  apt  to  be  mistaken  as  to  the 
resistance  and  strength  of  certain  horiaontal  pieces,  wheu 
they  come  to  execute  their  designs  to  large,  by  observiag 
the  same  proportions  as  in  the  small. 

When  the  prism,  fixed  vertically,  is  just  about  to  break, 
there  is  an  equilibrium  between  its  positive  and  relative 
weight ;  and  consequently  those  two  opposite  powers  are 
to  each  other  reciprocally  as  the  arms  of  the  lever  to  whicbi 
they  are  applied,  that  is,  as  half  the  diametet  to  half  the 
axis  of  the  prism.    Oft  the  other  hand,  the  resistance  of  a 
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body  is  fthvayi  tqaal  to  tbe  grcotnt  vre'rgliE  wbich  it  will 
jiui  Histaia  in  a  variJc&l  fjcwiiiuo,  ttiat  is,  to  its  absolute 
areight.  Thrrefore,  eabstiliitiiig  the  absolute  weigbt  tor 
the  resiilancej  it  appcant,  that  tlie  abnolute  \vcjght  ol  u 
body,  suspendciJ  h on aon tally,  is  to  its  relative  wciglit,  as 
the  distance  of  its  centre  of  gravity  from  tbe  fixed  |ioint  or 
axil  of  motion,  is  to  the  dittancc  of  thu  centre  of  gravity 
of  its  haat  from  the  game. 

Tbe  discovery  of  this  iniportanr  truth,  at  least  of  an 
cquiralent  tu  it,  and  to  wbich  this  n  inducible,  we  owe 
to  OaKlcoj  on  »hoie  ayiiim  of  resiniance,  however, 
Hariolte  made  an  ingtmious  remark,  which  gave  binh  to 
anew  system.  Galileo  supposes  that  where  tbe  body 
breaks,  all  the  fibres  break  at  onCe  ;  so  that  the  body  Al- 
ways resiats  with  its  whole  absolute  force,  or  ihe'whole 
force  that  all  its  fibres  have  in  the  place  where  it  breaks. 
But  Mariotte,  finding  that  all  bodies,  even  glass  itself,  bend 
before  they  break,  sho\vs  that  fibres  are  to  be  considered 
as  so  many  little  bent  springs,  which  never  exert  their 
whole  force,  till  stretched  to  a  certain  point,  and  never 
break  till  entirely  unbent.  Hence  those  neaiest  the  ful- 
crum of  the  lever,  or  lowest  point  of  ibc  fracture,  are 
stretched  less  than  those  farther  ofT,  and  consequently  em- 
ploy a  less  part  of  their  force,  and  break  later. 

This  consideration  only  takes  place  in  the  horizontal 
iituuiicn  of  the  body  ;  for  in  the  vtriical,  the  fibres  of  the 
base  all  break  at  once  ;  so  that  the  absolute  weight  ofihc 
body  must  exceed  the  united  resistance  nf  all  its  fibres ; 
a  greater  weight  is  therefore  lequired  iiert  than  in  the  ho- 
rizontal sitnntipn,  that  is,  a  greater  weight  is  required  to 
overcome  their  united  resistance,  than  tu  overcome  their 
•evierat  resistances  one  after  another. 

Vartgiiun  has  improved  on  the  system  nf  Mariotte,  and 
thown  that  to  Galileo's  system,  it  adds  the  consideration 
of  the  centre  of  percussion  ;  for  in  each  system,  the  sec- 
tion, fchere  the  body  breaks,  moves  on  the  axis  of  cqijili- 
briuio,  or  line  at  the  lower  extremity  of  the  same  section  ; 
biith)  the  tecund,  the  fibres  of  this  section  are  continually 
stretching  more  and  laore,  and  that  in  the  same  ratio,  as 
they  are  sitHated  farther  and  farther  from  the  axis  of  efjui- 
librJum,  and  consequently  are  still  exerting  agreaterand 
greater  pare  of  their  whole  force. 

'  These  unetjual  extensions,  like  all  other  forces,  ntvst 
bare  some  common  centre  where  they  are  united,  making 
equal  efforts  on  each  side  of  it :  and  as  they  arc  precisely 
in  the  same  proportion  ns  the  velocities  which  the  several 
points  of  a  h>d  moved  circularly  would  have  to  one  an- 
other, the  centre  of  extension  of  the  section  where  the 
body  breaks,  must  be  the  same  as  its  centre  of  percussion. 
Galileo's  hypothesis,  where  fibres  stretch  equally,  and 
break  all  at  onc^  corresponds  to  the  case  of  a  rod  moving 
parallel  to  itself,  where  the  centre  of  extension  ot  percus- 
sion does  not  appear,  as  being  confounded  with  the  centre 
of  gravity. 

Hence  it  follows,  that  the  resistance  of  bodies  in  Ma> 
liotte's  syst^,  is  to  that  in  Galileo's,  as  tbe  distance  of 
tbe  centre  of  percussion,  taken  'on  the  vertical  diameter  6! 
tbe  fracture,  is  to  tbe  whole  of  that  diameter  :  and  hence 
also,  the  resistance  being  less  than  what  Galileo  imagined, 
the  relative  jveight  must  also  be  less,  and  in  tbe  ratio  just 
mentioned.  So  that,  after  conceiving  the  relative  weight 
of  a  body,  and  its  resistance  equal  to  its  absolute  we^t, 
as  two  contrary  powers  applied  to  the  two  arms  of  a.  lever, 
■a  the  hypothesis  of  Galileo,  there  needs  nothing  to  change 
itinto  that  of  Mariotte,  but  to  imagine  that  the  resistance, 
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or  the  absolute  ueigbt,  is  become  teas,  in  tbe  ratio  above 
mentioned,  every  thing  else  remaining  the  same. 

One  of  the  most  curious,  and  perhaps  the  most  useful 
questions  in  this  research,  is  to  find  what  figure  a  body 
must  have,  that  its  n-sisiance  may  ba  equal  or  propoi^  , 
tiunal  in  every  part  to  the  foixe  tending  to  brtak  it.  Now 
to  this  end,  it  Is  necessary,  some  part  of  it  being  conceived 
as  cut  off  by  a  plane  piu-allel  to  tbe  fracture,  that  the  mo- 
mentum of  the  part  rttnnched  be  to  its  resistance,  in  the 
tame  ratio  as  the  momentum  of  the  whole  is  to  its  resist- 
ance ;  theae  four  powers  acting  by  arms  of  levers  peculiar 
to  themselves,  aud  are  pioportional  in  the  whole,  and  in 
each  part.of  asolid  of  equal  resistance;  and  from  this  pro- 
portion, Vai'ignon  easily  deduces  two  solids,  which  shall 
resist  equally  in  all  their  parts,  or  he  no  more  liable  to 
break  in  one  part  than  in  another  :  Gahleohad  found  one 
before.  That  discovered  by  Varignon  is  in  the  tbrm  of  a 
trumpet,  and  is  to  be  fixed  into  a  wall  at  its  greater  end  ; 
so  that  its  magnitude  or  weight  is  always  diminished  in 
prt^ortion  as  its  length,  or  the  arm  of  the  Irvpr  by  which 
its  weight  acts,  is  increased  :  aW  it  is  nniarkHblc  that, 
however  different  the  two  systems  may  be,  the  solids-  of 
equal  resistance  arcthe  same  in  both. 

i'or  the  resistance  of  a  solid  supported  at  each  end,  as 
of  a  beam  between  two  walls,  see  Beam. 

Rbbistahce  qf  FUtidi,  is  the  force  with  wbich  bodies, 
moving  in  fluid  mediums,  arc  impeded  and  retarded  in 
their  niotlnn.  A  body  moviuji  in  a  Huid  is  resisted  from 
two  causes.  The  first  of  these  is -the  Cuhesion  uf  tbe  parts 
of  the  Huid.  lor  a  body,  in  its  motion,  sepaniting  the 
parts  of  a  fioid,  must  oveiTome  the  force  with  which  thosa 
parts  cohere.  The  second  is  the  inertia,  or  inactivity  of 
matter,  by  which  a  certain  force  is  required  to  movt:  tbe 
particles  from  their  places,  in  order  to  let  tbe  body  pass. 

The  retardatiou  from  tbe  first  caase  is  always  the  sama 
in  the  same  space,  whatever  the  velocity  be,  tbe  body  re- 
maining the  same ;  that  IS,  the  resistaiice  is  as  the  spaca 
run  through  in  the  same  time  :  but  the  velocity  is  also  io 
the  same  ^atio  of  the  spate  run  over  in  the  same  time:  and 
therefure  the  resistance,. troia  this  cause,  is  as  the  velocity 
itself. 

The  resistance  from  the  second  cause,  when  a  bodf 
moves  through  tbe  same  fluid  with  diffennt  velocities,  i» 
as  the  squito  of  the  velocity.  For,  first  the  resistance  in> 
crease!  according  to  tbe  number  ^  particles  or  quantity 
et'  the  fluid  stnick  in  the  same  time  ;  wbich  number  must 
be  as  the  space  run  through  in  that  time,  that  is,  as  tha 
velocity;  but  the  resistance  also  increases  in  prnportioo 
to  the  force  with  which  the  body  strikes  against  evirry 
part;  wbich  force  is  also  as  the  velocity  of  the  body,  being 
double  with  a  double  velocity,  and  triple  with  a  triple 
one,  &c  :  therefore,  on  both  these  accounts,  the  resistance 
is  as  the  velocity  multiplied  by  the  velocity,  or  as  the 
square  of  the  velocity.  On  tbe  whole  therefore,  on  ac- 
count of  both  causes,  viz,  the  tenacity  and  inertia  of  the 
fluid,  the  body  is  resisted  partly  as  the  velocity  and  partly 
as  the  square  of  the  velocity. 

But  when  tbe  same  body  luavw  thnm^  different  fluids 
with  the  same  velocity,  the  resistance  from  the  second 
Cause  follows  the"  proportion  of  the  matter  to  be  removed 
in  the  same  time,  which  is  as  the  density  of  tbe  fluid. 

Hence  therefore,  if  d  denote  the  density  of  the  fluid, 
V  the  velocity  nf  the  body, 
and  a  and  b  constant  coefficients : 
then  ado*  +  bv  will  be  p(oportional  to  the  wliole  resUt- 
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Kiira  toihe  aune  body,  moving  widi  different  velocities,  will  bence  acquire,  will  not  be.in  ibe  direction  erf  (he  re-~ 

in  thesainedirectioa,  through  fluids  of  different  deiuities,  sisled  body,  but  perpendicular  to  its  oblique  surface; 

but  of  the  same  tenacity.  whence  the  resistance  to  such  a  body  will  not  be  estimated 

Buti  to  take  in  the  consideration  of  different  tenacities  Irom  the  whole  motion  communicated  to  the  particles  of 

of  fluids;  iff  denote  the  tenacity,  or  the  cohesion  of  the  the  fluid,  but  from  that  part  'of  it  only  which  is  in  the 

parts  of  the  fiuid^  then  dtto*  -t-  bto  will  be  as  the  whole  direction  of  the  resisted  body.     In  fluids  then,  where  the 

resistance.  parts  are  thus  discontinued  from  each  other,  the  different 

Indeed  the  quantity  of  resistance  from  the  cohesion  of  obliquities  of  that  surface  which  goes  foremost^  will  occa- 

thc  parts  of  fluids,  except  in  glutinous  ones,  is  very  small  sion  considerable  changes  in  the  resistance  ;  though  the 

in  respect  of  the  other  resistance ;  and  it  also  increases  iD  transverse  section  of  the  solid  should  in  all  cases  be  the 

a  much  lower  d^ree,  being  only  as  the  velocity,  while  same :  And  Newton  has  particularly  determined  that,  in 

the  other  increases  as  the  square  of  the  velocity,  and  rather  a  fluid  thus  constituted,  the  resittaDce  of  a  globe  is  but 

more.     Hence  then  'the  term  btv  is  very  small  in  respect  of  half  the  resistance  of  a  cylinder  of  Uie  same  diameter) 

the  other  term  'adi^ ;  and  consequently  the  resistance  is  moving,,  in  the  direction  of  its  axis,  with  the  same  velo- 

nearly  as  this  latter  term  ;  or  Dearly  as  the  square  of  the  city. 

velocity.  Which  rule  has  been  employed  by  most  authors.  But  though  the  hypothesis  of  a  fluid  thus  constituted  be 
and  is  very  near  the  truth  in  slow  motions;  but  in  very  of  great  use  in  explaining  the  nature  of  resistances,  yet  we 
rapid  ones,  it  differs  considerably  from  the  truth,  as  we  know  of  no  such  fluid  existing  in  nature;  all  the  fluids 
shall  perceive  below;  not  indeed  from  the  omission  of  the  with  which  we  are  conversant  being  so  constituted,  that 
small  term  btv,  due  to  the  cohesion,  but  from  the  wont  Of  their  particles  either  lie  contiguous  to  each  other,  or  at 
the  full  counter  pressure  on  the  hinder  part  of  the  b6dy,  least  act  on  each  other  in  the  same  manner  as  if  they  did: 
a  vacuum,  either  perfect  or  partial,  being  left  behind  the  *  consequently,  in  these  fluids^  no  one  patticle  that  is  con- 
body  in  its  motion.;  and  also  perhaps  to  some  compression  tiguous  to  the  resisted  body,  can  be  moved,  without  moving- 
or  accumulation  of  the  fluid  against  the  fore  part  of  the  at  the  same  time  a  great  number  of  others,  tome  of  which 
body.     Hence,  will  be  distant  from  it ;  and  the  motion  thus  communicated 

I'o  conceive  the  resistance  of  Quids  to  a  body  moving  in  to  a  mass  of  the  fluid,  will  not  be  in  any  one  determined 

them,  we  must  distinguish  between  those  fluids  which,  direction,  but  different  in  all  the  particles,  according  to 

being  gr^tly  compressed   by  some  incumbent  weight,  the  different  positions  in  which  they  lie  in  contact  with 

always  close  up  the  space  behind  the  body  in   motion,  those  from  which  they  receive  their  impulse;   whence, 

without  leaving  any  vacuity  there;  and  those  fluids  which,  great  numters  of  the  particles  being  diverted  into  oblique 

■rat  being  much  compressed,  do  not  qiiiclily  fill  up  the  directions,  the  resistance  of  the  moving  body,  which  wiU 

space  quitted  by  the  body  in  motion,  but  leave  a  kind  of  depend  on  the  quantity  of  motion  communicated  to-Ihe 

vacuum    behind   it.      These  differences,  in  the  resisting  fluid  in  its  own  direction,  will  be  different  in  quantity  from 

fluids,  will  occasion  very  remarkable  varieties  in  the  laws  what  it  would   be  in  the  foregoing  supposition,  and  its 

of  their  resistance,  and  are  Ht»olutety  necessary  to  be  con-  estimation  becomes  much  more  pomplicated  and  operose. 
sidered  in  the  determination  of  the  action  of  the  air  on         If  the  fluid  be  compressed  by  the  incumbent  weight  of 

shot  and  shells;  foAhe  air  parbtkes  of  both  these  aflec-  its  upper  parts  (as  all  fluids  are  with  us,  except  at  their 

tions,  according  to  the  different  velocities  of  the  projected  very  surface),  and  if  the  velocity  of  the  moving  body  be 

body.  much  less  than  that  with  which  the  parts  of  the  fluid  woiild 

in  treating  of  these  resistances  too,  the  fluids  roey  be  rush  into  a  void  space,  in  consequence  of  their  comprei- 

considered  either  as  continued  or  discontinued,  that  is,  sion ;  it  is  evident,  that  in  this  case  the  space  left  by  the 

having  their  particles  contiguous  or  else  as  separated  and  moving  body  will  J>e  instontaneonsly  filled  up  by  the  fluid ; 

anconneaed  ;  and  also  cither  as  elastic  or  non-elastic.    If  and  the  parts  of  the  fluid  against  which  the  foremost  part 

afluid  weresoconstituted,  thalalltbeparticlcscomposing  of  the  body  presses  in  its  motion,  will,  instead  of  being 

it  were  at  some  distance  from  each  other,  and  having  no  impelled  forwards  iu  the  direction  of  the  body,  in  some 

action  between  them,  then  the  resistunce  of  a  body  moving  measure  circulate  towards  the  hinder  part  of  it,  in  order 

in  it~would  be  easily  computed,  from  the  quantity  of  mo-  to  restore  the  equilibrium,  which  the  constant  influx  of  the 

tiun  communicated  to  those  particles ;  for  instance,  if  a  fluid  behjnd  the  body  would  otherwise  destroy ;  whence    ' 

cylinder  moved  in  such  a  fluid  in  the  direction  of  its  axis,  the  progressive  motion  of  the  fluid,  and  consequently  the 

it  would  communicate  to  the  particles  it  met  with,  a  velo-  resintance  of  the  body,  which  depends  upon  it,'  wonid  in 

citycqual  toiisown, and  in  itsown  direction,  whenneither  this  instance  be  much  less,  than  in  tlie  hypothesis  where 

the  cylinder  nor  the  parts  of  the  fluid  are  elastic:  whence,  each  particle  is  supposed  to  acquire,  from  the  stroke  of 

if  the  velocity  and  diameter  of  the  cylinder  be  known,  and  the  resisting  body,  a  velocity  equal  to  that  with  which 

,  also  the  density  of  the  fluid,  there  would  thence  be  de-  the  body  moved,  and  in  the  same  direction.     Newton  has 

tcrmincd  the  quantity  of  motion  commuuicated  to  the  determined,  that  the  resistance  of  a  cylinder,  moving  in 

fluid,  which  (as  action  and  rractiun  are  equal)  is  the  same  the  directioD  of  its  axis,  in  such  a  compressed  fluid  as  ho 

<mih  the  quantity  lost  by  the  cylinder,  and  consequently  have  here  treated  of,  is  but  one-fourth  port  of  the  resistance 

the  resistance  would  thus  be  ascertained.  to  the  same  cylinder,  if  it  moved  with  the  same  velocity 

In  this  kind  of  discontinued  fluid,  the  particles  being  in  a  fluid  constituted  in  the  manner  described  in  the  first 

detached  from  each  other,  every  one  nf  them  can  pursue  hypothesis,  each  fluid  being  supposed  of  the  same  density. 
Its  own  motion  in  any  direction,  at  least  for  some  time,         But  again,  it  is  not  only  in  the  quantity  of  their  resist- 

iitdcpendent  of  the  neighbouring  ones  ;  so  that,  instead  of  sncc  that  these  fluids  differ,  but  also  in  ths  different  manner 

a  cylinder  moving  in  the  direction  of  its  axis,  if  a  body  in  which  they  act  upon  solids  of  (hffercnt  forms  moving  in 

with  a  surface  oblique  to  its  direction  be  supposed  to  move  them.     In  the  discontinued  fluid,  first  described,  the  ob- 

in  such  a  fluid,  the  motion  which  the  parts  uf  the  fluid  liquity  of  the  foremost  surface  of  the  moving  body  would 

Vol.  If.  .        ^     '  2  S 
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4iiDtiikb  the  tesistance  i  but  ibe  ant  tMiig  6oet  not  hold  pi-oporl)'  compraiHd  ;  for  iu  oUiqud  »rface  dimini^e* 

true  in  coiitprcaied  fluids,  *l  It^sl  not  in  any  eonsiderabl*  iti  retitttincc  in  ona  cu«,  and  not  ia  tb«  other :  however, 

ilfgree;  for  the  cbirf  miituice  in  compreiwd  fluiili  arise*  as  the  compn-uion  of  the  medium,  even  when  a  vacuity 

from  the  greiier  or  Ion  itciViiy  with  which  the  fluid,  inf  ii   left  behind    the  moving  body,  insy  yet  confioe  the 

fieUed  hy  the  fore  part  of  the  body,  can  circulate  towards  obliifuie  motion  of  the  pan*  of  the  fluid,  which  are  driven 

tU  hinder  pan  -,  and  Ihit  beii^  little,  if  at  all,  afTecled  by  before  the  body,  and  U  in  an  elastic  Buid,  such  ai  our 

the  form  of  the  moving  body,  whether  it  be  (Cylindrical,  air  is,  there  will  be  some  degree  of  condensation  in  those 


conical,  or  spherical,  it  follows,  that  white  the  Iransverto 
Mciiuaof  the  body  is  the  snine,  and  comeqaenlly  the 
Quantity  of  impelled  fluid  also,  the  change  of  figure  in  the 
liody  will  scarcely  aSect  tbe  quantity  of  its  rtfdistance. 
■  And  this  ease,  viz,  the  rciiitance  of  a  compressed  fluid 
to  B  solid,  moving  in  it  with  a  velocity  much  less  than 
what  the  parts  of  the  fluid  would  acquire  from  their  coin- 
Dression,  has  been  very  fully  ci 
a  ascertained  tbe  quantity  of 


parts  1,  it  is  highly  probable  that  tlie  resiiiancc  of  a  globe, 
moving  in  a  compressed  fluid  with  a  very  great  velocity, 
may  greatly  exceed,  the  proportion  of  the  resistance  to 
slow  motioDS. 

And  as  this  increase  uf  the  resisting  power  of  the  me- 
dium will  uke  place,  when  the  vHocity  of  the  moving 
body  is  so  great,  that  a  perfect  vacuum  is  left  behind  it, 
lidercd  by  Newton,  who    so  some  decree  of  augmentation   will  be  sensible  in  v^ 
resistance,  accord-    locities  much  short  of  this;  ' 


311,  by  the  com- 


vacnity,  will  hold  in  a  less  degree  in  this  instance;  and 
therefore  it  is  nut  to  be  supposed  that,  in  the  increased 
resistance  which  has  been  hitherto  treated  of,  it  imnie* 
diately  vanishes  when  the  compression  of  the  fluid  is  just 
suEBctent  to  prevent  a  vacuum  behind  the  resisted  body  ; 
but  we#austco'nsider  it  as  dimioiibing  only  according  a> 
'the  velocity,  with  which  the  parts  of  the  fluid  fbUow  the 
body,  exceeds  that  'with  which  the  body  moves. 

Hence  then  it  may  be  concluded,  that  if  a  globe  aeta 


Ing  to  the  dilTcrcnt  magnitudes  uf  the  moving  body,  and  '  pression  of  the  fluid,  thesp:ice  left  behind  the  body  is  ii 

the  deo»ity  of  the  fluid  :  but  he  oKpressly  infurms  ui  tliat  stantancouily  filled  up ;  yet,  'if  the  velocity  with  which 

the  rules  be  has  laid  down,  are  no.t  generally  true,  being  the  parts  of  the  floid  rush  in  behind,  is  not  much  greater 

tinlyso  00  a  supposition  that  the  compression  of  the  fluid  than  that  with  which  the  body  movee,  the  same  reaaona 

be  increased  in  the  greater  velocities  of  the  moving  body  i  that  have  been  ui^ed  above,  in  the  case  of  an  abaolat^ 
however,  some  unskilful  writers,  who  have  followed  him, 
overlooking  Ibis  caution,  have  applied  tbia  determination 
to  bodies  moving  with  all  degreesof  velocity,  without  attend- 
ing tothedifiiBrent  compressioiM  oflhc  fluids  tb'ey  arv  re- 
aisted  by  ;  and  by  this  means  they  have  accounted  the  re- 
tistance,  for  instance,  of  the  air  to  musket  and  canhon 
shot,  to  be  but  about  one-third  part  of  what  it  is  foiud  to 
be  by  experience. 

It  is  indeed  evident  that  the  resisting  power  of  the  me- 
dium must  be  increased,-  ivhen  the  resisted  body  moves  so  out  in  a  resisting  medium,  with  a  velocity  much  exceed- 
fktt  that  the  fluid  cannot  instantaneously  press  in  behind  ing  that  with  which  the  particles  of  the  medium  would 
it,  and  All  the  deserted  space ;  for  when  this  happens,  the  rush  into  a  void  space,  in  consequencv  of  their  corn- 
body  will  be  deprived  of  the  pressure  of  the  fluid  behind  pression,  so  that  a  vacuum  is  necessarily  left  behind  the 
it  t  which  in  some  measure  balanced  its  resistance,  or  at  globe  in  its  motion;  tha  resistance  of  this  nedium  to  the 
least  the  fute  pressure,  end  must  support  on  its  fore  part  globe  will  be  much  greater,  in  proportion  tu  iti  velocity, 
the  whole  weight  of  a  column  of  the  fluid,  over  and  above  than  what  we  are  sure,  froin  sir  I.  Mewton,  would  take 
the  motion  it  gives  to  the  parts  of  the  same ;  and  besides,  place  in  a  slower  motion :  and  we  may  furlhisr  conclude, 
tbe  motion  in  the  particlea  driven  before  the  body,  is  less  that  tbe  resisting  power  of  the  medium  will  gradually  <ti* 
affected  in  this  case  by  the  compression  of  the  fluid,  and  minish  as  the  velocity  uf  the  globe  decreases,  till  at  lut, 
cpnsequently  they  are  less  deflected  from  the  direction  in  when  it  moves  with  velocities  which  bear  but  a  small  pro-  - 
which  they  are  impelled  by  the  resisted  surface  ;  whence  .^rtion  to  that  with  which  the  particles  of  the  mediuns 
il  happens  .that  this  species  of  resistance  approaches  more  follow  it,  tha  resistance  becomes  the  same  with  what  ia 
and  more  to  thst  described  in  the  first  hypothesis,  where  assigned  by  Newton  in  the  case  of  a  compressed  fluid. 
each  particle  of  the  fluid,  being  unconnected  with  tbe  And  from  this  determination  may  be  seen,  how  false 
.  neighbooting  ones,  pursued  its  own  motion,  in  its  own  that  position  is,  which  asaerts  the  resistance  of  any  mc- 
direction,  without  being  interrupted  or  deflected  by  their  dium  to  be  always  in  the  duplicate  ratio  of  the  velocity 
contiguity;  and  therefore,  ks  the  resistance  of  a  discon-  of  the  resisted  body ;  for  it  plainly  appears,  by  what  has 


tinned  fluid  to  a  cylinder,  moving  in  the  direction  of  i 
axis,  is  4  times  greater  than  the  resistance  of  a  fluid  suffi- 
ciently compressed  of  the  same  density,  it  fallows  that  the 
resistance  of  a  fluid,  when  a  vacuity  is  lett  behind  the 
moving  body,  may  be  near  4  times  greater  than  that  of  the 


t>een  said,  tbat  this  can  only  be  considi'red  as  nearly  true 
in  small  variations  of  velocity,  and  can  never  be  a}ipUed 
in  comparing  together  the  resistances  to  all  veiociti^ 
whatever,  without  incurring  ths  most  enormous  errors. 
See  Robins's  Gunnery,  chap,  2,  prop.  I,  and  my  Tracts 


fuid,  when  no  such  vacuity  is  formed  ;  for  when  a  and  Course  of  Mathem.  vols.  2  and  3.     See  also  the  ar- 

void  spoce  is  thus  left,  the  resistance  approaches  in  its  tides  Rbsigtincb  qf  the  Air,  Projkctile,  and  Gun- 

nature  to  tbat  of  a  discontinued  fluid.  seaY. 

This  then  may  probably  be  the  case  in  a  cylinder  movbg  Resistance  and  retardation  are  used  indifferently  fA 

in  the  same  compressed  fluid,  according  to  the  diflerent  each  other,  bs  being  both  in  the  same  proportion,  and  the 

degrees  of  its  velocity ;  so  that  if  it  set  out  with  a  great  same  resistance  always  generating  the  sapw  retardation, 

velocity,  and  moves  in  the  fluid  till  tbat  velocity  be  much  But  with  regard  to  diiferent  bodies,  tbe  same  le^istanee 

diminished,  the  resistingpower  of  the  medium  may  be  near  frequently  generates  diflerent  retardations;  the  resistance 

'4limesgreaterinthebeginningof  itsmotionthanintheend.  being  as  the  quantity  of  motion,  and  the  retardation  as 

In  a  globe,  tbe  difference  will  not  be  so  great,  because,  that  of  the  celerity.     Per  the  difference  and  measure  of 

on  account  of  its  oblique  surface,  its  resistance  in  a  dia-  the  two,  see  Retard  at  ion.                                             ^ 

continued  medium  is  but  about  twice  as  mach  v  in  otic  Theretardalioni  from  this  lesittance  may  be  comparad 
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together,  by  comparing  the  reustance  with  the-gravity  or  piotilHt  here  catitleaMj  genentetl  by  the  reUtiregnWiy, 
quantity  of  matter.  Il  n  deraomtmted  that  the  re*Ut-  vitl  be  (Jeatroyed  by  tlu  reMotaoce,  or  the  Torcc  Qf  resist- 
ance of  a  cylinder,  which  mom  in  the  diractios  of  it(  ance  it  <w(nal  to  the  mUtive  gravity,  and  the  body  muit 
axi*,  il  equal  to  the  weight  of  a  polumn  of  Ibc  fiuiJ,  then  go  un  equably ;  for  after  the  velocity  is  arrived  at 
wboce  base  is  eifual  lo  tbstof  tht  cylinder,  anil  iti  alti-  luch  a  ds|;ree,  tliat  the  reaitting  force  is  equul  to  the 
tude  equal  to  the  beigbt  through  which  a  body  must  fall  weight  ihat  urges  it,  it  can  increase  no  longer,  and  the 
ill  vacuo,  by  the  force  of  gravity,  to  acquire  the  velocity  globe  must  afterward  continue  to  descend  with  that  ve- 
tif  the  moving  boify..  Ho  tliat,  if  a  denote  the  area  of  the  locity  uniformly.  And^a  body  continually  comes  nearer 
face  or  t-nd  of  tife  cylinder,  or  other  prjum,  v  its  velocity,  and  nearer  to  tbtB  greatest  celerity,  but  can  never  attain 
and  n  the  specific  gr»vity  of  the  fliiid;  then,  the  altitude  it  acciKalely.     Now,  ti  and  n  bring  the  specific  gravhiea 

due  to  the  veWity  v  being  -1,  the  whole  resistance,  or  °l  '^"^  S'^^^^  *"i''"i''^/  ~".  "/"J"  '*'^  "^l^fve  gravity 
^             ^   *g'                                   'of  the  globe  in  the  duid,  and  tberrfore  v>  n  |^d>  (n— n) 

motive  foreeia.  will  be  o  «  »  «    —  =«  —I  thcBnao-  "  *^  **'8'''  ^y  ^^'"^  ''  «  "''g"'  downward  ;  also  »■  =c 

tity  g  being  =  16,^  feet,  or  tlve  space  a  body  falls,  in  -jr-  "    'ho  resistance,  as  above ;   therefoK  these  two 

.I'acuo,  in  the  first  «cond  of  time.  And  the  resistance  to  ^amt  be  equal  when  the  veioctty  can  be  no  further  in- 
a  ^ube  of  the  same  diameter  would  be  (he  nail  of  th;s. — ■  mrf'u' 

Let  a  ball,  for  instance,  of  3  inches  diameter,  be  moved  in  creased,  or  tn  :s  ur,  that  is  ^-~~  =«  yp<P  (u  — n),  or  •»' 
water  with  a  celerity  of  16  i<xt  per  seconJ  of  time  :  now  '  n—n, 

from  experiments  on  pendulums,  .ind  on  falling  bodies,  jt  =  '^g  C"— *);  and  hence  c  =  </{^f-dg  x  -~)  is  the 

has  been  found,  that  this  "is  the  celerity  which   a  body        .,      ..  .    .     i     -.       !.■  l  .l    i_  j  .. 

■    eu        e  I.     1.  ■  t.     r  J  r    .     .L      r  said  umrorTO  or  greatest  velocity  which  the  body  can  at- 

acquires  m  ful  mn  frotn  the  height  of  4  feet;  therefore  ^  ■  l-  i  ■    *-j     .i    .i        '  .      ■     .i         .  ■     i-     . 

,.^  .  ,  ,  *i-  I  c  *  r  o  ■  1.  1-  .  tain;  which  is  evidently  tlie  greater  in  the  subduplicate 
the  weight  of  a  cylinder  of  water  of  3  inches  diameter,  '     -        c  j  .l    j-        .       r  .l    ■.  n      n  .     ■    'i 

-  J  i  II,.  !,■  u    .L  .  ■  ■  L.     r     u     .    mil.   J        ■  ProportJonofd  the  diameter  of  the  ball,     Butvisaways 

find  4  feet  0  gbi  that  h  a  weisht  of  about   121b  4oz,  la  '^     '^,.   ^     .l         i     '.  .  j    i.  i       - 

1  .    .1  .  J  1    °^\'    J  ■  J  .1  =  V^lif'i    '"<*  velocity  irenerated    by  any  accelerativc 

m<.U  =1  gim  •'""•"""■•V'  =  196o.,or  l«lb  ""  '"""•  "  «'™  '  =  W  »b«"  /  "  »=  V^  i  *«  •'. 

^,  '■,"?*      ,-    .  .-,  the  greatest  velocity  »  that  which  is  generated  by  the  ac- 

4os,  for  the  retidtance  of  ■the  cylinder,  or  olb,  2of.  wr        ,       ,      ,         k-h  ,  , 

that  of  the  baJI,  the  aame  as  befijre.  Celeratmg  force  -p  inpaaiing  over  the  space  Jil'or  {  of 

Let  Dov  Uio  resistance,  so  discovered,  be  divided  by  the  (he  diameter  of  the  ball,  or  it  it  equal  to  the  velocity  ge- 
weight  of  the  body,  and  the  quotient  will  show  tJie  ratio  ,  ,  .     -     ,  ,  >— ■         ,  „ 

of  the  retardation  to  the  fo«:e  of  gravity.     So,  if  die  said  '"'"*«^  ■>?  8"*"'^  '"  ^"cnb.ng  the  space  -^  x  Jrf.  For 

ball,  of  3  inches  diameter,  be  of  cast  iron,  it  will  wekh  en.  if  the  ball  ba  of  lead,  which  isj^ut  Hi  tiraai  the 

nearly  6l  ounces,  or  l^|b ;  asd  the  resistance  tteing  6lb  density   of'water;    then  v    s:   ll|,  n  =  1,  »— n  =i 

2oB,  or  93  ounces;  therefore,  tie  resistance  being  lo  the  "— "        ,-,,        ,,         ,  m— «  .  .,j  _■  .-.j 

gravity  as  98  to  6l,  the  retardation,  or  retarding  force,  —  =  !«*  =  V-  ""d  -^  x    f*  =  yd  =   l^i 

will  he  ^  or  1^,  the  focee  of  gravity  beisg  1.     Or  thus  ;  *hat  is,  lh«  uniform  or  greatest  velocity  of  a  bAll  of  lead, 

because  a,  the  area  of  a  great  circle  of  the  ball,  is  'm  desceodiog  in  water,  is  equal  to  liiM  whidh  a  heavy  body 

pd*,  where  d  is  tha  diameter,  and  p  ir  7854,  therefore  acquired  by  falling  in  vacuo  through  a  space  xiyihl,  to 

<be  „■■■.■,«  .o  Ih.  b.1]  i.  »  =  fS^;  ..d  bcc.»«.  it.  '='  °'  tk.,di»>.M.o(  ll.  M.  .lid.  .doci.y  ,.  r  = 

«>Ud  JonttM  i.  »  =  irP.  -ni  to  ."li,bt  |.^P,  wb.,.  '<<♦*  "  "?  =  '*""''«  =  «*"1^  ""'?'  ■"  »• 

V  denote*  its  specific  gravity  ;  therefore,   dividing  the  times  the  root  of  the  same  space. 
Rtistatica.  or  motive  force  m  by   the  weight  w,  gives        Hence  it  appcaiv,  how  soon  small  bodies  come  to  their 

J!L=  ^  „/the   retardation,    or   retarding  force,  g«ate.t  or  uniform  velocity  in  descending  in  a  fluid,  aa 

*>  ^^'^  water,  and  how  very  iniall  that  feloci^  is :    whtcb  ex- 

that  of  gravity  being  1  j  which  is  therefore  as  ibe  square^  plain,  the  reason  of  the  slow  precipitation  of  mud,  and 

of  the  velocity  directly,  and  as  the  diameter  inversely  ;  ,n,»il  particles,  in  water,  as  also  why.  in  precipitktions, 

and  this  IS  the  reason  why  a  large  ball  overcomes  the  re-  ibe  larger  and  groas  particles  descend  soonat,  and  tho 

sutance  better  than  a  small  one,  of  the  same  density.  See  lowest. 

my  Tracts  and  Course  as  above.  Further,  where  s  ae  ff,  at  tiie  deini^  »f  the  fluid  i> 

KsninAHCR  (f  Fluid  Mediumt  to  i^  XoiioHi^  FalHag  equal  to  that  of  the  body,  thenii— nsO,  consequently 

Boifie«'~'A  body  freely  descending  in  a  tluid,  is  accele-  the  velocity  and  distance  descended  are  each  nothing,  and 

rated  by  the  relative  gravity  of  the  body,  (that  is,  tho.dif-  the  boiiy  will  just  float  in  any  partof  thejuid. 
ference  between  its  own  absolute  gravity  and  that  of  a         Moreover,  when  the  body  is  lighter  than  the  fluid,  then 

Uke  bulk  of  the  fluid,)  wbicb  continually  acts  upon  it,'  x  is  less  t^an  n,  and  x— a  becomes  a  negative  quantity, 

yet  not  ec^uably,  at  in  a  vacuum  :  for  the  resistaoce  of  or  the  force  and  motion  tend  the  contrary  way,  that  il,    ' 

the  fluiil  occaitions  a  retardation,  or  diminution  of  acce-  the  ball  will  auend  up  towards  the  top  of  the  fiuid  by  a 

leration,  which  diminniion  incKOsee  with  tbe  velodty  of  motive  force  which  is  as  «— v.     In  this  case  then,  tha 

the  body.     Hence  it  happens,  that  tbere  is  a  certain  ve-  body  jsscending  by  tiie  wc6on  of  tbe  fluid,  is  loored  ex- 

locity,  which  is  the. greatest  that  a  body  can  acquire  by  actly  by  the  same  laws  as  a  hairier  body  fallioft  in  tha 

foiling ;  for  if  its  velocity  be  sucb,  that  the  resistance  fluid.     And  where^ter  the  body  is  placed,  it  is  sustained 

atiung  from  it  becomes  equal  to  tbe  relative  weight  of  the  by  the  fluid,  and  carried  up  with  a  force  equal  to  (he 

body,  its  motion  cm  J>e  no  Jongei  acoeltsated;  for  the  diSerence  of  t^  weight  of  a  qoanuty  of  the  fluid  of  itic 

«  S  a 


yGoogle" 


H  E  S                                   [    3»0   ]  RES 

SBine  bulk  oi  the  body,  from  tb«  weisht  «f  the  body ;  ,              ,,    ,           ,  ,            i  .     <*         vtl      . . 

Aaei.  Iherefore  .  force  ,hlch  oo.liS.ll,  «:U  e,i.bly  '>«""'  '">'3  k"»»».  """t  'T'  '"  -^  "  "ST-  «'"'', 

on  the  body ;  by  which  not  only  the  acliaii  of  gravity  of  b  denotes  the  wnght  of  the  bait,  and  v  the  medinm  ve- 

the  body  is  eonnteracted,  saas  that  it  is  not  to  be  consi-  locity  above-mentioned.      Tbe  balls  employed  on  this 

dered  in  this  case;  but  the  body  is  alio  carried  upwards  occasion  by  Mr.  Robins,  were  leaden  on«s,  of  -^  of  a 

by  a  motion  equably  accelerated,  in  tbe  same  manner  pound  weight,  and  }  of  an  inch  diameter ;  and  to  the 

as  'ft  body  heavier  than  a  .fluid  descends  by  its  relMive  medium  velocity  of 

gravity:  but  the  equabiUty  of  acceleration  is  destroyed  l600  feet  the  resistance  was  111b, 

in  the  same  manner  by  the  resistance,  in  the  ascent  of  a  1065  fcei it  was    2-J  ;   » 

body  lighter  th»a  the  fluid,  as  it  is  destroyed  in  the  de-  but  by  the  theory  of  Newton,  before  laid  down,  the  for- 

scent  of  a  body  that  is  heavier.  roer  of  these  should  be  only  4|lb,  and  the  hitter  2  lb  :  so 

The  resistance  to  a  plane  surface  of  1  foot  square,  in  that,  in  the  former  case  tbe  real  resistance  is  more  tbsn 

passing  through  water  with  -variom  degrees  of  velocity,  double  of  that  given  by  the  theory,  being  increased  as  Jl  to 

is  as  below  :  2'J ;  and  in  the  leuer  velocity  the  increase  is  from  S  lo  2|, 

VeliMkin  pn  hom                          Raiitu)»  or  as  5  to  7  only. 

inmOn.                      in  ncinh^iMi  ponndi.  Mr.  Robins  also  invented  another  machine,  having  a 

1  •        -        -           401bs  whirling  or  circular  motion,  by  which  he  measured  the 
1 }       -         -        -          90  resistances  to  larger  bodies,  though  with  much  smaller  ve- 

2  -        -         -        160  locities :  it  is  described,  and  a  figure  of  it  given,  near  the 
24       -        -        -         250  end  of  thelBl  vol.  of  his  works,  and  in  the  3d  vol.  of  my 

3  -        -        -        360  Tracts.                 , 

Si      -        -        -         490  That  this  resisting  power  of  the  air  to  swift  motions  ts 

4  -         -        -         640  very  sensibly  increased  beyond  what  Newton's  theory  for 
fiic.  glow  motions  makes  it,  seems  hence  to  be  evident.     By 

For  tbe  circumstances  of  the  correspondent  velocity, ,  other  experiments  it  appears  that  the  resistfmce  m  very 
•pace,  and  time,  &c,  of  a  body  moving  in  a  fluid  in  which  smsibly  increased,  even  in  the  velocity  of  400  feet.  How- 
it  is  projected  with  a  given  velocity,  or  descending  by  its  ever,  this  increased  power  of  resistance  dirninishcs  as  the 
own  weight,  &c,  see  my  Tracts  and  Course,  as  before-  velocity  of  the  resisted  body  diminishes,  tjU  at  length. 
mentionS.  when  the  motion  is  sufficiently  abated,  the  actual  lesist- 

Hesistawcb  qf  rte  Air,  in  Pneumatics,  is  the  force  ance  coincides  with  that  supposed   in  the  theory  nearly, 

with  which  the  motion  of   bodies,  particularly  of  pro-  For  these  varying  resistance  Mr.  Robins  has  given  a  rule, 

jectiles,  is  retarded  bv  the  opposition  of  the  air  or  atmo-  though  not  correct, extending  to  1670  feet  velocity, 

sphere.     See  GuKSEiT.  Projbctilis.&c.  Mr.  Euler  has  shown,  that  the  common  doctnne  of  re- 

Tbe  air  being  a  fluid,  the  gmeral  laws  of  the  resistance  sistance  answen  pretty  well  when  tbe  motion  is  not  very 
of  fluids  obUin  in  it;  subj  feet  only  to  some  variations  and  swift,  but  in  swift  motions  it  give*  the  resistance  less  than 
irregularities  from  the  different  degrees  of  density  in  the  itoughtto  be,on  twoaccounts.  1.  Because  in  quick  mo- 
different  stations  or  regions  of  the  atmosphere.  tions,  the  air  does  not  fill  up  the  space  behind  the  body 

The  resistance  of  ihe  air  is  chiefly  of  use  id  miliUry  flat  enough  to  press  on  the  hinder  parts, to  counterbalMice 

projectiles,  in  ordet  to  allow  for  the  differences  caose.i  by  the  weight  of  the  atmosphere  on  the  fore  part.     2.  1  be 

it  in  their  flight  and  range.     Before  the  time  of  Mr.  Ro-  density  of  the  air  before  the  ball  being  increased  by  the 

bins,  it  was  thought  that  this  resistance  to  the  motion  of  quick  moUon,  will  press  more  strongly  on  the  fore  part, 

such  heavy  bodies  as  iron  balls  and  shells,  was  too  incon-  and  so  will  resist  more  than  lighter  air  in  its  natural  slate, 

siderable  to  be  regarded,  and  that  the  rules  and  conclu-  And  he  has  also  shown  that  Mr.  Robins  has  reslraiiwil  hts 

sioBs  derived  ftom  the  cdmmon  parabolic  theory,  were  '  rule  to  velocities  not  exceeding  1070  fret  per  second ; 

sufficiently  exact  for  the  common  practice  of  gunnery,  whereas  bad  he  extended  it  to  greater  velocities,  the  result 

But  that  gentleman  showed,  in  his  Kew  Principles  of  must  have  been  erroneous;  and  he  gives  another  formula 

Gunnery,  that,  so  far  from  being  inconsiderable,  it  is  in  himself,  and  deduces  conclusions  diff^cring  from  ihose^t 

Vealily  enormously  great,  and  by  no  means  to  be  rejected  Mr.  Robins.     See  his  Principles  of  Gunnery  investigated, 

without  incurring  the  grossest  errors;   so  much  so,  tliat  translated  by  BroWn  in  1777(  pa- 224  &c. 

balls  or  shells  which  range,  at  the  most,  in  the  air,  to  Mr.  Robins  having  proved  that,  m  very  great  changes 

the  distance  of  two  or  three  miles,  would  in  a  vacuum  of  velocity,  the  resistance  does  not  accurately  follow  tha 

range  to  20  or  30  miles,  or  more.     To  determine  th^  duplicate  ratio  of  the  velocity,  lays  down  two  positions, 

quantity  of  this  resistance,  in  the  case  of  diflerent  ve-  which  bethought  might  be  of  some  servicein  Ihepracuce 

locities,  Mr.  Robins  discharged  musket-balls,  with  various  of  artillery,  till  a  more  complete  and  accurate  theoi^  oi  > 

degrees  of  known  velocity,  againsthis  ballistic  pendulums,  resistance,  and  tbe  changes  of  its  augmentation,  could  be 

placedai«everBldiBerentdi8tances.andsodiscovered  byex-  obtained..   The  first  of  these  is,th^t  till  the  velocity  of  the 


periment the  quantilyofvelocity  lost,  when  pasangthrough  projectile  sorpass  1 100  or  1200  feet  in  a  second,  the  re- 

those  distances  or  spaces  of  air,  with  the  several  known  sisUnce  may  be  esteemed  to  be  in  the  duplicate  wtio  o^ 

degrees  of  celerity.     For  having  thus  known  the  velocity  the  velocity  :  1 

lost  or  destroyed,  in  passing  over  a  certain  space,  in  a  cer-     exceeds  1100  o.  ..,™ — ,  .        ijj  l„ 

idn  time,  (wWch  time  Is  very  nearly  equal  to  the  quotient  the  resisUnce  will  be  near  3  times  as  great  as  it  would  be 

of  the  space  divided  by  the  medium  velocity  between  the-  by  a  comparison  with  tbe  smaller  velocities.     Uo  these 

greatest  and  least,  or  between  the  velocity  at  the  t»outh  of  principles  he  proceeds  in  approximating  to  the  actual 

the  gun  and  that  at  the  pendulum  ;)  that  is,  knowing  the  ranges  off  ieces  with  small  angles  of  elevation,  vie,  sucli 

velocity  »,  the  space  *,  and  time  (,  the  resisting  forte  is  as  do  not  exceed  8°  or  jo",  wbichhe  sets  dowinnaiaW8> 


those  distances  or  spaces  of  air,  with  the  several  knowi)  sisUnce  may  oe  esieemeu  10  oe  ■»  mc  uujji.^bv^  ,y.- -. 
degrees  of  celerity.  For  havmg  thus  known  the  velocity  the  velocity  :  and  the  second  is,  that  when  tiie  velocity 
I«t  or  destroyed,  in  passinn  over  a  certain  space,  in  a  cer-     exceeds  UOOor  1200  feet,  then  the  absolute  quantity  o^ 

at  as  It  would  be 
:ities.  On  these 
ig  to  the  actual 
vation,  VIE,  such 
idOffninaUtble> 

KjOOgle 


compared  with  their  coneiponding  ptttenlnl  ranges.  See  '  In  (hii  table  are  coouincd  the  reiistances  to  sex-erat 
bis  Mathematical  Tracts,  vol.  1,  pa.  179  &c.  But  neihall  forms  of  bodies,  when  moved  with  various  degrees  of  velo- 
>M  presently  lliat  tbesc  posiiiuns  are  both  without  founila-     city,  from  3  feet  per  second  to  20.     The  names  of  tlie  bo- 


tion  ;  that  there  is  no  such  thing  as  a  sudden  or  abrupt 
change  in  the  taw  of  resistance,  from  the  sqiiarc  of  the  ve- 
locity to  one  that  gives  a  <(uanlity  three  times  as  much  ; 
but  that  the  change  is  siuw  and  gradual,  from  the  lowest 
to  the  highest  velocities  ;  and  that  the  increased  real  re- 
sistance no  where  rises  miicb  higher  than  double  of  that 

which  Newton's  theorygives  it.  .         .       -, 

Mr.GIenie,  in  his  History  of  Gunnery,  1776,  pa.  49,     meter,  its  resistance  *028  or  when  the  flat  side 

ohserves.in  consequence  of  some  expeiimenis  with  a  rifled     most;  in  the  3d  and  4th  columns  the  resistances 


the  tops  of  the  columns,  as-also  which  end  went 
foremost  through  the  air ;  the  different  velocities  are  in  the 
first  column,  and  the  resistances  on  the  same  line,  in  thejr 
several  columns,  in  avoirdupois  ouncesand  decimal  parts. 
So  on  the  first  line  are  contained  the  resistances  when  the 
bodies  move  with  a  velocity  of  3  feet  in  a  second,  viz,  in 
the  2d  column  for  the  small  hemisphere,  of  4j  inches  dia- 
fore- 
larger 


piece,  properly  fitted  for  experimental  purposes,  that  the  hemisphere,  first  with  the  fiat  side,  and  nent  the  round 

resbtance  of  the  air  to  a  velocity  somewhat  less  than  that  side  foremost,  the  diameter  of  this,  as  well  as  all  the  fol- 

mentioned  in  the  first  of  the  above  propositions,  is  const-  lowing  figures  being  6i  inches,  and  therefore  the  area  of 

derably  greater  than  in  the  duplicate  ratio  of  the  velocity ;  the  great  circle  s  33  iq.  inches,  or  ^ofasq.  foot;  then 

and  that,  to  a  celerity  somewhat  greater  than  that  stated  in  the  5th  and  6th  columns  are  the  resistances  to  a  cone, 

in  the  second,  the  resistance  is  considerably  less  than  that  first  its  vertex  and  then  its  base  foremost,  the  altitude  of 

which  is  treble  the  resistance  in  the  said  ratio.     Some  of  the  cone  being  6  j-  iitches,  being  only  f  inch  more  than  the 

Bobins's  own  experiments  seent  necessarily  to  make  it  so  ;  diameter  of  its  base ;  in  the  7[b  column  the  resistance  to 

since,  to  a  velocity  no  quicker  than  400  feet  in  a  second,  the  end  of  the  cylinder,  and  in  the  8th  that  against  the 

he  found  the  resistance  to  be  somewhat  greater  than  in  that  whole  globe  or  sphere.     All  the  numbers  show  the  real 

ratio.     But  the  true  value  of  the  ratio,  and  other  circum-  weights  which  are  equal  to  the  resistances;  and  at  the 

stance^  of  this  resistance,  will  more  fuUyappear  from  what  bottoms  of  the  columns  are  placed  proportional  numbers, 

follows.  which  show  the  mean  proportions  of  the  resisUnces  of  all 

The  subject  of  the  resistance  of  the  air,  as  b^uii  by  the  figures  to  one  another,  with  any  velocity.    lastly,  in 

Aobins,  has  been  prosecuted  by  myself,  to  a  very  great  the  filh  column  are  placed  the  exponents  of  the  power  of 

extent  and  variety,  both  with  the  whirling  machine,  and  the  velocity  which  the  resistances  in  the  8th  column  bear 

with  cannon  balls  of  all  sices,  from  1  lb  .to  61b  weight,  as  to  each  other,  viz,  which  that  of  the  10  feet  velocity  bears 

well  as  with  figures  of  many  other  different  shapes;  both  to  each  of  ibe  following  ones,  the  medium  of  all  of  them 

on  the  fore  part  and  hind  partof  them,  and  with  planes  set  being  as  the  2*04  power  of  the  velocity,  that  fs,  very  little 

at  all  varieties  of  angles  of  inclination  to  the  path  or  mo-  above  the  square  or  second  power  of  the  velocity,  so  far  as 

tiou  of  the  same  ;  from  all  which  I  haveoblaincd  the  real  '  the  velocities  in  this  table  extend. — I^om  this  table  the 

resistance  to  bodies  for  all  velocities,  from   1  up  lo  3000  following  inferences  are  easily  deduced, 

feet  per  second  :  together  with  the  law  of  the  resistance  to  1.  That  the  resistance  is  nearly  in  the  same  proporiiott 

the  same  body  for  all  different  velocilic:!,  and  for  different  as  the  surfaces  ;  a  sinall  increase  only  taking  place  in  the 

sizes  with  the  same  velocity,  and  also  for  all  angles  of  in-  greater  surfaces,  and  for  the  greater  velocities.     Thus,  by 

clinalion ;  a  ifxW  account  of  whichJs  given  in  the  2d  and  comparing  together  the  numbers  in  the  2d  and  3d  CO- 

3d  vols,  of  my  Tracts.     Some  of  the  tables  and  rules  are  lumns,  for  the  bases  of  the  two  hemispheres,  the  areas  of 


abstracted  as  beloi 

Table  I .    - RaUlancei qf  aeveral diffeieni  Bodies. 
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ot 
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■oso 

■064 
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■07» 
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■0<M 

■U71 
■098 

■MS 
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■14( 

■133 
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■ass 
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■199 
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■47s 

■5S7 

■173 
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■345 
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■347 

■376 

■370 

■Ml 
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■4J9 
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1-346 

•979 
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■634 

■673 
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■663 

■»SB 

i;s7 

■713 
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■711 

3038 

■9S9 
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l-9«fi 

3  0,4 

i-ora 
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a.047 

1-196 
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1-0S7 

MJiir 

pop,r. 

3S8 
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■T 

* 

6 

7 

8 
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which  bases  are  in  the  proportion  of  17|  to  33,  < 
very  nearly,  it  appears  that  the  numbers  in  those  two  co- 
lumns, expressing  the  resistances,  are  nearly  as  1  to  3  or 
a  to  10,  as  fer  as' the  velocity  of  12  feet;  but  after  that, 
the  resistances  on  the  greater  surface  increase  gradually 
more  and  more  above  tEiat  proportion. 
'  2.  The  resistance  ta  the  same  surfiice,  with  different  ve- 
locities, is,  in  these  slow  motions,  nearly  as  the  square  of 
the  velocity;  but  gradually  increases  more  and  more 
above  that  proportion  as  the  velocity  increases.  This  is 
manifest  from  all  the  columns :  and  the  indent  of  the  power 
of  the  velocity  is  set  down  in  the  9th  column,  for  the  re- 
bistances  in  the  8tb,  the  medium  being  S-04  ;  by  which  it 
appears  that  the  resistance  to  the  same  body  is,  in  these 
slow  motions,  as  the  2-04  power  of  the  veloeity,  ornearly 
OS  the  square  of  it. 

3.  The  round  ends,  ind  sharp  ends,  of  solids,  suffer  less 
resistance  than  the  flat  or  plane  ends,  of  the  same  diame- 
ter ;  but  the  sharper  end  has  not  always  the  less  resistance! 
Thus,  the  cylinder,  and  the  flat  ends  of  the  hemisphere 
and  cone,  have  more  resislance,  than  the  round  or  sharp 
ends  of  the  same;  but  the  round  side  of  the  hemi- 
sphere has  less  resistance  than  the  sbarpec  end  of  the 
cone, 

4.  The  resistance  on  the  base  of  the  hemisphere,  is  to 
that  on  the  round,  or  whole  sphere,  as  2^  lo  1,  instead  of 


,  Google 


9  to  1,  H  the  theory  givei  thMt  relfttioo.    Alio  the  expe-  whick  ii  praporttontl  to  the  cxperiuented  TMuUncei 

Kimented  reiiKlancf,  on  eurh  of  thcw,  it  nearly  i  mone  which  are  found  by  coniparing  the  rcfiBtance  of  20  feet 

than  the  quantity  aisigned  by  (h«  theory.  velocity  with  each  of  tite  follDwing  one*. 

5.  The  resistance  on  the  base  of  the  cone,  is  to  that  on  From  the  2d,  3il  and  4th  column*  it  appears,  that  at 
the  sertex.  nearly  as  2-^  to  1 ;  and  almoM  in  the  same  the  beginning  of  the  motioa,  the  en  peri  men  ted  rptistance 
ratio  it  radius  lo  the  sino  of  the  an^e'of  inclination  of  tlie  is  nearly  equal  to  that  computed  by  th^ury  ;  but  that,  at 
■ide  of  the  cone  to  its  path  or  tu^n.  bo  that,  in  this  in-  the  velocity  increases,  the  experimpntid  resistance  gra- 
tlance,  the  rcsistanCG  is  directly  as  the  sine  of  the  angle  dually  exceeds  the  other  more  and  more,  till  at  the  vel^ 
of  incidence,  fhe  transverse  section  being  the  same.  city  of  1300  feet  the  former  becomes  double  the  Utler  ; 

6.  When  the  binder  parts  uf  bodies  are  of  diSerent  after  which,  the  difference  increases  a  little  farther,  till  at 
foims,  the  resistances  are  different,  though  the  fore-parts  the  velocity  of  ISOO  or  1700,  where  that  excess  is  the 
be  exactly  ali)ie  and  equal  t  owing  probably  lo  the  differ-  greatest,  and  ii  rather  Icsa  than  S^ ;  and  after  tliis,  the 
cot  pressures  of  the  air  on  the  hinder  parts.  Thus,  there-  difference  decreases  gradually  as  the  velocity  increases, 
■iitaoce  to  the  fore  part  of  the  cylinder,  is  less  than  on  the  and  at  the  velocity  of  3000,  the  former  resistance  again 
equal  flat  surCue  of  the  cone,  or  of  the  hemisphere  i  be-  becomes  just  dovble  the  latter. 

cause  the  hinder  pait  of  the  cylinder  n  more  pressed  or         From  the  last  column  it  appears  that,  near  ihe  begitvr 

pushed,  by  the  followinfc  air  than  those  of  the  other  two  niiig,  or  in  slow  motions,  the  resistances  are  nearly  as  the 

figures;  also.  For  the  same  ivasou,  the  base  of  the  heini-  square  of  the  velocities  ;  but  that  the  ratio  gradually  in* 

aphere  suffers  a  less  resistance  than  Aat  of  the  cone,  and  creases,  with  some-small  variation,  till  at  the  velocity  of 

the  round  side  of  tbe  bemispbere  leas  than  the  whole  1500  or  l6O0  feet  it  become*  as  the  2^  power  of  the  ««• 


•pher 

See  other  deductions  in  my  Tracts,  vol.  3,  pa.  193  &c. 
.TaBLS  II.     JZesitlaMeei  holh  iy  ExperimetU  and  Theory,  to 
a  Oiobe  of  1-965  India  Diameter. 
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45 
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72 
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71 

1-51 
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96 
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900 

271, 

159 

170 

2-077 

1000 

350 

196 

.  1-78 

2-086 

1100 

442 

238 

1-86  - 

2-095 

1900 

546 

283 

190 

.3-102 

1300 

661 

332 

1*99 

2-107 

J400 

785 

385 

2:04 

2-111 

1500 

916 

442 

2'07 

2-113X 

1600 

t051 

503 

209 

2-113 

1700 

L186 

568 

208 

2-111 

1800 

1319 

636 

207 

2-108 

1900 

144? 

709 

2-04 

2104 

SOOO 

1569 

766 

200 

2-098 

locity  uearly,  which  is  its  highest  ascent  i  aud  alter  that 
it  gradually  decreases  again,  as  the  velocity  goes  higher. 
And  similar  conclusions  have  also  been  derived  from  ex< 
perimentt  with  larger  bells  ^r  globes. 

And  hence  we  perceive  that  Mr.  Robins's  positions  are 
erroneous  on  two  accounts,  vis,  buth  in  stating  that  the 
resistance  changes  suddenly,  or  all  at  once,  from  being  as 
the  square  of  the  vdocity,  so  as  then  to  become  as  soma 
higher  and  constant  power ;  and  also  when  he  states  die 
resistance  as  rising  to  the  height  of  three  times  that  which 
is  gwen  by  the  theory:  since  the  ratio  of  the  reeistttnce 
both  increases  gradually  from  the  beginning,  and  yet  never 
ascends  higher  than  S^g^  of  the  theory. 
Table  UL  Retitiancg  to  a  Plane,  tet  at  varioiu  Anglei 
0/ IncHnation  lo  ill  Palk. 


In  the  firet  coli  mn  of  this  table  are  contained  tbe  se- 
veral velocities,  from  0  up  to  the  great  velocity  of  2000 
feet  per  second,  with  which  the  ball  or  globe. moved. 
In  the  2d  column  are  tbe  experimented  resistances,  in 
avoirdupois  ounces.  In  the  3d  column  arc  the  correspon- 
dent resistances,  as  computed  by  the  foregoing  theory. 
In  the  4th  column  are  the  ratios  of  these  two  resistances, 
or  the 
InUteddi 


Angle -itbtbo 
PMh. 

B>f>eri<».  Be- 

lUin.bj(bli 

Formub. 

Sine,  of  the  An- 
ew to  Ruliui 

rn. 

■B4.'** 

-9(0. 

0" 

-000 

■000 

-000 

5 

-015 

■009 

-073 

10 

-044 

-033 

-146 

15 

■6S2 

-078 

-217 

SO 

■133 

-•131 

-287 

25 

-800 

•199 

■355 

30 

•278 

-278 

■420 

35 

■362 

•363 

-482 

♦0 

■448 

-450 

-540 

45 

•554 

-535 

■594 

50 

.     -6!  9 

■613 

■643 

55 

■684 

•680 

•688 

60 

■729 

■736 

-727 

65 

-770 

-778 

■761 

70 

-803 

■808 

-789 

75  ■ 

■823 

■8S6 

•811 

80 

•835 

-836 

•837 

85 

-839 

■889 

•838 

90 

-840 

-840 

•840 

In  the  second  column  of  thia 
ictuai  experimented  resistances. 


table  are  contained  the 
in  ouncfs,  lo  a  plane  of 
}  of  a  square  foot,  moved  through 
ty  of  exactly  12  feet  per  second,  when 
make,  with  the  direction  of  ill 


quotients  of  tbe  former  divided  by  the  latter.    And     path,  the  corresponding  angles  in  the  lirst  column. 
»di  01  last,  theindexes  of  tbe  power  of  the  velocity        And  from  these  has  been  deduced  this  formula, 
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tbeoretn,  vii,  •84a,  which  bring)  out  Tcry  nearly  the 
tame  numtM-rs,  ami  U  a  general  theorem  for  every  angle,  for 
the  same  plane  of  -}  of  a  foot,  and  moved  with  the  same 
velocity  of  12  feet  in  a  Mcond  of  time;  where  *  is  ihe  sine, 
and  c  the  cosine  of  the  angle&uf  inclination  in  the  first 
column. 

If  a  theorem  be  desired  for  any  other  velocity  t>, 
and  any  other  plane  whose  area  is  a,  it  will  be  this: 

■f^afl*         ,  or  more  nearly  ^jBo      <  ;  which  de- 

notes ihe  resistance  nearly  tu  any  plane  Kurlace  whose 
area  is  a,  moved  through  the  air  with  the  velocity  e,  in  a 
direction  making  with  that  plane  an  angle,  whose  sine  is 
(,  and  cosine  c. 

If  it  be  water  or  any  other  fluid,  different  from  air,  this 
Ibrmuk  will  be  varied  in  prc^rtion  to  the  dmisi^ty. 

By  this  theorem  were  computed  the  numbers  in  the  3d 
column  1  which  it  is  evident  agree  very  nearly  with  the 
experiment  reuMances  in  Ibe  2d  column,  excepting  in  two 
or  three  of  the  sroal)  numbers  near  the  beginning,  which 
are  of  the  least  consequence.     In  alt 


as  Facio,  Bernoulli,  Hospital,  &c.  See  MacUnris's  Flux, 
sect.  6q6  and  GOT  ;  also  Horslcy's  edit,  of  Newton,  vol. 
2,  pa.  390.  SeeaUoAct.Erud.  1699,  pa.  314:  and  Mem. 
de  rAcad.  ttc ;  also  Kobins's  View  of  Newton's  method 
for  comparing  the  Resistance  of  Solids,  8vo,  1734  ;  and 
Simpson's  Fluxions,  art.  413;  ot  ray  Principles  of  Bridges, 
in  ray  Tracts,  prop.  15. 

M.  Bouguer  haa  resolved  this  problem  in  a  veiy  general . 
manner;  and  not  in  supposing  the  solid  to  be  formed  by  the 
revolutions  of  any  figure  whatever.  The  problem,  as  enun- 
ciated and  resolved  by  M.  Bouguer,  is  this :  any  base  be- 
itig  given,  to  find  what  kind  of  solid  must  be  formad  upuft 
it,  so  that  the  impulse  upon  it  may  be  the  least  possible. 
Properly  however  it  ought  to  be  the  re  tardive  force,  or 
the  impulse  divided  by  the  weight  or  mass  of'matter  in 
the  body,  that  ought  to  be  the  minimum. 

RESOLUTION,  in  Physics,  the  reduction  of  a  body 
into  its  original  or  natural  state,  by  a  dissolution  or  lepft- 
raiion  of  its  aggregated  part^.  Thus,  snow  and  ice  ara 
said  to  be  resolved  into  water ;  water  resolves  in  vapour 
by  heat ;  and  vapour  is  again  resolved  into  water  by  cold  ; 


ihcotflm  gives  the  true  resistance  very  nearly.  Id  the4tli  also  any  compound  is  resolved  into  its  ingredients,  &c. — 
or  last  column  are  entered  the  sines  of  the  angles  of  the  Some  of  tbe  modern  pbilosophera,  particularly  BoylCr 
first  column,  to  tbe  radius  '84,  invrdcr  to  compare  them  Mariotte,  Boerhaave,  &c,  maintain,  that  the  natural  state 
with  the  resistances  in  the  other  columns.  Whence  it  of  water  is  to  be  congealed,  or  in  ice;  inasmuch  as  a  cer- 
appearsi  that  those  resistances  are  not  always  proportional  tain  degree  of  heat,  which  is  a  foreign  and  violent  agent, 
to  the  sines  of  the  angles,  nor  yet  to  the  squares  of  the  is  required  to  make  it  fluid  :  so  that  near  the  pole,  where 
sines,  nor  to  any  other  power  of  them  whatever.  In  tbe  this  foreign  agent  is  wanting,  it  constantly  retains  its  fixed 
beginning  of  the  columns,  the  sines  much  exceed  the  re-     or  icy  state. 

sisiances  all  the  way  till  the  angle  be  between  55  and  fio  Resolution,  or  Soldtioh,  in  Mathematics,  is  ai> 
degrees  ;  after  which  the  sines  are  less  than  the  resistances  orderly  enumeration  of  seveml  things  to  be  done,  to  ob- 
all  tbe  way  to  tbe  end,  at  till  the  angle  became  of  9d  de-  tain  what  is  required  in  a  problem. — Wolfius  makes  a, 
grees .  ^  problem  to  consist  of  three  parts  :    the  proposition  (or 

Mr.  James  Bernoulli  gave  some  theorems  fur  tbe  re-     what  is  properly  called  the  problem),  the  resolution,  and 
sistances  of  different  figures,  in  the  Acta  Erud.  Lips,  for     the  demonstration.  As  soon  as  a  problem  is  demonstratedr 
.  June  1693,  pa.  352  &c.     But  as  these  are  deduced  from     it  is  converted  into  a  theorem  ;  of  which   tbe  resolution 
theory  only,  which  wo  ind  to  be  so  different  from  expe-     is  the  hypothesis ; ,  and  the  proposition  the  thesis.     For 
■       '  '  *.     ■  r.  .  the  process  of  a  mathematical  resolution,  see  the  follow- 

ing^srticle. 

HESOLUTios  in  Algebra,  or  Algebraical  Resdliition,. 
'»  of  two  kinds ;  the  one  practised  in  numerical  problems, 
he  other  in  geometrical  ones. 

Jit  ReaoMttg  a  Numerical  Problem  Algebraicalh/,  the  me- 
thod is  this.  1st,  the  given  quantities  are  distinguished 
from  those  that  are  sought;  and  the  former  denoted  by 
the  initial  letters  of  the  alphabet,  but  the  latter  by  the  last 
letters. — 2d,  Then  as  many  equations  are  formed  as  there 
are  unknown  quantities.  If  that  cannot  be  done  from 
the  proposition  or  data,  the  problem  is  indeterntinatej 
and  certain  arbitrary  assumptions  must  be  made,  to  sup 
ply  the  defect,  and  which  can  satisfy  the  question.  When 
tbe  equations  arc  not  contained  in  the  problem  ilself^ 
they  are  to  be  found  by  particular  theorems  concerning 
equations,  ratios,  proportions,  fcc. — Since,  in  an  equation, 
The  figure  is  this;  Suppose  dmo  to  be  a  curve  of  such  the  known  and  unknown  quantities  arc  mixed  together, 
a  nature,  that  if  from  any  point  h  the  ordinate  nu  be,  they  must  be  separated'  in  such  a  manner,  ,that  the  un- 
drawn perpendicular  to  the  axis  a  s  ;  and  from  a  given  knortn  one  remain  alone  on  one  side,  and  the  known  ones 
point  o  there  be  drawn  oa  parallel  to  a  tangent  at  k,  and  on  the  other.  This  reduction,  or  separation,  is  made,  by 
meeting  the  axis  produced  in  r;  then  if  mn  be  to  sk,  aa  addition,  subtraction,  multiplication,. division,  extraction 
oa'  to  4br  k  bo*,  a  solid  described  by  the  revolution  of  of  roots,  and  raiting'of  powers;  resolving  every  kind  of 
this  figure  about  its  axis  as,  moving  in  a  medibm  from  a  combinelion  ol  tbe  quantities,  by  their  counter  or  re- 
towards  b,  is  less  resisted  than  any  other  circular  solid  of  verse  ones,  and  performing  tbe  same  operation  on  alt  tbe 
the  same  base,  &c.  quabtities  or  terms,  on  both  sides  of  the  equation,  that 

This  theorem,  which  Newton  gave  without  a  demon-     the  equality  may  still  be  preserved. 
•tTatioD,faa*beeD(leiaoBBtmt«<lby>eTentlfDatheiiiatkiaii>r        To  Memvc  a  GeomOrKol  Pn^km  Jl^raiealli/. — ^Tb« 


riment,  they  cannot  be  of  mucb  use.     Messieurs  Euler, 
Salembert,  Gravesande,  and  Simpson,  have  also  Written 

Eretty  largely  on  the  theory  of  resistances,  betides  what 
ad  been  done  by  Newton.  Also  Mr.  Vince,  in  the  Philos. 
Trans,  ao.  I795,  pa.24,. 

Solid  !{/' I^ost  Resistakcb.     Sir  Isaaa  Newton,  from 
his  general  theory  of  resistance,  deduces  the  figuK 
solid  which  shall  have  the  least  resistance,  of  the  sime 
base,  height,  and  contents 
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same  luod  of  operations  arc  t6  be  perrormed,  as  it 
former  article ;  beiides  several  others,  ihat  depeDd  o 
nature  of  the  diagram,  and  geometrical  propemca.  As. 
1  St,  the  thing  required  or  proposed,  taust  be  supposed  done, 
the  diagran  being  dravn  or  consitrucied  in  ail  iis  parts, 
both  Icnown  and  unl^nown.  2.  We  must  then  examine  the 
genmelricsl  relations  which  the  Jines  of  the  figure  have, 
'  among  themselves,  without  regarding  whether  they  are 
known  or  unknown,  to  find  what  equations  arise  from 
those  relations,  for  finding  the  unknown  quantities:  3.  It 
is  often  uecetsary  to  form  similar  triangles  and  rcctangli 


the    body  be  likewise  relatively  moved  in  the  ship,  its  ml  ino< 
the     tion  will  arise  partly  from  the  real  motion  of  the  earth  in 
As.    immoveable  space,  and  partly  from  the  relative  motion  of 
the  ship  on  the  sea,  and  of  the  body  in  the  ship. 

It  is  an  axiom  in  philosophy,  that  matter  is  indifTcrent 
as  to  rest  or  motion.  Hence  Newton  lays  it  down,  as  a. 
law  of  nature,  that  every  body  perseveres  in  its  sUte,  either 
of  rest  or  uniform  motion,  except  so  far  as  it  is  disturbed 
by  external  causes. — The  Cartesians  assert,  that  firnioesb, 
hardness,  or  solidity  of  bodies,  consists  in  this,  that  their 
parts  are  at  rest  with  r^ard  to  each  other  j  and  this  rest  . 


somet'imes  by  producing  of  lines,  or  drawing  parallels  and  tbey  establish  as  the  great  nexus,  or  principle  of  cohesion, 

perpendiculars,  and  forming  equal  angles,  &c  ;  till  equa-  by  which  the  parts  are  connected  together.    On  the  other 

tionscan  be  formed,  from  them,  including  both  tbe  known  hand,  they  make  fluidity  to  consist  in  a  perpetual  motion 

and  unknown  quantities.  of  the  parts,  &c.    But  the  Newtonian  philosophy  furnishes 

If  we  do  not  thus  arrive  at  proper  equations,  the  thing  us  witb  much  better  solutions. — Maupertuis  asserts,  that 

is  to  be  tried  in  some  uther  way.     And  sometimes  ike  when  bodies  are  in  equilibrio,  and  any  small  motion  is 

thing  itself,  that  is  required,  is  not  to  be  sought  directly,  impressed  on  them,  the  quantity  of  action  resulting  wilt 

but  some  other  thing,  bearing  certain  relations  to  it,  by  .be  the  least  possible.     This  he  calUtbeJaw  of  rest;  and 

meaiu  of  which  it  may  be  found.  from  this  law  he  deduces  the  fundamental  proposition  of 

The  final  equation  being  at  last  arrived  at,  the  geome-  statics.     See  Berlin  Mem.  torn.  3,  pa.294-     Aad  from  ibe 

trical  construction  is  to  be  deduced  frorapl,  which  is  per-  same  principle  too  he  deduces  the  laws  of  percussion, 

formed  io  various  ways  according  tu  the  different  kinds  of  RESTITUTION,  in  Physics,  the  returning  of  elastic 

equations.     SeeAMALTSis.  bodies,  forcibly  bent,  to  their  natural  sUte;    by  some 

Rksolotiok  <tfForcei,  or  of  Motion,  is  the  resolving  called  the  Motion  of  Restitution, 

or  dividing  of  any  oneforcc  or  mulion,  into  sevenil  RETARDATION,  in  Physics,  the  aCt  of  retarding, 

others,  in  other  directions,  but  which,   taken  together,  that  is,  of  delaying  the  motion  or  progress  of  a  body,  or 

■hall  have  the  Mme  cSect  as  the  single  one ;  and  it  is  of  diminishing  its  velocity. — The  retardation  of  moving 

the  reverse  of  tbe  composition  of  forces  -or  motions.     See  bodie*  arises  from  two  great  causes,  the  resistance  of  tbe 

medium,  and  tbe  force  of  gravity. 


these  articles. 

.  Any  single  direct  force  ad,  may  be 
resolved  into  two  oblique  forces,  whose 
quantities  and  directions  are  ab,  ac, 
having  thesameeffect,bydescribingany 
parallelogram  abdc,  whose  diagonal 
IS  AD.  And  each  of  these  may,  in  like 
manner,  be  resolved  into  two  others ;      ^  •  " 

and  so  on,  as  far  as  we  please.    And  all  these  new  forces, 

"pund,  when  acting  together,  will  produce    different  retards ti 


RETA&DATiON>ri>m  the  Btn^ance  is  often  confounded 

ith  the  resistance  itself;  because,  with  respect  to  tbe  same 

oving  body,  they  are  in  the  same  proportion. 

But  witb  respect  to  difierent  bodies,  the  same  resistance 

often  generates  different  retardations.     For  if  bodies  of 

equal  bulk,  but  different  densities,  be  moved  through  the 

same  fluid  with  equal  velocity,  the  fluid  will  act  equally 

on  each;  so  that  they  will  have  equal  resistances,  but 

'    '       ;  and  the  retardations  will  be  to 'each 

exactly  the  same  effect  as  the  single  original  one.    See  also    other,  as  the  velocities  which  might  be  generated  by  tbe 

CoLLtsiOM,  PERCUBstON,  MOTION,  CoM FosiTiov,  Pa-    Same  forces  in  the  bodies  proposed  ;  that  is,  they  are  in- 


BALLBLOORAM  and  POLYGOK  eif  Fbrcti, 

R£S1',  in  Physics,  the  continuance  of  a  body  in  the 
same  place;  or  its  continual  application  or  contiguity  to 
the  same  parts  of  the  ambient  and  contiguous  bodies. — 
See  Space. 

Rest  is  either  Absolute  or  Relative,  as  place  is. 

Some  define  Rest  to  be  the  state  of  a  thing  without  mo>- 
tion  ;  and  hence  again  rest  becomes  either  absolute  or  te~ 
lative,  as  motion  is. 

Newton  defines  true  or  absolute  rest  to  be  the  continu- 
c  of  a  bddy  in  the  same  part  of  absolute  and  i 


verscly  as  the  quantities  of  matter  in  the  bodiei 
versely  as  the  densities. 

Suppose  then  bodies  of^  equal  density,  but  of  unequal 
bulk,  to  move  eqqally  fast  through  the  same  fiuid  ;  then 
their  resistances  increase  according  to  their  superficies, 
that  is  as  the  squares  of  their  diameters;  but  the  quanli- 
tics  of  matter  are  increased  according  to  their  mass  or  mag- 
nitude, that  is  ti  the  cubes  of  their  diameters:  the  resist- 
ances are  the  quantities  of  motion  ;  the  retardations  aro 
the  celerities  arising  from  them ;  and  dividing  the  quanti- 
ties ofmotion  by  the  quantities  of  matter,  we  shall  have 
be  the  continuance  of  a     the  celerities  ;  therefore  the  retardations  are  directly  as 


able  space  ;  and  relative 

body  in  the  same  piirt  of  relative  space.  Thus,  in  a  ship 
under  sail,  relative  rest  is  the  continuance  of  a  body  in 
the  same  part  of  the  ship.  But  true  or  absolute  rest  is 
its  continuance  in  the  same  part  of  universal  space  iiv 
which  the  ship  iisclf  is  contained. 

Hence,  if  tbe  earth  w*re  really  and  absolutely  at  rest, 

the  body  relatively  at  rest  in  the  ship  wo 

absolutely  move,  and  that  with  the  same 

ship  itself.    But  as  the  earth  also  moves,  there  arises  a-real .  the  velocities. 

and  absolute  motion  of  the  body  at  rest ;  partly  from  the         So  that,  if  *  denote  the  superficies  of  a  body,  »  its 

real  motion  of  the  earth  in  alisolnte  space,  and  partly  from     weight,  d  its  diameter,  v  the  velocity,  and  n  the  density 

the  relative  motion  of  the  sbip  on  ihc  sea.    Lastly,  if  Che    of  the  fluid  medium,  and  K  that  of  the  body ;  then,  io 


squares  of  the  diameters,  and  inversely  as.  the  cubes 
of  the  diameter),  that  is  inversely  as  the  diameters  them-'^ 
selves. 

If  the  bodies  be  of  equal  magnitude  and  density,  and  - 

moved  through  different  Buids,  with  equal  celerity, -their 

retardations  are  as  the-  densities  of  the  fluids.     And  when 

Lid  really  and     equal   bodies  are  carried  through   tbe  same  fluid  with 

loci ty  as  tbe    dilferent  velocities,  the  retardations  are  as  the  squares  of 
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la  ndV,  >nJ  th*  portion  t»  the  lUstaoce  betwMn   t£e  two  glswM  it  in^ 

.,,,  ..■*■_       .■«■ *''''  _  ""'  creased,  as  &r  u  to  ft  certain  limit.    If  therefbre  ft  ntimlo 

reUrdation,  or  retarding  foree,  M-^  oral -^  *,^.  ^  taken  of  .uch  .  magnitude,  a.  jostto  comprehendAft 

Tie  RET^RDATlowyiwft  Grawft  il  peculiar  to  bodiei  gre»t*»t  diameter  the  aun  or  moon  can  ever  bav«  ia  the 

projected  upward*.     For  a  body  thrown  upwards  it  re.  common  focus  of  two  object-glaMe*  applied  to  each  other, 

tardedafter  theMinemanneraiftfkllingbodyiiBccelarUcd;  there  needs  nothing  but  to  remove  them  from  each  other, 

only  in  the  onecawlbeforceof  gravity  coiMpires  with  the  a»  the  body  comes  lo  have  a  leu  diameter,  to  hftve  tha 


taotion  acquired,  and  in  the  other  it  a£t«  co^itrary  to  it. 

Ai  the  force  of  gravity  i«  uniform,  the  retardaiioa  from 
that  cauie  will  be  «^ual  in  equal  timoa.  And  bcDce,  oa 
it  is  the  same  force  which  generate*  inotioa  in  the  falling 
body,  and  diminiahea  it  in  tbe  riaiag  oat,  a  body  risea  till 
it  lose  all  its  motion  ;  which  it  dott  in  the  aome  time  in 
which  a  body  falling  would  have  scquired  a  velocity  equal 
to  that  with  which  the  body  wot  tbrown  up. 

Ai»o,  a  body  thrown  up  will  rt*e  to  the  same  height 
from  which,  in  ifliiag,  it  would  acquire  the  tame  velocity 
wth  which  it  was  thrown  up :  therefooe  the  height*  which 


image  still  exactly  comprehended  'hi  the  same  reticule. 

Further,  at  the  silken  threads  are  subject  to  iwerre 
from  the  parallelism,  &c,  by  the  different  temperature  of 
the  air,  another  improvement  ie,  to  make  the  reticule  of 
a  thin 'looking-glass,  by  drawing  lines  or  circles  upcai  iC 
with  the  fine  point  of  a  diamond.     See  MicaouBTKK. 

RETIRED  Flauk,  in  Fortiacation.     See  Fi^kk. 

RETROCESSION  qf  data,  tfe.     Sw  RxxaoeKA- 

D4T10ir. 

Retkocessiof  i^  lie  E^imhw.     See  P&BcxaBiov. 
RETROGRADATION.orRzTEOOKxsBiOir,  inAatro- 


bodies  can  rise  to,  when  thrown  up  with  different  viOoci-  nomy,  is  an  apparent  motion  of  the  {Janeli,  by  which 

ties,  are'to  each  other  as  the  iquftres  of  the  velocitiea.  they  seem  t*  so  backwards  in  the  ecJiptic,  and  to  move 

Hence,  tbe  retardations  of  motioas  »ay  be  compared  contrary  to  the  order  or  suasesiiion  of  the  sigoi, 

together.     For  they  are,  first,  as  the  tquarea  pf  the  v«lo-  When  a  planet  movat  19  conaequentia,  or  according  to 

cities ;  Sdly,  as  tbe  densities  of  the  fluids  through  which  the  order  of  the  signs,  as  &oni  Anes  to  TaDma,  from 

the  bodies  are  moved  ;  Sdly,  inversely  as  the  diameters  Taurus  to  Gemini,  &x,  ^bich  itfrom  west  to  east,  it  is 

of   those  bodies ;    4thly,  invetaely    as   the   densities  of  (aid  to  be  Diiea.— Wiico  it  api>ews  for  aome  days  in  the 

the  bodies  themselves ;  as  expressed  by  the  theorem  above,  >&nie  place,  or  point  of  the  heawu,  it  is  said  to  be  Sta- 

M^  tionary. — And  when  it  goeain  antecedwtia,  or  backwanjs 

^^  Nd '  to  the  foregoing  »)^>s,  qt  contrary  to  the  order  of  the  signs, 

3le  Z^uis  ({^Reta&datioii,  aj«  the  very  same  a*  thoaa  which  is  from  east  to  ^tfil,  it  jw  said  to  be  Retn^rade. 

for  acceleration  ;  motion  and  velacity  being  destroyed  ja  All  these  different  affections  or  circumstance*,  nay  happen 

the  one  case,  in  the  very  fame  quantity  and  propvctf^i  a*  in  all  tbe  planets,  eXQcpt  the  sun  m»4  moon,  which  ore 

they  are  generated  in  tbe  other.  aeento  go  direa  only,    SuttbetiOKl  of  the  superior  and 

RCTICULA,  or  Reticulz,  in  Aatronatny,  a  con<-  inferior  planets  being^etoi^mde  are  diffecent;  the  former 

triraocG  for  very  accurately  meaauiHig  the  quantity  of  jupeaiing  so  abQvt^eir«ppositJMi,  .and  tbe  Ibttrr  abont 

eclipse*,  &c.     This  instrument,  i|iti»4uGad  aonie  y^ar*  tj(ieirxunjunction.    Ti)einteryalsof.time  altoIvUiieentwo 

since  by  the  Paris  Acad,  of  Scimce^  is  9.  little  ftav'v  letrogiadatious  of  the  seyeral  pJaiKtt,  are  ,veiy  nifumj, 

consisting  of  1^  fine  silkep  threodi;,  paralLel  to,  and  «qiur  In  Herschel  it  is  1  year     ti.daya, 

liistant  from  each  other  j  ^placed  in  l^e  focw  of  object-  Iq  Saturn     -    •  1  -  •  -  IS 

glasses  of  telescope* ;  that  is,  in  the pl^ce  whore  the  ifungfi  Injufitn    -    -  1  -  -  -  48 

of  tbe  luminary  is  painted  in  it*  full  extent.    Consequent^  In  Mars  -    -    -8---W 

the  diameter  of  the  sun  or  moon  is  thus  aeen  divided  iitfo  Ja  Venua     -    -  1  -  -    830 

12  equal  ports  or  digi&  :  so  that,  to  find  the  tjuantity  of  In  Mercury      -  lO  -  -    lU 

the  eclipse,  there  i*  nothi()g  to  do.hut  to  number  the  parta  -Ajgein,  Herscbel  continue!  relzograde  1£3  days,  Saturn 

that  are  dark,  or  that  are  luBiiaoiv.^^s.a  square  Ee^onje  140,  Jupiter  130,  Mars  73,  Venus  42,  and  Mercury  SS  ; 

is  only  propn  for  the  diameter  of  <t^  luminary,  not  for  or  nearly  lo  ;  for  the  several  retrogradations  o'f  the  aaOH 

Ike  circumferance  of  it,  it  ia  tomotimep  madeoircular,  by  planet  t^  not  constantly  equal. 

drawing  ^  coocentric  equidistant  circle* ;  w]iich.rq>resenia  Tbete  various  circum*tances  however  in  the  motiona 

the  phases  of  the  edipte  pecfectly.T— But  it  is  avident  that  of  tbe  planets  are  not  ri^,  but  only  apparent ;  a*  the  is- 

the  reticule,  whether  square  or  circular,  ought  to  be  per-  equalities  ari*e   frqm  the  motion    and  position  of  the 

fectly  4-qual  to  tbe  diameter  or  circumference  of  the  sun  earth,  from  wbich  they  a^e  viewed ;  for  when  tbey  are 

or  star,,  lucb  as  it  afpeara  in  thejEb«us  of  ^e  glass;  other-  considered  a*  •(sen  frpm  the  sun,  their  motion  appear  at 

wite  the  division  cannot  be  jwit.     And  this  is  no  ouy  wayi  nniform  and  regular.     These  ioequalities  are  thuB 

matter  to  efibct,  because  the  apparent  diameter  of  tbe  sun  explained  : 

and  moon  differ*  in  each  eclipse  ;  aay  that  of  the, moon  Let  s  denote  tbe  sun  ;  and  ABott&c  tbe  path  or  orbit 

differs  from  itself  in  tbe  progras  of  the  same  eclipse.^-  of  the  earth,  moving  from  west  to  east,  and  in  that  or- 

Anotbcr  imperfection  in  the  reticule  is,  that  its  magnitude  der;  also  ok  Stc  tife  orbit  of  a  superior  planet,  as  Saturn 

ia  determined  by  that  of  the  image  in  the  focus ;  and  of  for  instance,  moving  the  same  way,  or  in  the  direction 

Couseqaence  It  will  only  fit  one  certain  magnitude.  oxlo,  but  with  a  much  less  celeiity  than  tbe  earth's  jno- 

Bnt  M.  Lahire  has  found  s  remedy  for  all  these  incon-  tion.     Now  'When  the  earth  it  at  the. point  a  of  its  orbit, 

veniences,  and  contrived  that  the  same  reticule  sbalLserve  let  Saturn  be  et  a,  in  conjunction  with  tbe  sun,  when 

for  all  telescopes,  and  ^1  magnitudes  of  tbe  luminary  in  it  will  be  seen  at  p  in  tlir  zodiac,  or  among  the  st&n;  and 

the  same  eclipse.     The  principle  on  wbich  hi*  invention  when  tbe  earth  bo*  moved  from  a  to  a,  let  Saturn  have 

is  founded,  is,  that  two  object-gUuea, applied  agoitHt  each  moved  fromo  ton  in  its  orbit,  when  it  wUl  heseenin  the 

other,  harii^  A  common  focw>  and  tinue  forming  an  image  line  b»q,  and  will  appear  tohavc  moved  li»m  r  to^qin 

(^  »  certain  loagnitadie,'  thjs  imwe  will  JEttreaae  in  aro-  the  aodiac ;  also  wkeo  the  earth  lias  got  to  c,  let  Saturn 
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ht  arrived  at  i,  but  found  at  b  in  tbe  zodiac,  nhere  being 
«cen  iR  the  line  cis,  it  np- 
pears  stationary,  or  without 
motion  in  the  lodiac  at  b. 
But  after  tbia,  Saturn  will 
appear  for  some  lime  in  re- 
trogradatiou,  vie,  moving 
backwardi,  or  t^e  contrary 
way  ;  Tor  when  the  eaitb  has 
moved  to  D,  this  planet  will 
have  got  to  k,  and,  being 
seen  in  the  line  dkq,  will 
appear  to  have  moved  retro- 
grade in  the  sodiac  from  a 
to  q;  about  which  place  the 
planet,  ceasing  to  recede  any 
&rtber,  again  bt^omes  stationary,  and  afterwards  proceeds 
forward  again ;  tor  while  the  earth  moves  froiu  d  Co  c,  and 
Saturn  from  k  to  l,  the  latter,  being  now  seen  in  the  line 
ELR,  appears  to  have  moved  forward  in  the  gndiac  from 
0  to  &  :  and  so  on ;  the  superior  planets  always  becoming 
retrograde  a  little  before  they  arc  in  opposition  to  the 
sun,  and  continuir^so  till  sometime  after  the  opposition: 
die  petrc^rade  motion  being  $wifiest  when  the  planet  is  in 
the  very  opposition  itself;  and  the  direct  motion  swiftest 
when  in  the  conjunction.  Tbcarch  itQ,  which  the  planet 
describes  while  thus  retrograde,  is  called  the  arch  of  re- 
trogradaiion.  These  arches  are  unequal  in  all  the  pluneis,, 
being  greatrst  in  the  most  distant,  and  gradually  less  in 
tbe  nearer  one*. 

In  lilce  manner  may  be  shown  the  > 
retrogradations  of  the  inferior  planets;  by 
appear,  thai  they  become  stationary  a  little  before  their 
inferior  conjunction,  and  go  retrograde  till  a  liitie  time 
after  it(  moving  thaquickest  retrograde  just  at  that  con- 
junction, aud  the  quickest  direct  just  at  the  superior  or 
further  conjunction. 

RETaooRADATioir  o/(fte  Node*  qfthe  Moon,  is  a  mo- 
lion  of  the  line  of  tbe  nodes  of  her  orbit,  by  which  it 
continually  shifts  its  situation  from  east  to  west,  contrary 
to  the  order  of  the  signs,  completing  its  retrogi^e  circu- 
lation in  the  period  of  about  19  ytars :  after  which  time, 
either  of  the  nodes,  having  receded  from  any  point  of  the 
ecliptic,  returns  to  the  same  again. — Newton  has  demon- 
strated, in  bis  Principia,  that  the  Retrogradation  of  the 
moon's  nudes  is  caused  by  the  action  of  the  sun,  which 
cotilinualty  drawing  this  planet  from  her  orbit,  deflects 
tbis  orbit  from  a  plane,  and  causes  its  intersection  with 
the  ecliptic  continually  to  vary  ;  and  his  deti^rmi nations 
an  this  point  have  been  confirmed  by  obtervalioo. 

RxTEOGBAOdTioN  qf  tht  Sun,  a  motion  by  which  in 
tome  situations,  in  tha  torrid 
■one,  be  seems  to  move  re- 
trograde or  backwards.  When 
tbe  sun  is  in  the  torrid  lone, 
and  has  his  declination  am 
greater  than  the  latitude 
of  the  place  az,  but  either 
liorthem  or  southern  as  that 
is,  the  sun  will  appear  to  go 
retrograde,  or  backwards, 
both  before  and  after  noon. 
For  draw  tbe  vertical  circle 
EGir  to  be  a  tangent  to  the 
»mCt  diurnal  circle  H«o  ia 
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<i,  and  another  zoM  Ihroogh  the  sun's  rising,  at  o  :  tiKij 
it  is  evident,  that  aH  the  intermediate  vertical  circles  cut 
the  sun's  diurnal  circle  twice;  6m  in  the  arc  go,  and  the 
second  time  in  the  arc  oi.  So  that,  as  the  sun  ascends 
through  the  arc  go.  he  continually  arrives  at  farther  and 
fonber  verticals.  But-as  he  continues  bis  ascent  ihrough 
the  arc  gi,  be  returns  to  his  former  verticals ;  and  there- 
fore IB  seen  retrograde  for  some  time  before  noon.  And 
in  like  manner  it  may  be  shown  that  he  dAes  the  same 
thing  for  some  time  after  noon.  Hence,  as  the  shadow 
always  tends  opposite  to  the  sun,  it  will  be  retrograde 
twice  every  day  in  all  places  of  the  torrid  zone,  where  tbe 
sun's  declination  exceeds  the  latitude. 

RETR(H'RAi)ATioK,orRETaoGHEssiON,in  the  Higher 
Geometry,  is  the  tame  with  what  is  otherwise  called  Con- 
trary Flexion  or  Flexure.   SeeFLEXURE.andliiFLKxioN. 

RETROGRADE,  denotes  backward,  or  contrary  to 
the  forward  or  natural  direction.     See  Retrograoa- 

TIOK. 

RETROGRESSION,  or  Retrocessiok.  The  same 
with  Retimgraiiatiok. 

RETURNING  Stroke,  in  Electricity,  is  an  c.spression 
used  by  lord  Mahon  (now  Earl  Stanhope)  to  denote  the 
effect  produced  by  the  return  of'tlie  electric  fire  into  a 
body  from  which,  in  certain  circumstances,  it  has  been 
expelled.  ' 

To  understand  properly  the  meaning  of  these  terms,  it 
must  be  premised  that,  according  to  the  noble  author's 
experiments,  an  insulated  smooth  body,  immerged  within 
the  electrical  atmosphere,  but  beyond  the  striking  distance 
of  another  body,  charged  positively,  is  at  the  same  time 
in  a  state  of  threefold  electricity.  The  end  next  to  the 
charged  body  acqoii'es  negative  electricity;  the  farther 
end  is  positively  electrified  ;  while  a  certain  part  of  the 
body,  somewhere  between  its  two  extremes,  is  in  a  na- 
tural, unelectrified,  or  neutral  state ;  so  that  the  two  con- 
trary electricities  balance  each  other.  It  may  further 
be  adtled,  that  if  the  body  be  not  insulated,  but  have  a 
communicatioa  with  the  earth,  the  whole  of  it  will  be  ia 
a  negative  state.  Suppose  then  a  brass  ball,  which  may 
be  called  a,  to  be  constantly  placed  at  the  striking  dis- 
tance of  a  prime  conductor ;  so  that  the  conductor,  the 
instant  when  it  becomes  fully  charged,  explodes  into  it. 
Let  another  krge  or  second  conductor  be  suspended,  in  a 
perfectly  insulated  state,  farther  from  the  prime  conductoi 
than  the  striking  distance,  but  within  its  electrical  atmb- 
sphere:  lei  a  person  standing  on  an  insulated  stool  (ouch 
this  second  conductor  very  lightly  with  n  lingrr  of  his 
right  band  ;  while  with  a  finger  of  his  left  hand,  he 
communicates  with  the  i-arth,  by  touching  very  light- 
ly a  second  brass  ball  fixed  at  the  top  of  a  memllic 
stand,  on  the  floor,  which  may  be  called  b.  Now 
while  the  prime  conductor  is  receiving  its  electricity, 
sparks  puss  [at  least  if  the  distance  between  the  two  con- 
ductors is  not  too  great)  from  the  second  conductor  to 
the  right  hand  of  the  insulated  person  ;  while  similar  and 
simultaneous  sparks  pass  out  from  the  finger  of  his  lefi 
hand  into  the  second  metallic  ball  a,  cimimunicaiing 
with  the  earth.  At  length  however  the  prime  conductor, 
having  acquired  its  full  charge,  suildeoiy  strikes  into  the 
ball  a,  of  the  firU  metallic  stand,  placed  for  ihn^  purpose 
at  the  striking  distance.  Tiie  explosion  being  made,  and 
the  prime  conductor  suddenly  deprived  of  its  clnslic  at- 
mosphere, its  pressure  or  action  on  the  second  conductor, 
and  ou  the  iiuula  led  .person,  as  suddenly  ceaws;  and  lb« 
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infinil*  spries  « 
tbrrc  be  I'uund  i 
verli'd,  or  its  ra 
tcrm^ 
Thu 


Ke  V 


«c  +  Ai*  +  cr*  -*-  dx*  ic ;  then  t* 
Az  +■  Bi'  ■^  CI*  &C,  that  »erie«  u  re- 
ts found  in  an  infinite  serie^i  of  other 

of  New  ton 'i  ji 


Ult«r-ivUnt)y  feelf  a  traart  relarmng  ilnikF,  ihoogh  he 
has  no  direct  or  visible  communication  (except  by  the 
floor)  with  eiihei'  of  the  two  bodies,  and  is  placed  at  the 
distance  of  j  or  6  tiTt  from  both  of  ihum.  This  return- 
ing stroke- is  cvidi'tilly  occasioned  by  the  sodden  re-en-        Thit  was  one  of  Newton's  I  rap  rovem  en  ti  in  anatysit, 

trance  of  the  clrctric  Rrc  naturally  belonging  to  hiii  body  the  first  specimen  of  nhich  was  given  in  his  Analysis  per 

and  to  the<ec(iiid  conductor,  which  bad  before  been  ex-  .^uaiiones  Nuraero  Terniinorum  Infiniias;  and  it  is  uf 

pelled  by  ihe  action  of  the  charged  prime  conductor  up-  great  use  in  resolving  many  problems  in  various  parts  of 

on  them;  and  wliich  returns  to  its  former  place  in   the  Ihe  matiiematicB. 

{nsiant  when  that  actiori  or  elastic  pressure  ceases.  When  The  moat  usual  and  general  way  cf  reversion,  is  to  u- 
ihe  second  conductor  and  the  insulated  person  are  placed  sume  a  series,  of  a  proper  form,  for  the  value  of  the  re- 
in the  densest  part  of  the  electrical  atmosphere  of  the  quired  unknown  quantity ;  then  substitute  tbc  powers  of 


prime  conductor,  or  juit  beyond  the  striking  distance, 
the  effects  are  stilt  more  considerable;  thercturniligstroki 


this  vail 


lead  of  those  of  that  quantity  into  the  given 
lastly  compare  the  resulting  terms  with  the  said 


being  in  that  case  extremely  severe  and  pungent,  and  ap-  given  series,  and  the  values  of  the  assumed  coefficient! 

f tearing  considerably  sharper  that)  even  the  main  stroke  "'"   "        '        ■■■>-- 
tself,  received  directly  from  the  prime  condoctor.     Lord 

(labon  observes,  that  persons  and  animals  may  be  de-  assume  it  thus,  x  =:  az  -»-  na,^  -f-  ct'  &c;    1 

Itroyed,  and  ))artlcalar  parts  of  buildings  may  be  much  volving  this  series,  for  the  several  powers  of  r,  and  mul- 

tjamaged,  by  an  electrical  returning  stroke,  occasioned  tiplying  the  corresponding  powers  by  a,  b,c,  fic,  there  r#- 
even  by  some   very  distant  explosi'oir  fpom  a  thuudei 


rill   thus   be  obtained.     So,   to  revert  the  scries  e 

-  cr'  &C,  or  to  find  the  value  of  x  in  terms  of  a 
I  by  ii 


cloud  ;  possibly  at  the  di 
certainly  not  difficult  to  couceive  that  ii  highly  charged 
thunder-cloud  must  be  productive  of  effects  similar  to 
those  produced  by  the  prime  conductor;  but  perhaps  the 
effects  are  nut  so  great,  nor  the  danger  so  terrible,  as  it 
seems  have  been  apprehended.  If  thequantily  t^f  electric 
fluid  aaturaily  contained,  fgr  example,  in  the  body  of  a 
man,  were  immense  or  indefinite,  then  the  estimate  be- 
tween the  cffi'Cts  producible  by  a  cloud,  and  those  caused 
by  a  prime  conductor,  might  be  admitted  ;  but  surely  no 
electrical  cloud  can  expel  from  a  body  more  than  the  na- 
tural quantity  of  electricity  which  it  contains.  On  the 
ludden  removal  therefore  of  the  pressure  by  which  this 
natural  quantity  bad  been  expelled,  in  consequence  of 
the  explosion  of  the  cloud  into  the  earth,  no  more  (at  the 
utmost)  than  the  whole  natural  stock  of  electricity  can 
re-enter  his  body,  provided,  it  be  so  situated,  that  the  re- 
turning fire  of  othi'r  bodies'most  necessarily  pass  through 
his  body.  But  perhaps  we  have  no  reason  to  suppose  that 
tliis  quantity  is  so  great,  as  that  its  sudden  re-^antrance 
into  bis  body  should  destroy  or  injure  hipi. 

Allowing  therefore  the  existence  of  the  returning  stroke, 
as  sufficiently  ascertained,  and  well  illustratad,  in  a  va- 
riety of  circumstances,  by  the  author's  experiments,  tha 
magnitude  and  danger  of  it  do  not  seem  to  be  so  alarni' 
s  he  apprehend! 


s  =  OAz  •*■  an*'  -*■    oc^    ■*■  am',  &c. 
-t-  6aV  f  2&ABt*  ■+■  ihikcz* 
+  baV 

-h     CaV      f    3CA*B«*  .    . 

■t-  ^aV 
Then  by  comparing  the  corre^HHiding  terms  of  this  last 
series,  or  making  their  coefficients  equal,  there  are  ob- 
tained these  equations,  vis, 

aA  ^  1 ,  and  as  -t-  bA'  =  0,  and  ac  •*-  SAab  ■*■  ca^  ^  0, 
&c,  which  give  these  values  of  the  assumed  coefficients, 


t*,&c. 


Of.c  +  t»'  +   3r/l  +  dA» 

p ;  &c  consequently 

—  j'   -*■  -^ — "^ ■ ir- 

Z^ 

which  is  therefore  a  general  formula  or  theopen  Inr  every 
series  of  the  same  kind,  as  to  the  powers  of  the  quantity  r. 
Thus,  for 

Ex.  Suppose   it  were  required    to   revert  the  serin 
«  :s:  X  -  x"  +  Jr*  -  j«,  fitc. 

Here  o  =  1,  i  =  -   I,  e  =  l,d  =:  ~  I,  &q;  which 
See  Lord  Mahon's  Principles  of     values  of  these  letters  being  substituted  in  the  theorem. 
Electricity,  Stc.  4to,  1779,  pa- 76,  113,  and  131.    Also     there  results*  =  a  ■+■  a«  +  i»  -»-  i*.  &c,  which  is  diat 
Monthly  Review,  vol.  69,  pa.  436.  lenes  reverted,  or  the  value  of  x  in  it. 

REVERSION  in  Aamitia,  or  Revertimary  Paymaiu,         Jn  the  same  way  it  will  be  found  that  the  theorem  for 
—  payments  that  are  not  to  be  made  till  after  some 


1  be  madi 
stated,  period;    be~tng  thus  distinguished  from  payments 
that  are  to  be  made  immediately. 

Reversions  are  either  certain,  or  contingent :    of  the 

former  kind,  are  all  sums  payable  after  a  certain  number 

f  years,  or  any  other  fixed  and  determinate  period  of 


^  rfiT  &c,  i 


o'd  +  itV  —  Bote 


-,&C. 


Variflus  methods  of  reversion  may  be  seen  as  g^ven  by 

De  MoivreinthaPhilos.  Trans.  No.  £40;  or  Maclanrin'i 

time,  as  also  on. the  extinction  of  any  lives.    Andoftlio     Algebra  pa.  263  ;   or  .Stuart's  explatuUion  of  Newton's 

latter  sort,  are  all  such  reversions  as  depend  on  any  con-      Analysis,  &c.  pa.  455;  orColson's  Comment  on  Newton's 


tingency;  and  particularly  the  survivorship  of  any  lii 
beyond,  or  after,  other*..    See  the  articles  Assukaitce, 
AvxtriTiBS,  Life  Akkuitibs,  and  Suetivorsiiif. 

RaTEasiow  qf  Series,  in  Algebra,  is  the  finding  the 
value  of  the  root,  or  unknown  quantity,  whose  powers 
enter  the  teims  of  an  infinite  series,  by  means  of  another 
infinite  scries  in  which   it  is  not  contained.     As,  in  the 


Flux.  pa.  219;  or  Horsley's  ed.  of  Newton's  works  vol.  I. 
pB-  291 ;  or  Simpson's  Flux.  vol.  2,  pa.  302 :  or  most  au- 
thors on  algebra.     > 

REVETEMENT,  in  Fortification,  a  strong  wall  built 
on' the  outside  of  the  rampart  and  parapet,  to  support  the 
earth,  and  prevent  its  rtilling  into  the  ditch, 

REVOLUTION,  in  Geometry,  the  moli^  of  rotation 

2Ta 
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of  ft  line  KboBt  a  fixed  point  or  centre,  or  of  Any  fignra 
About  a  fixed  axil,  oi  upon  any  line  of  aurface.  Thu«, 
tlie  revolution  of  a  givei>  tine  about  a  fixed  centre,  gene- 
rate* a  circlu  ;  and  thai  of  a  right-angled  triangle  about 
one  side,  as  an  axis,  generatem  cone;  end  thatof  aiemi- 
'  circle  about  iU  diameter,  gcneratn  a  sphere  or  globe,  &c. 
Rkvolutior,  in  Astronomy,  i>  the  period  of  a  itar, 
planet,  or  comet,  ttc  ;  or  its  coarse  (ram  any  point  of  its 
xiTbit,  till  it  return  to  the  sunie  again. 

The  planeti  have  a  twofold  revohitiMi.  The  one  about 
tbeirowu  axes,  usually  called  their  diurnal  rotation,  whiclL 
conititutes  thair  day.  The  oiber  about  the  sun,  called 
their  annual  revoluUoD,  or  period,  conititnting  their  year. 
REYNtuAU  (Cbaklbs-Heme),  commonly  called  fk- 
tber  ReyneaU)  a  noted  Fi^ncfa  mathematician,  wai  born  at 
Briuac  in  tke  province  of  Anjou,  in  the  year  l6s6.  At 
SO  years  of  age  beroteredhimself  among  the  Oratorians, 
a  kind  of  iclipous  order,  in  which  the  members  liied  in 
comminity  nithoat  making  any  vows,  and  applied  them- 
aelves«hi«9y  to  the  eJacation  of  youth.  He  was  soon 
after  MUt,  by  his  superiors,  to  teach  philosophy  tit  Peiena*, 
and, then  at  Toulon.  This  requiring  some  acquMntaoc^ 
with  geometry,  be  contracted  a  great  affection  for  that 
science,  which  he  cultivated  and  improved  to  a  great  ex- 
tent ;  in  cousetiuence  he  was  called  to  Angers  in  \6B3,  to 
fill  the  mathematical  chair;  and  the  Academy  of  Angers 
elected  him  a  member  in  l694. 

Id  this  occupation  father  R^neau,  not-  content  with 
Valcinghimielfmasterof  every  thing  worth  knowing,  which 
tiie  modem  analysis,  m  fruitful  in  sublime  speculations 
and  ingenious  discoveries,  bad  iJready  produced,  undet^ 
took  to  reduce  into  one  body,  for  the  use  of  his  scholars, 
the  principal  theories  scattered  about  in  Newton,  Des- 
cartes, Leibnitz,  Bernoulli,  the Leipsic  Acts,  the  Memoirs 
of  the  Paris  Academy,  and  in  other  works  ;  treasures  which 
by  being  so  widely  dispened.  proved  much  less  useful  than 
they  otherwise  might  bave  been.  Tfae'fruit  of  this  under- 
taking, was  his  Analyse  Demon tr^e,  or  Analysis  Bemon- 
strated,  which  he  published  in'^i  volumes  4io,  1706. 

Royoean,  alter  thus  giving  lessons  to  iboM  who  under- 
atood  semt-ihing  of  geometry,  thought  pr<^r  to  compose 
a  work  aloo  fur  such  as  were  utterly  uuBCquainted  with 
that  science.  This  was  in  some  measure  a  condescension 
in  him,  bvt  Iiis  passion  to  be  useful  made  it  easy  and  agree- 
able. Accordingly,  in  1714  he  published  a  useful  vo-i 
lame  in  4to  on  calcuhtioa,  under  the  title  of  Science  du 
CaJcul  des  Grandeurs. 

A*  soon  as  the  Royal  Academy  of  Sciences  at  Paria,  in 
consequence  of  a  regulation  madein  the  year  17l6,opeBed 
its  doors  to  other  learmid  men,  under  the  title  of  Free  Asso- 
ciates, father  Keyneau  was  admitted  of  tbenumher.  The 
works  however  which  we  have  already  mentioDed,  besides 
a  small  piece  npon  logic,  are  the  only  ones  he  ever  pub- 
lished, or  probably  ever  conposed,  except  Aiost  of  the  mar 
terials  for  a  second  volume  of  hn  Scicace  du  Caloul, 
which  he  left  behind  him  in  manascript.  The  last  years 
of  his  life  were  attended  with  loo  much  sicknem  toadmit 
of  any  ttlraordinary  application.  He  di«]  in  17S8,  at 
78  yean  of  age,  not  more  regretted  on  accmiot  of  hit 
great  leaning,  than  of  bis  'many  virtues,  which  all  co»> 
spired  in  an  eminent  degree  to  make  that  learning  agi«e- 
able  to  those  about  him,  and  ukAiI  to  the  world.  The 
liFst  men  in  Frsmce  deened  it  an  bonour'and  a  happhisaa 
to  count  him  unong  their  friends.  Of  this  nsirter  ware 
the  djancdlet'of  that  kiagdeM,  and  faster  HaUaknubci* 
of  whom  Reyneau  was  «  scalous  aad  faithful  disciple. 
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RHABDOLOGY,  or  Rabdoloot,  in  Arithnfetic,  ■ 
name  given  by  Napier  to  a  method  of  perforibing  some  of 
the  more  difficult  oprrations  of  numbers  by  means  of  cer- 
tain square  little  rods.  Upon  these  are  inscribed  the 
simple  numbeni  then  by  shifting  them  according  to  cer- 
tain rules,  those  operations  are  performed  by  simply  add- 
ing or  subtracting  the  numbers  as  they  stand'  upon  the- 
rods.  See  Napiei's  Rabdologis,  printed  in  l€l7.  See 
also  the  article  Nafies's  Bimes. 

RHEO-STATICS,  is  used  by  some  for  the  statics,  or  the 
science  of  the  equilibrium  of  fluids. 

RHETICUS  (Georoe  Joachim],  a  noted  German 
astronomer  and  mathemalicien,  who  was  the  colleague  of 
Reinhold  in  the  university  of  Wittemberg,  being  joint  pro- 
fessora  of  mathematics  there  together.  He  whs  bum  at 
Feldkirk  in  Tyrol  the  15th  of  February  1514.  After 
studying  the  elements  of  the  mathematics  at  Zurich  with 
Oswald  Mycone,  he  went  to  Wittemberg,  where  he  dili- 
gently cultivated  that  science.  Here  hewas  made  master 
of  philosophy  in  1 335,  and  professor  in  1 537.  He  quitted 
this  situation  however  two  years  after,  and  went  to  Fmen- 
burg  to  put  himself  under  the  assistance  of  the  celebrated 
Copernicus,  being  induced  to  this  step  by  his  seal  fur 
astronomical  porsuits,  and  the  great  fame  which  Copemi- 
coihad  then  acquired  Rheiicus  assisted  this  astronomer 
for  some  years,  and  constantly  exlioned- him  to  perfect 
his  work,  De  RevoliftiOHiliu>i,  which  he  published  afterthfl 
death  of  Copernicus,  viz,  in  1543,  foho,  at  Norimber^ 
together  with  sn  illustration  of  the  same  in  a  narration, 
d^icated  lo  Schoner.  Hei«  loo,  to  render  astronomical 
calculstions  more  accurate,  he  began  his  very  elaboraie 
canon  of  sines,  tangents,  and  secants,  to  15  places  of  fi- 
gures, and  til  every  iO  seconds  of  the,  quadrant,  a  design 
which  he  did  not^ive  quite  long  enough  to  complete.  Thu 
canon  of  sines  hriwever  to  that  radios,  for  every  10  (teconds, 
and  for  every  single  second  in  the  first  and  last  dugrre  of 
the  quadrant,  computed  by  htm,  was  published  in  folio  at 
Francfort  l6i3  by  pitiscus,  whii  himself  added  a  few  uf 
the  first  sines  computed  to  92  places  of  figures.  But  the 
larger  work,  or  canon  of  siniee,  tangents,  and  iccanfs,  to 
every  10  seconds,  was  finished  and  published  after  his 
death,  vie,  in  1596,  by  his  disciple  Valenrine  Otho,  ma- 
thematician to  the  electoral  prince  Palatine;  a  particular 
account  and  analysis  of  which  work  may  be  seen  in  the 
Historical  Introduction  to  my  Logeriihms, 

Afcer  the  death  of  Copem>cu!>,  Rheiicus  returned  to. 
Wittemberg,  via.  In  1541  or  I54S,  and  was  agaTn  admit- 
ted to  bis  eflice^  prvfessor  of  mut hematics.  Tlie  same 
year,  by  the  recommendation  of  Melancthon,  he  went  to 
Norimberg,  where  he  found  certain  manuscripts  of  Werner 
and  Regiofflontanus.  He  afterwards  taught  mathematics 
at  Leipsic  Fnim  Saxony  he  departed  a  second  time,  for 
what  reason  is  not  known,  and  went  to  Poland  ;  and  from 
thence  to  Cassovia  in  Hungary,  where  he  died  D^ember 
the  4th,  157S,  at  irearly  6S  years  of  age.  > 

His  Narratio  de  Libris  Revolutionum  Coperntci,  was 
fint  puMished  at  Gedvmim  in4to,  IS40  ;  and  afterwards 
added  to  the  editions  of  Copemicns's  work.  He  abo 
mmpeaed  and  publirfied  Ephemerides,  accordii^  to  th« 
'dMh4ncof  Copernichs,  till  the  year  1551. 

RheticuB  sdso  projected  other  worksj  of  various  kinds, 
astronomical,  astrological,  geographical,  chemical,  &c,  and 
partly  executed  tliem,  though  they  were  never  published, 
whkh  «re  more  pstrtinrhriy  neAtioned  in  hb  letter  to 
Peter  Rmnis  in  ihe  jMir  IflJa/H^idt  Adrian'Ronamu 
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tnierted  in  the  prelace  to  the  lint  part  ofhii  Idea  of  Mft- 
tbcmallcs. 

RHOMB-SoLiDjCoiuiits  of  two  equal  and  right  cooet 
Joined  logeliier  at  ihcir  bates. 

ftHUMBUID.  iir  RuoMBoiois,  in  Geometry,  a  qua- 
driUteral  figure,  wiinse  opposite  itdc*  end  angles  are  equal ; 
but  whicb  is  ni'itber  tquilalerHl  nur  equiangular. 

RHOMBUS,  xa  an  oblique  equilateral  parallelt^ram; 
or  a  quodrilhteral  figure,  whose  aides  are  equal  and  paral- 
lel, but  the  four  angles  not  all  equal,  two  of  the  opposite 
one*  being  obtuse,  and  the  other  two  opposite  ones  acute. 
The  two  diagonals  of  a  rbombus  intersect  at  right  angles. 
As  to  the  area  of  the  rhombus  or  rhomboides,  it  is  found, 
like  that  of  all  other  paralkloi{rHins,  by  multiplying  the 
length  or  base  by  tht;  perpendicular  breadth. 

RHOMBUs-So/tii.     See  RmouB-SaUd. 

RHUMB,  orMoMB,  in  Navigation,  a  vertical  circle 
of  any  given  place;  or  tbe  Intersection  of  a  part  of  such 
a  circle  with  the  horiion.  Rhumbs  therefore  coincide 
with  the  points  of  the  horizon.  And  henoe  marinen  dis- 
tinguish the  rhumbs  by  the  same  names  as  the  points  and 
winds.  But  we  may  observe,  that  tbe  rhumbs  are  deno- 
minated from  the  points  of  the  compass  in  a  difierent 
manner  from  the  winds :  thus,  at  sea,  the  north-east 
wind  is  that  which'  blows  frqra  the  north-east  point  of  the 
horiton  towards  the  ship  in  which  we  are;  but  we  ai« 
•aid  to  sail  upon  the  north-east  rbumb,  when  we  go  to- 
wards the  north-east.— Thi;y  usually  reckon  38  rhumbs, 
^vhich  are  represented  by  the  32  lines  in  the  rose  or  card 
of  tbe  compass. 

Aubin  defines  a  rhumb  to  be  a  line  on  the  terrestrial 
globe,  or  sea-compass,  or  sea-cbart,  represenlitig  one  of 
the  32  winds  which  serve  to  Conduct  a  veasel.  So  that 
tbe  rhumb  a  veasel  pursue*  is  conceived  as  iu  route,  or 

Rhumbs  arc  divided  and  subdivided  1i)[e  points  of  the 
compass.  Thus,  the  whole  rhumb  answen  to  tbe  cardinal 
point.  The  half  rbumb  to  a  collateral  point,  or  makes 
an  angle  of  45  degrees 'wiib  the  former.  And  theqnartcr 
rhumb  makes  an  angle  of  23°  30'  with  it.  Also  the  half- 
quarter  rhumb  makes  an  angle  of  11°  15'  with  the  same. 

For  a  lable  of  the  rhumbs,  or  points,  and  their  dis- 
(Mices  from  tbe  meridian,  see  Wind. 

Rhvmb-Like,  Laxodromia,  in  Navigation,  is  a  line 
prolonged  Irom  any  point  of  tbe  compass  in  a  nautical 
chart,  except  the  four  cardinal  points :  or  it  is  the  line 
which  a  ship,  keeping  in  the  same  collateral  point,  or 
rhumb,  deM:ribe«  throughout  its  whole  course ;  being  de- 
rived from  a  Portuguese  word. 

The  chief  property  of  tbe  rhumb-line,  or  loxodreoiia, 
aitd  that  'from  which  some  authors  define  it,  is,  that  it 
cuts  all  the  meridians  in  the  same  angle.  1  his  angle  is 
called  the  Angle  of  the  Rhumb,  or  the  Loxodromic  angle. 
And  the  angle  which  tbe  rhumb-line  makes  with  any  pa- 
rallel to  the  equator,  is  called  the  Complement  c^  the 
Rhumb. 

An  idea  of  the  origin  and  properties  of  the  rbumb-line, 
the  great  foundation  of  oavigation,  may  be  conceived 
thus:  A  vessel  banning  its  course,  the  Wind  by  which  it 
is  driven  makes  a  certain  angle  with  tbe  iMeridian  of  the 
place;  and  as  we  shall  st^poae  tliat  the  vessel  runt  ex- 
actly in  tbe  diredtion  of  the  wind,  it  makes  the  same  angle 
with  the  meridian  wliich  the  wind  makes.  Supposing 
then  the  wind  to  continue  the  same,  as  each  point  or 
iasoncf  tbeftognn  ma;  be  ttteened  tke  bee^iming,  the 


vessel  always  makes  tbe  same  angle  with  the  meridiait  •{ 
tbe  place  where  it  is  each  moment,  or  in  each  point  of  its 
course  which  the  wind  makes. — Now  a  win-l,  for  example, 
that  is  nnrifa-east,  and  which  consequently  makex  iin  angle 
of  44  degrees  with  tbe  meridian,  is  equally  n>irth-u>t 
wherever  it  blows,  and  makes  the  same  anjile  of  45  ilegrees 
with  all  the  meHdlHns  it  n^eets.  And  theredire  a  vessel, 
driven  by  the  saiiie  wind,  always  maki-s  the  same  angU 
with  all  the  meridians  it  meets  with  on  the  surface  of  tbf 
earth.  If  the  vessel  sail  north  or  south,  ii  describes  the 
great  circle  of  a  meridian.  If  it  runs  e'asi  or  we^t,  it  cuts 
all  tbe  meridians  at  rigbt  angles,  und  describes  either  the 
circle  of  the  equator,  or  else  a  circle  parallel  tu  it.  Bnt 
if  the  vessel  sails  between  the  twci,  it  dues  not  then  describe  . 
a  circle;  since  a  circle,  drawn  obliquely  lo  a  meridian, 
would  cut  all  the  meridians  at  unequal  angles,  which  th« 
vessel  cannot  do.  It  describes  therefore  a  particular  curve,, 
the  essential  property  of  which  n,  HaaX  it  cuts  all  tbe  me- 
ridians in  the  same  angle,  and  it  is  called  the  i.oxodroiii]r, 
or  Loxodromic  Curve,  or  Rbumb-line.  , 

This  curve,  on  the  globe,  is  a  kind  of  spiral,  tending 
continually  nearer  and  nearer  to  the  pole,  and  making  an 
infinite  number  of  circumvolutions  about  it,  without  ever  ' 
arriving  exactly  at  it.  But  the  spiral  rhumbs  on  the  globe 
become  proportional  spirals  in  the  stereosraphic  prnjectioii 
OR  the  plane  of  the  equator.  The  length  of  a  part  of  this 
rbumb-line,  or  spiral,  then,  is  the  distance  run  by  ^ 
ship  while  she  keeps  in  the  same  course.  But  as  such  a 
spiral  line  would  prove  very  perplexing  in  the  calculation^ 
it  was  necessary  to  have  the  ship's  way  in  a  right  line; 
which  right  line  however  must  have  the  essential  proper- 
ties of  tbe  curve,  vis,  to  cut  all  the  meridians  at  right 
angles.  The  method  of  effecting  which,  tee  under  the 
article  Chaht. 

The  arc  of  the  rbumb-line  is  not  the  shortest  distance 
between  any  two  places  through  which  it  passes  ;  for  tbe 
shortest  distance,  on  the  surface  of  tbe  globe,  is  an  arc  of 
the  great  circle  passing  through  those  plnccs ;  so  that  U 
would  be  a  shorter  course  to  sail  on  the  arc  of  this  great 
circle  :  but  the  ship  cannot  be  kept  in  a  great  circle,  be- 
cause the  angle  it  makes  with  tbe  meridians  is  continually 
varying,  more  or  lest. 

Let  P  be  the  pole,  kw  the  equator, 
ABCDEP  a  spiral  rhumb,  divided  into 
an  indefinite  number  of  equal  parts 
at  the  points  b,  c,  d,  &C ;  through 
which  are  drawn  the  meridians,  vs, 
PT,  PT,  &Cf  and  thepuralleli  pb,  kc, 
LD,  &C,  also  draw  the  parallel  av. 
Then,  asashipsailsalong  the  rhumb- 
line  tuwards  the  pole,  or  in  the  direc- 
tion ABCD  Stc,  from  a  tu  b,  the  dit- 
tance  sailed  ax  is  made  up  of  all  the 
small  equal  parts  of  the  rhumb  ab  •*• 
BC  -»■  CD  -I-  db;  and 

tbe  sum  of  all  the  small  djfferences  of  latitude  At  -i-  bo 
4-  cu  -*-  Di  make  up  [be  whole  difference  of  latitude  au 
or  XM  \  and  the  inm  of  all  tbe  small  parallels  fb  -4-  oc  -<- 
HD  -•-  ic  is  what  is  called  the  departure  in  plane  sailing  { 
and  HE  it  the  meridional  distance,  or  distance  between 
tbe  first  and  lust  meridians,  measured  on  the  Inst  parallel ; 
also  RW  is  tbe  difference  of  longitude,  oicasured  on  the 
etfnator.  So  that  these  last  three  are  all  different,  via,  the 
departuie,  (he  meiidioiial  dklauce,  Mid  the  difoeuce  of 
lungitude. 
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•  If  Uie  ihip  Mil  towards  the  equator,  ffom  e  to  a;  tie 
departure,  difference  or  Utiiudr,  and  dilfcrence  of  longi- 
tude, will  be  ell  three  the  unit:  as  before;  but  tbc  mcri- 
tlional  distance  will  theo  be  .t  h  /'  instead  uf  m  e  i  tht  one 
of  which  AN  being  greater  tlian  the  departure  fb  ■*■  cc 
4-  HD  -I-  IB,  and  the  other  he  Iras  than  the  stLine;  and 
indeed  that  departure  ii  nearly  a.  mcnn  propiiriioaal  bu- 
tweeD  the  two  meridional  distances  he,  ah.  Uthcr  pro- 
perties are  as  below. 

I.  A.U  the  small  elementary  triangle*  abf,  Bcci,  crh, 
&c,  are -mutually  similar  and  equal  in  all  their  |>ans. 
For  alt  the  angles  at  a,  b,  c,  i>,  &c  arc  equal,  being  ihe 
■nglei  which  the  rhumb  makes  wuh  the  meridians,  or  tlic 
angles  of'the  coi^ree  ;  aho  all  the  angln  F,  g,  ii,  I,  arc 
equal,  being  right  angles;  therefurc  the  third  niijiiee  are 
equal, and  the  triangles  «11  similar.  Also  the  bypolhenutea 
AB|  ac,  CD,  &C,  are  ell  equal  by  the  hypothesis;  and  con- 
sequently the  triangles  are  both  similar  and  equal. 

i.  As  radius  :  distance  run  ae 

:  :  sine  of  course  £.  a  ;  departure  pb  +  gc  &c, 
:  :  cotin,  of  course  Z.  a  :  dif.  uf  lat.  am. 
For  in  any  one  abf  of  the  equal  elementary  triangles, 
which  may  be  considered  as  small  right- angled, plane  tri- 
angles, it  is,  as  rad.  or  tin.  Z.  F  :  sin.  course  a  :  :  ab  :  fb 
:  :  (by  composition)  the  sum  of  all  the  distances  ab  ■*■ 
BC  -«-  CD  &c  ;  the  sum  uf  all  the  departures  fb  -^  ac  -<- 
HD  Stc. 

And,  in  like  manner,  as  radius  :  cos,  course  a  :  :  ab  : 
AF  :  :  AB  -f  BC  &c  :  AF  -•-  bo  &c. 

Hence,  of  these  four  things,  the  course,  the  diSerance 
of  latitude,  the  departure,  and  the  distance  run,  having 
any  two  given,  the  other  two  are  found  by  the  proportiooa 
above  in  this  article. 

By  means  of  the  departure,  the  length  of  the  rhumb, 
or  distance  run,  may  be  connected  with  the  longitude  and 
lalitnde,  by  the  following  two  theorems. 

3.  As  radius  :  half  the  sum  of  the  cosines  of  both  the 
latitudes,  of  A  and  e  :  :  dif.  of  lung.  Kw  :  departure. 

Because  rs  :  fb  : :  radius  :  sine  of  fa  or  cus.  ra, 
and  vw  ;  ie  :  :  radius  :  sine  of  tm.  or  coi.  Ew. 

A.  As  radius  ;  cos,  middle  latitude  : :  dif.  of  longitude  : 
departure. — For  the  cosine  of  middle  latitude  is  nearly 
equal  to  half  the  sum  of  the  cosines  of  the  two  eitreme 
latitudes. 

RICCl(MiCBABL-ABCBto),  a  learned  lUlian  divitie, 
born  at  Rome  in  I6I9.  H.e  was  well  skilled  in  the  pure 
mathematical  sciences  ;  andiic  was  created  a  caidiaal  in 
l6si ;  but  did  nrtt  lung  enjoy  that  dignity,  as  he  died  in 
l6S3,  at  €4  years  of  age.  He  publjsh<:d  at  Rome,  in  4to, 
£xercitati»Geomctrica,  asinall  tract,  which  was  reprinted 
at  London,  and  annexed  to  N.  Mercator's  Logariihmo- 
technia ;  having  been  thought  6t  to  be  so  reprinted,  partly 
by  reason  of  its  scarceness,  but  chiefly  on  account  of  the 
excellency  of  the  argument,  which  is,  de  maximis  et  mi- 
nimis, or  Ihe  doctrine  of  liniits;  where  the  author  shows 
a  deep  judgment  in  exhibiting  tJic  means  of  reducing  that 
lately  discovered  doctrine  to  pure  geometry.  In  this  tract 
is  demonstrated  the  doctrine  of  Carava^o  de  uppUcationi- 
bus,  who  affirms,  that  he  who  is  ignorant  of  it  may  mispend 
his  time  about  equations,  in  scarchitig  for  that  which 
cannot  be  found.  He  delivers  also  a  method  of  drawing 
tangents  to  all  the  conic  sections,  "and  to  several  other 

RICCIOLI  (Jo^nnes-Battista),  a  learned  Italian 
sitroaomer,  philosopher,  and  mathematician,  wa*  bom  rn 


)5gS,  at  Ferrara,  a  city  in  Italy,  in  the  dominions  o(  the 
Pope.  At  16'  years  of  age  he  was  adiniitetl  into  the  so* 
ciety  of  the  Jesuits.  He  was  endowed  ivith  uncommon 
talents,  which  he  cultivated  with  extraordinary  ajiplica- 
tion;  so  that  the  progress  he  made  in  every  branch  of 
literature  and  science  was  turpri^ing.  He  was  lirsi  ap- 
pointed to  leach  rhetoric,  poetry,  philosophy,  and  scho- 
histic  divinity,  in  the  Jesuits'  colleges  at  Parma  and  Bo- 
logna; yet  he  applied  himself  in  the  mean  time  to  making 
observations  in  geogmphy,  chronology,  and  astronomy. 
This  was  his  natural  bi-nt,  and  at  length  he  obtained  leai-c 
from  !iis  superiors  to  quit  all  other  cmploynieni,  that  ho 
might  devote  himu'lf  entirely  to  those  sciences, 

He  projected  a  large  work,  to  be  divided  into  tliree 
parts,  and  to  contain  as  it  were  a  complete  system  of  phi' 
Ifisnphical,  mathematical,  and  astronomical  knowledge. 
The  first  of  tlieso  parts,  which  r^ards  astronomy,  was 
published  at  Bologna  in  i/>51,  2  vols,  folio,  with  this 
title,  J.  B.  Riccioli  Almagcstum  Novum,  Astronomiaro 
vclerem  novatnque'complectens,  observation ibus  atioruih 
et  propriis,  novjsquc  iheorematibus,  probleinatibus,  ao 
tabuiis  promoiam.  Riccioli  imitated  Ptolemy  in  this 
work,  by  colliding  and  digc!,ting  into  proper  order,  with 
observations,  every  thing  ancient  and  modern,  which  re- 
lated to  his  subject;  so  that  Gassendus  very  justly  called 
his  work,  *'  Frompluarium  ci  thcsaurum  ingentem  Astro- 
nomite." 

In  the  first  volume  of  this  work,  he  treats  of  the  sphere 
of  the  world,  of  the  sun  and  moon,  with  their  eclipses ; 
of  the  fixed  stars,  of  the  planets,  of  the  comers  and  new 
stars,  of  the  several  mundane  systems,  and  six  sections  of 
general  problems  serving  to  astronomy,  &c, — in  the  se- 
cond volume,  he  treats  of  Ingonumclrj',  or  the  doctrine  of 
plane  and  spherical  'triangles  i  proposes  to  give  a  treatise 
of  astronomical  instruments,  and  the  optical  part  of  astro- 
nomy (which  part  was  never  published) ;  it  also  treats  of 
geography,  hydrography,  with  an  epitome  of  chronology. 
— The  third,  comprehends  observations  of  the  sun,  raoon, 
eclipses,  fixed  stars  aiid  planets,  with  precepts  and  tables 
'of  the  primary  and  secondary  motions,  nnd  other  astro- 
nomical tables.  Kiccioli  printed  also,  iwv  other  works, 
ill  folio,  at  Bologna,  viz, 

2.  Astronomia  Reform ata,  1665:  the  design  of  which 
was,  that  of  considering  the  various  hyputhescs  of  several 
astronomers,  and  the  difficulty  thence  arising  of  conclu- 
ding any  thing  certain,  by  comparing  together  all  the  best 
observations,  and  examining  what  is  most  certain  in  them, 
tbetice  to  reform  the  principles  of  astronomy. 

3.  ChrunologiaReform.ita,  1669. 
Riccioli  died  in  lt>7L,  at  73yran  of  age. 
RICOCHET  Firing,  in  the  Military  Art,  is  a  method 

>  of  firing  with  small  charges,  from  pieces  of  ordnance 
elevated  at  small  anijles,  as  from  3  to  6  degrees.  The 
word  signifies  duck-and-drake,  or  rebounding,  because 
the  ball  or  shot,  thus  discharged,  goes  bounding  and  roll- 
ing along,  killing  or  destroyiig  every  thing  in  its  w'ay,  like 
the  bounding  of  a  t)at  stone  along  the  surface  of  water 
when  thrown  almost  horizontally. 

RIDEAU,  in  Fortification,  a  small  elevation  of  earth, 
extending  itself  lengthways  on  a  plain  ;  serving  to  cover  a 
camp,  or  give  an  advantage  to  a  post. 

RiDEAU  is  sometimes  also  used  for  a  trench,  the  earth 
of  which  Is  ihrownup  on  its  side,  to  serve  as  u  parapet  for 
covering  (he  men. 

RIFLE  GvHS,  in  the  Military  Art,  arc  ihote  whoce 
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E&tkIs,  iDsteaf  of  being  itraighcoa  tLe  insiiie,  are  fonned 
with  spiral  chunncls,  making  each  about  a  turn  and  a  half 
in  the  lenfiib  of  tbe-barret.  These  carry  their  balls  farther 
and  witlPrnure  certainty  than  the  common  pieces.  For 
the  nature  and  (qualities  of  them,  see  Robins's  Tracts, 
vol.  1,  pa.33S&c. 

RtGGL,  ill  Astronomy.    See  ReeBL. 

RIGHT,  in  Ceomelrj-,  something  that  lies  evenly  or 
equally,  without  incliniiig  or  beniting  one  way  or  another. 
Thus,  a  right-tiae  i$  that  whose  parts  all  tend  the  ^ame 
way.  In  this  seose,  right  means  the  same  as  straight,  as 
opposed  to  curved  ur  crouked. 

RiotiT-iJng/e,  isthat  which  one  line  makes  with  another 
upon  which  it  stands,  go  as  to  incline  ni^ilher  to  one  aide 
nor  the  other.  And  in  this  scn&e  the  word  right  stands 
opposed  to  oblique. 

l\\OHT-anglcd,  is  said  of  a  figure  when  its  sides  are  at 
right  angles  or  perpendiculur  to  each  other. — This  some- 
limes  hulds  ill  all  theangtes  of  [he  figure,  as  in  squares  and 
rectangles;  »ometinies  only  in  part,  as  in  right-angled 
triangles. 

Villi HT-ofigled  Triangle  in  Numbtrt.  It  was  a  favourite 
speculation  wiih  ihe  ancient  geometers,  to  express  nume- 
rically, or  in  integer  numbers,  the  sides  of  a  right-angled 
triangle.  The  rules  which  they  used  for  thatpurpose,  are 
equally  simple  and  ingenious.  In  symbols  they  are  briefly 
expressed  thus  ;  vii,  if  tidenete  any  odd  number,  above  I, 
then 

according  to  Pythagoras,  b,  and ,  and ,  or 

according  to  Plato,  2n,  and  n*  —  I.  and  n*  -i-  1, 
will  represent  the  three  sides  of  a  right-angled  triangle, 
the  last  term  being  the  faypothenuse.  In  the  second  of 
these  forms,  which  is  only  the  double  of  the  former,  n  may 
be  any  number,  above  1,  either  odd  or  even ;  in  the  for- 
mer n  must  be  an  odd  number,  to  give  integral  results. 
In  any  case,  the  resultsare  rational  at  least ;  and  the  pro- 
position is  manifest,  viz,  that  the  sum  of  the  squares  <of  the 
£rst  two  terms,  is  equal  to  the  square  of  the  third. 

Bui  a  more  general  ferm  of  the  same  property  is  eihi- 
bited  in  the  following  terms,  Smn,  m*  —  «',  and  nfi  +  n\ 
where  m  and  »  may  be  any  two  numbers  tak(D  at  plea- 
sure, so  as  that  m  be  greater  than  n.  And  by  taking  any 
particular  numbers  for  m  and  n,  an  endless  series  of  rij^ht- 
angkd  triangles,  in  rations),  or  even  in  whole  numbers, 
will  be  tho  result. 

Viela  employed  another  form  of  the  like  properties,  in 
his  curious  work.  Canon  Maihemoticus,  sen  ad  Triangu- 
la, in  which  the  three  sides  are  either  of  the  three  follow- 
ing forms : 


1"' 


'   im--^ 


'im' 


'I 


* M  ;  where  the  3d  or  last  term ,  in  each  of  tlie  three 

set),  denotes  the  hypothenusc  of  a  triangle,  and  the  two 
leading  terms,  the  base  and  perpenrlicular,  as  it  is  evident 
that,  in  rhera  all,  the  square  of  the  3d  terra  is  equal  to  the 
sum  ofthe  squares  of  the  Island  2d.  And  by  these  forms, 
Viela  computed  the  sides  of  4300  right-angled  triangles, 
in  rationnl  numbers,  and  arranged  them  in  tables.  See 
an  account  of  them  in  the  iniroiluclion  to  ray  Mathoma- 
ticalTables,  pa.  5andG;  or  in  my  Tracts,  vol.  I,  pa.  285. 
If  in  the  second  set,  C^n,  »*  —  1,  n'  +  1),  above  men- 
tioned, we  express  fractionwise  the  second  term  divided  by 


the  first,  thus,  — -— ,  and  expound  the  value  of  n  inp- 
cessively  by  the  number^  2,  3,  4,  5,  Stc,  we  shall  obtain 
a  sei'ies  of  Iructiuns,  of  which  the  numeratoT»  and  denomi- 
nators  will  be  the  Two  trss  sides  of  a  series  of  right-angled 
triangles,  in  whole  numbers. 

Or,  if  for  n  we  substitute  3fli  -t-  1,  the  aforesaid  frac 

tion  — ~ —  becomes =s  m  -t-  - — — — ,   in  th« 

form  of  a  mixt  number,  in  wKich  the  value  of  m  may  be 
any  number  whatever,  the  denominator  2m  +  1  denoting 
the  least  side,  Ihe  numerator  Sm*  -<-  2m  the  other  side,  ' 
and  Ihe  same  increased  by  1,  viz,  2in'  +  3m  -t- 1  the  hy- 
puihenuse.  So,  if  m  be  expounded  successively  by  the 
numbers  i,  2,  3,  4,  &c,'  the  series  of  fractions  will  be  f, 
y>  V*»V'^*^>  ^^^  denominators  being  the  least  sides, 
the  numerators  the  greater,  and  thpse  increased  by  1,  the 
hypoihenuses,  of  the  series  of  triangles.  Or  if  we  employ 
the  form  m  +  -— ^ — ,  the  same  numbers  1,  2,  3,  &c,  will 
give  the  mixed  numbers  1^,  2^,  5J,4|,  5^  6^j,  &c,  in 
which  the  law  of  continuation  is  manifest;  the  denomi- 
nator of  each  being  the  leiist  side,  the  integer  multiplied 
by  the  decominatuT  aiid  the  numerator  added  is  tha 
greater  side,  and  I  more  is  the  hypothenuse. 

Again,  if  instead  of  a,  ia  the  first  fraction ,  lj!e 

snbstituted  tm  -t-  2,  that  fraction  then  becomes 
4iii'  +  sm  +  a  4n  4-  3  „,..,.  , 
: — — ; ^  M  + -.     i  hen,  lakinz  for  m  suc- 

*«+J.  4111  +  *  '  * 

cessively  the  numbers  1,  3,  3,  4,  &c,  this  other  series  of 
mixed  numbers  results,  vii,  'i,  24^1,  3}i»  *i*.  5||'*5f> 
&c,  expressing  another  series  of  the  triangles,  in  the  same 
way  as  the  former  one. — And  in  like  manner  for  any  other 

Right  Cime,  Gflinder,  Pritm,  or  l^amid,  one  whosa 
axis  is  at  right-angles  to  the  base. 

RiGHT-tined  ^nglt,  one  formed  by  right  lines. 

RiOBT  Sine,  oiic  that  slauds  at  right-angles  to  the  dis- 
meter ;  as  opposed  to  versed  siiie. 

RiouTiSpAcre,  is  that  where  the  equator  cuts  thehorinn 
at  right-angles;  or  that  which  has  the  poles  in  the  horizon, 
and  the  equiuoctiol  in  the  aenith.  Such  is  the  poaiticn  oC 
the  sphere  with  regard  to  those  who  live  at  the  etjualor,  or 
under  the  equinoctial.  The  consequences. of  which  are; 
that  they  have  no  latitude,  nor  elevation  of  the  pole ;  they 
see  both  poles  of  the  world,  and  all  the  stars  rise,  culmi- 
nate and  set ;  also  the  sun  always  rises  and  descends  at 
right-angles,  and  make  their  days  and  nights  equal.  In  a 
fight  sphere,  the  horizon  is  a  meridian  ;  and  if  the  sphere 
be  supposed  to  revolve,  all  tfie  meridian^  successively  be- 
come horizons,  one  after  anolhei. 

Rig  11 T  Aicauion,  Detctmion,  Parallax,  &r.  See  tin 
respective  articles. 

Right  Circle,  in  the  Stereographic  Projection  of  tb« 
Sphere,  is  a  circle  at  right-angles  to  the  plane  of  projec- 
tion, or  that  which  is  projected  into  a  right  line. 

RlOHT  Sniliag,  is  that  in  which  avoyage  is  performed 
on  some  one  of  the  four  cardinal  points,  east,  west,  north, 
or  Kouth. — If  the  ship  sail  on  a  meridian,  that  is,  north  or 
south,  she  does  not  alter  her  longitude,  but  only  changes 
the  latitude,  and  that  just  as  much  as  the  number  of  de- 
grees she  hasrun.— Butif  she  sajlun  the  equator,  directly 
east  or  v^st.  she  varies  not  ber  latitude,  but  only  changes 
the  loiigitude,  snd  that  just  u  much  as  the  number  of  d<- 
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greeB  she  hu  nm.^^nd  if  slifl  lail  directly  CMt  or  west  poinb,  lake  awn  or  baaillet,  Kriung«tit  from  Ha  body  to  a 

upon  any  parallel,  she  agu'n  doe*  not  change  her  latitude,  right  line.     Hence,  at  in  subseqaent  obiervations  he  aU 

but  only  the  longitude  ;  yet  not  the  saine  as  the  itomber  ways  foUDd  the  tame  appearance,  he  concluded  that  S^ 

of  degrees  of  a  great  circle  ifae  has  sailed,  ai  on  the  equa-  turn  wai  encompassed  with  a  permanent  ring ;  and  ae- 

tor,  but  more,  accordii^  ■■  the  parallel  is  remoter  from  cordingly  produced  bis  New  System  of  Saturn,  in  l65<). 

the  equinoctial  towards  the  pule.     For  the  lew  any  paml-  It  was  however,  Galileo  who  first  discovered  that  the  figure 

tel  is,  the  greater  is  the  difference  of  longitude  answering  of  Saturn  was  not  round. 

tp  the  distance  run.  Huygeni  cstimatei  the  space  between  the  globe  of  5a- 

KIGIDITY,  a  brittle  hardness ;  or  that  kind  of  hard-  turn  and  the  ring  as  equal  to  the  breadth  of  the  ring,  or 

nets  whkh  is  aoppotrd  to  arise  from  the  mutual  indenta-  rather  more,  being  about  23000  milei  broad ;  and  the 

tjonnf  tbe  component  particles  within  one  another.     Bigi-  greatest  diaaeter  of  the  ring,  in  proportion  to  that  of  the 

dhr  is  oppo3)-d  to  ductility,  malleability,  Btc,  globe,  as  9  to  4.     But  Mr.  Pound,  by  en  excellent  nicro- 

RING,  in  Geometry,  is  a  figure  returning  into  itself,  meter  applied  to  tbe  Huygenian  glass  of  133  feet,  deter- 
tbe  axis  being  bent  round  into  a  circular  form. — This  is  mined  this  proportion;  more  exactly,  to  be  as  7  to  3. 
either  plane  or  solid.  In  thk  former. case,  it  is  the  space  Observations  have  also  determined,  that  tbe  plane  of  the 
or  figure  contained  between  tbe  cirtrumferences  of  two  con-  ring  is  inclined  lo  the  plane  of  the  ecliptic  in  an  angle  of  . 
centric  circles.  In  tbe  latter,  or  solid  ring,  it  resembles  SOdegrees;  that  the  ring  pmbably  turns,  to  the  direction 
a  cylinder,  or  other  prism,  bent  round  into  a  circular  of  its  plane,  round  its  axis,  because  when  it  is  almost  edge- 
form.  And,  in  either  of  them,  the  transverse  section,  per-  wise  to  us,  it  appears  rather  thicker  on  one  nide  of  nie 
pendicular  to  the  axis,  is  the  same  quantity  ;  in  the  plane  pluiet  than  on  the  other  ;  and  tbe  thickest  e<lge  has  been 
ring,  it  is  the  same  line,  or  dilfcrence  of  the  two  radii;  in  seen  on  different  sides  at  different  times:  the  sun  shines 
tiie  solid  ring,  it  is  tbe  same  plane  figure.  alnest  15  of  our  years  together  on  one  side  of  Saturn's 
'  For  the  locasores  of  tbe  surface  and  solidity  of  Hnat,  ■ring  without  setting,  and  as  long  on  the  other  in  its  turn'} 
multiply  tbe  axis  by  tbe  transverse  section  perpendicular  so  diat  the  ring  is  visible  to  the  inhabitants  of  that  planet 
to  it.     See  my  Mensuration,  pa.  1 10  and  194,  edit.  4.  for  s^ost  15  of  our  years,  and  as  long  invisible,  by  turns, 

RiKG,  in  AstronoBly  and  Navi^tion,aninstrumesitused  if  its  axis  has  no  inclination  to  its  ring;  but  if  the  axis 

for  taking  the  sun's  ^titude  &c.     It  is  usually  of  brass,  of  the  planet  be  inclined  to  tbe  ring,  ex.  gr.  abont  30  de- 

•bout  9  inches  di an eter,  suspended  by  a  little  swivel,  at  greesy  the  ring  will  appear  and  disappear  once  crery  iwtu- 

tbe  distance  of  45°  from  tbe  point  of  which  is  a  perfiira-  ral  day  to  all  Ae  inbahitants  within  30  degrees  of  the 

tion,  which  is  the  centre  of  a  quadrant  of  90°  divided  in  equator,  on  both  sides,  frequently  eclipsing  tbe  sun  ill  a 

the  inner  concave  lurface.  Satumian  day.     Moreover,  if  Saturn's  axis  be  so  inclined 

To  Use  it,  let  it  be  held  up  by'  tbe  swivel,  and  turned  to  his  ring,  it  is  perpendicular  to  his  orbit ;  by  which  the 

round  to  the  sun,  till  bis  rays,  falling  throogh  the  hole,  inconvmieiKe  of  diflereotseasosBlo  thatplanecis  avoided. 

m^e  a  spot  among  tbe  degrees,  which  urarks  the  altitude  Tbii  ring,  seen  from  Saturn,  appears  like  a  large  lumi- 

required.    This  instrument  is  preferred  to  the  astrolabe,  nons  arch  in  tbe  heavens,  as  if  it  did  not  belong  to  tbe 

because  the  divisions  are  here  larger  than  on  that  iastru-  planet, 

ment.  When  we  see  the  rn^  moat  open,  its  shadow  upon  the 

RiHG,  of  Satam,  is  a  thin,  broad,  opaque  ciicnlar  planet  is  broadest;  and  from  that  time  tbe  shadow  grows 

«rcb,  encompasaiag  the  body  of  ibat  planet,  'Hke  the  narrower,  as  the  ring«ppears  to  do  to  bt;  until,  by  8a- 

wooden  horisiin  of  an  artificial  globe,  without  toacbing  it,  turn's  annnal  motion,  tbe  wm  comes  to  the  plane  of  the 

#Dd  appearing  doable,  wtken  seen  through  a  good  telescope,  ring,  or  even  with  its  edge;  which,  beii^  then  directed  to* 

This  ring  was  first  discovered  by  Huygens,  who,  after  wards  ns>  becomes  invtsibte,  on  account  of  itathinDca. 
ftequent  obaeryatimi  of  the  planet,  perceived  two  lildd 


The  phenomena  of  Saturn's  rii^  are  illustrated  bya  earfh;  and  as  neitVi*  of  its  sides  is  illuminated,  it  is  invt- 

iriftw  of  this  figure.     Let  s  be  the  sun,  AiCDxroit  Sa<  aibleto  ub,  because  its  edge  is  too  thin  to  be  perceptible; 

turn's  o^bi^  and  iklhno  the  earth's  orbit.     Both  Saturn  and  Saturn  appears  again  as  if  he  had  lost  bis  ring.     But 

and  the  earth  move  according  to  ibe  order  of  the  letters ;  as  be  goes  from  e  to  o,  his  ring  opens  more  aud  more  to 

and  when  Saturn  is  at  a,  his  ring  is  turned  edgewise  to  the  our  view  on  the  under  side;  and  seems  just  as  open  st  a 

sun  B,  and  he  is  theu  seen  from  the  earth  as  if  be  bad  loat  as  it  was  at  c,  and  may  be  seen  in  tbe  night-time  from  the 

■  kis  ring,  let  the  earth  be  in  any  part  of  its  orbit  whatever,  earth  in  any  part  of  ita  orbit,  except  about  m,  when  the 

sxeapt  between  M  and o  ;  forwhileit  describes  thatspace,  sun  hides  the  planet  from  our  view. 
Satnm  is  apparently  so  near  the  -sun  as  to  be  hid  in  hii         As  Saturn  goes  from  a  to  a,  his  ring  turns  more  and 

beams.     As  Saturn  goes  from  a  to  c,  his  ring  appears  more  more  edgewise  lo  us,  and  therefore,  it  seems  to  be  oar- 

mnd  more  open  to  the  earth ;  at  c  the  ring  appears  moat  rower ;  till  at  a  it  quite  disappears  as  before.     Hence, 

open  ;  but  seems  to  become  more  aud  more  narrower  as  while  Saturn  goes  from  a  to  e,  the  sun  shines  on  the  up- 

Satnro  ffjOB  from  c  to  a ;  and  wben  arrived  at  ibis  point  per  aide  of  his  ring,  and  the  under  side  is  dark ;  and  whue 

the  riag  is  again -turned  edgewise  both -to  the  sun  tad  be  goes  from  Eto«,thesuoshinesontheunder  side  of  bis 
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ring,  KDd  the  upper  tide  is  dark.  The  riag  disappears 
twice  in  every  annual  revolution  of  Sittuni,  viz,  wben  he 
is  in  the  ipih  degree  of  Pisces  and  of  Virgo,  and  vfben 
Saiurn  is  in  ihe  middle  brtween  these  points,  or  in  the  l(>tb 
degree  either  of  Gemim  or  of  Sagiilarius,  his  ring  ap- 
pears most  open  to  us ;  and  then  its  longest  diameter  is  to 
its  shortest,  as  p  ip  4.     rergusoo's  Astr.  sect.  204. 

There  arc  various  bypoiheacs  concerning  this  ring. 
Kepler,  in  his  Epilom.  Aslron.  Copcrn.,  and  after  him  Dr. 
HaJIcy,  ill  hii  Eii({uiry  into  the  Causes  of  the  Variation  of 
the  Needle,  Phil.  Trans.  No.  195,  supposes  our  earth  may 
bo  composed  of  several  crusts  or  shells,  one  within  mio- 
ther,  and  concentric  to  each  other.  If  this  be  the  case,  it 
is  possible  the  ring  of  Saturn  may  be  the  fragment  or  re- 
mainitig  ruin  of  his  formerly  exterior  shell,  the  rest  of 
which  js  broken  or  fallen  do«n  upon  the  body  of  the 
planet.  And  somejiave  supposed  tbat  the  ring  may  be  a 
congeries  or  series  of  moons  revolving  about  the  plaqel. 

Later  obtervalinns  have  thrown  much  more  light  on  this 
curious  phenomenon,  especially  respecting  its  dimensions, 
and  rolannn,, and  division  intii  two  or  more  parts.  I^- 
lande  and  Laplace  say,  that  Cassi^i  saw  the  breadth  of  the 
ring  divided  into  two  separate  partsthat  are  equal,  or 
nearly  to.  Mr.  Short  assured  M.Lalande,  that  he  had 
seen  maiiydivisiuns  on  the  ring,  with  his  12  feet  telescope. 
And  Mr,  Hadlcy,  with  an  ixcellent  54  feel  reflector,  saw 
the  ring  divided  into  two  parts.  Several  excellent  theories 
have  been  given  in  the  French  Memoirs,  particularly  by 
Laplace,  contending  for  the  division  of  the  ring  into  many 
parts.  But  finally,  the  observations  of  Dr.  Herschel,  in 
several  volumes  of  the  Pbilos.  Trans.,  seem  to  confirm  the 
division  into  two  concenliic  parts  only.  The  dimensions 
of  these  two  rings,  and  the  space  between  them,  he  states 
in  the  following  proportions  to  each  other.  x 

Inner  diam.  of  smalkr  ring        •         •     14634^  milea. 
Outside  diam.  of  ditto  -  -     1S4S93 

Inner  diam.  of  larger  ring  -         -     1Q0348 

Outside  diam.  of  ditto  -  -     904-883 

Breadth  of  ibc  inner  ring  •  -      30000 

Breadth  of  the  outer  ring         -  -        7200 

Breadtii  of  the  vacant  space         -         -  3839 

King  revolves  in  its  own  plane,  in  10*  3^  ]5''-4. 
So  that  the  outside  diameter  of  the  larger  ring  is  almost  36 
times  the  diameter  of  the  earth. 

Dr.  Herschel  adds,  "  Some  theories  and  obserta- 
tiom,  of  other  persons,  lead  us  to  consider  the  question, 
whether  the  construction  of  this  ring  is  of  a  nature  so  as 
permanently  to  remain  in  its  present  stale  1  or  whether  it 
be  liable  to  continual  and  frequent  changes,  in  such  a  ' 
manner  as  in  the  course  of  not  many  years,  to  be  seen  sub- 
divided into  narrow  slips,  and  then  again  as  united  into 
one  or  two  circular  planes  only.  Now,  v-ithout  entering 
into  a  discussion,  the  mind  seems  to  revolt,  eveti  at  first 
sight;  against  an  idea  of  the  chaotic  state  in  which  so 
large  a  mass  as  the  ring  of  Saturn  must  needs  be,  if  phe- 
nomena like  these  can  be  admitted.  Nor  ought  we  to  in- 
dulge a  suspicion  of  this  being  a  reality,  unless  repeated 
and  well-contirmed  observations  bad  proved,  beyond  a 
doubt,  that  this  ring  was  actually  in  so  fluctuating  a  con- 
dition." But  from  his  okvn  observations  he  concludes, 
"  It  does  not  appear  to  me,  that  there  is  a  sufficient  gound 
for  admitting  the  ring  of  Saturn  to  be  of  a  very  change- 
able nature;  and  I  guess  that  its  phenomena  will  hereafter 
be  so  fully  explained,  as  to  reconcUe  all  observations.  In 
the  mean -while,  we  must  withhold  a  final  Judgment  of  ilt 
Vol.  II. 
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construction,  till  we  can  have  more  observatioiu, '  Its  di- 
vision however  into  two  very  unequal  parts,  can  admit  of 
nodoubt."  ^eePhilos.  Trans,  vol.SO,  p».4,  481  fee,  and 
the  vol.  for  1792,  pa.  1  &c,'also  Hist,  de  I'Acad.  det 
Scienc.  de  Paris,  1787",  pa.  249  &c. 

Rings  qf  CoIquti,  in  Optics,  a  phenomenon  first  ob- 
served in  thin  plates  of  various  substances,  by  Boyle,  and 
Hooke,  but  afterwards  more  fully  explained  by  Newton, 

Mr.  BoyU-  having  exhibited  a  variety  of  colours  in  co- 
lourless liquors,  by  shaking  them  till  they  rose  in  bub- 
bles, as  well  as  in  bubblus  uf  soap  and  water,  and  also  tn 
tuqjentine,  procured  glass  blown  so  thin  as  to  exhibit 
similar  colours;  and  he  observes,  that  a  feather  ot  a  proper 
shape  and  si^c,  and  al:o  a  black  ribband^  held  at  a  proper 
distance  between  his  eye  and  the  sun,  showed  a  variety  of 
little  rainbows,  as  be  calU  lliem,  with  very  vivid  colours. 
Boyle's  Works  by  Siiaw,  vol.  2,  pn.  70.  Dr.  Hooke,  about 
nine  years  after  the  publication  of  Mr.  Boyle's  Treatise  on 
Colours,  exbibiied  the  coloured  bubbles  of  soap  and  water, 
and  observed,  that  though  at  fiist  it  appeared  while  and 
clear,  yet  as  the  film  of  water  became  thinner,  there  ap- 
peare.d  upon  it  all  the  colours  of  the  rainbow.  He  also 
described  the  beautiful  colours  that  arc  seen  in  thin  plates 
t)f  Muscovy  glass;  which  appeared,  through  the  micro- 
scope, to  be  ranged  in  rings  surrounding  the  white  specks 
or  flaws  in  them,  and  with  the  same  order  of  colours  as 
those  of  the  rainbow,  and  which  were  often  repeated  ten 
times.  lie  also  took  two  thin  pieces  of  glass,  ground 
plane  and  polished,  and  putting  them  one  upon  another, 
pressed  them  till  there  began  to  appear  a  red  colouretl 
spot  in  the  middle;  and  pressing  them  closer,  he  observed 
several  rings  of  colours  encompassing  the  first  place,  till, 
at  last,  all  the  colours  disappeared  out  of  the  middle  of 
the  circles,  and  the  central  spot  appeared  while.  The 
first  colour  that  appeared  was  red,  then  yellow,  then  green, 


immediately  next  to  the  purple;  and  the  last  colour  that 
appeared  before  the  white  was  blue ;  so  that  it  began  with 
red,  and  ended  with  purple.  These  rings,  hesays,  would 
change  their  places,  by  changing  the  position  of  the  eye,  . 
so  that,  the  glasses  rentaining  the  same,  tbat  part  which 
was  red  )n  one  position  of  the  eye,  was  blue  in  a  second, 
green  in  the  third,  &c.  Birch's  Hist,  of  the  Royal  So- 
ciety, vol.  3,  pa.  54. 

Newton,  having  demonstrated  that  every  different  colour 
consists  of  rays  which  have  a  di&i;rent  and  specific  degree 
of  refrangibility,  and  that  natural  bodies  appear  of  tbis  or, 
that  colour,  according  to  their  disposition  to  reflect  this 
or  that  species  of  rays  {see  Coloub),  pursued  the  hint 
suggested  by  tKe  experiments  of  Dr.  Hooke,  alrendy  re- 
cited, ^nd  casually  noticed  by  himself,  with  regard  to  thin 
transparent  substances.  On  compressing  two  prisms  hard 
together,  in  order  to  make  their  sides  touch  one  another, 
he  observed,  that  in  the  place  of  contact  they  were  per* 
fectly  transparent,  which  appeared  like  a  dark  spot,  and 
when  it  was  looked  through,  it  seemed  Itfce  a  hole  in  that 
air,  which  was  formed  into  a  thin  plate,  by  being  im- 
pressed between  the  glasses.  When  this  plate  of  air,  by 
turning  the  prisms  about  their  common  axis,  became  so 
little  inclined  to  the  incident  rays,  that  some  of  them  be- 
gan to  he  transmitted,  there  arose  in  it  many  slender  arcs 
of  colours,  which  increased,  as  (he  motion  of  jhe  prisms 
was  coBtinued,  and   bended  more  and  more  about  thfe 
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tranaparcDt  ipot,  titl  they  were  completci]  into  circles,  or  spccntnm,  concsve  on  one  lide,  and  eonVex  on  the  otbef,    ' 

rings,  turroatidiDg  it ;  and  afMm&rdb  they  became  con-  and  quicliiilTered  over  on  the  convex  side,  the  rays  go 

tinually  more  and  more  cuDtracted,  through  the  plate  and  retnm  before  they  are  alternately 

By  another  experiment,  witli  two  object-glMses,  he  was  reflected  and  transmitted.     Newton's  Optics,  pa.  169,  &c. 

enabli-d  to  observe  diMtncily  the  order  and  qaality  of  iHe  or  Newloni  Opera,  Honle/s  edit,  vol  4,  pa.  i'2i,  &G. 

coloun  from  tbu  central  spot,  to  a'very  considerable  dis-  p.  184,  &c. 

(ance.  Next  to  the  pellucid  central  spot,  made  by  the  The  abb^  Maxeas,  in  his  experiments  on  the  rings  of 
contact  of  the  glasses,  succeeded  blue,  white,  yellow,  and  coloart  that  appear  in  thin  plates,  has  discovered  several 
red.  The  next  circuit  immediately  surrounding  these,  importaot  circumstances  attending  them,  which  were  over- 
consisted  of  violet,  blue,  green,  yellow,  and  red.  The  looked  by  the  sagacious  Newton,  and  which  tend  to  inva- 
third  circle  uf  colours  was  purple,  blue,  green,  yellow,  lidale  his  theory  for  expltuaing  them.  In  rubbing  the 
and  red.  The  fourth  circle  consisted  of  green  and  red.  flat  side  of  an  object-glass  against  another  piece  of  flat  and 
All  the  succeeding  colours  became  more  and  more  imper-  smooth  glass,  he  found  that  they  adhered  very  firmly  to- 
fecl,  till,  after  three  or  four  revolutions,  they  ended  in  gethcTafter  this  frictioD,  and  that  the  same  colours  were 
perfect  whiteness.                 '  exhibited  between  these  plane  glasses,  which  Newton  had 

When  these  rings  were  examined  in  &  darkened  ro«m,  observed  between  the  convex  object-glass  of  a  teleticope, 
1^  tlie  coloured  light  of  a  prism  cast  on  a  sheet  of  white  ,  and  another  that  was  plane  ;  anil  that  ihe  colours  we're  in 

pa))er,  tbcy  became  more  distinct,  and  visible  to  a  far  proportion  to  their  adhesion.    When  the  surfaces  of  pieces 

greater  number  than  in  the  open  air.     He  soiQetimes  saw  of  glass,  thataretransparentand  well  polished,  are  equally 

more  than  twenty  of  them,  .whereas  in  the  open  air  he  pressed,  a  resistance  will  be  perceived ;  and  wherever  this 

could  not  discern  above  eight  or  nine.  is  felt,  two  or  three  very  fine  curve  lines  will  be  discovered, 

Prom  other  curious  observations  on  these  rings,  made  some  <^  a  pale  red,  and  others  of  a  feint  green.     If  the 

by  different  kinds  of  light  thrown  upon  them,  he  inferred,  friction  be  continned,  the  red  and  green  lines  increase  in 

that  the  thicknesses  of  the  air  between  the  glosses,  where  number  at  the  place  of  contact ;  the  colours  being  some- 

the  rings  are  successively  made,  by  the  limits  of  the  seven  times  mixed  without  any  order,  and  sometimes  disposed 

colours,  red,  orange,  yellow,  green,  blue,  indigo,  and  violet,  in  a  regular  manner ;  in  which  case  the  coloured  lines  are 

in  order,  are  one  to  another  as  the  cube  roots  of  the  squares  generally  concentric  circles,  or  ovals,  more  or  less  elon- 

of  ihe  eight  lengths  of  a  chord,  which  sound  the  notes  in  gated,  as  the  surfaces  are  more  or  less  united, 

an  octave,  sol,  la,  h,  sol,  la,  mi,  fa,  sol ;  that  is,  as  the  When  the  colours  are  formed,  the  glasses  adhere  with 

cilbe  roots  of  the  squares  of  the  numbers  1 ,  \,  \,  i,  f ,  -f-i  considerable  force ;  but'  if  the  glasses  be  separated  sud- 

^, -J-'    Tbese  rings  appeared  of  thatprismatic  colour,  with  denly,  the  colours  will  appear  immediately  upon  their 

which  they  were  illuminated,  antj  by  projecting  the  pris-  being  pat  together,  without  tie  least  friction.     Beginning 

matic  colours  immediately  upon  the  glasses,  he  found  with  the  slightest  touch,  and  increasing  the  pressure  by 

that  the  light,  which  fell  on  the  dark  spaces  between  the  insensible  degrees,  there  first  appears  an  oval  plate  of  a 

coloured  rings,  vet  transmitted  through  the  glasses  with-  faint  red,  and  in  the  centre  of  it  a  spot  of  light  green, 

'  out  ai^  change  of  colour.'    From  this  circumstance  he  which  enlarges  by  the  pressure,  and  becomes  a  green  oval, 

thought  that  the  origin  of  these  rings  is  m&rtifest ;  hecanse  with  s  red  spot  in  the  centre ;  and  this  enlarging  in  its 

the  air  between  the  glasses  is  disposed  according  to  its  turn,  discover?  a  green  spot  in  its  centre;     Thus  the  red 

various  thickness,  in  some  places  to  reflect,  and  in  others  and  green  succeed  one  another  in  turns,  assuming  different 

to  transmit  tlie  light  of  any  particular  colour,  and  in  the  shades,  and  having  other  colours  mixed  with  them.     The 

same  place  to  reflect  that  of  one  colour,  where  it  trans-  greatest  difference  between  these  colours  exhibited  betAeen 

aits  that  of  another.  plane  surfaces,  and  those  by  curve  ones,  is,  that,  in  the 

In  examining  the  phenomena  of  colours  made  by  a  former,  pressure  alone  will  not  produce  them,  except  in 

denser  medium  surrounded  by  a  rarer,  such  as  those  the  case  above-mentioned. 

which  appear  in  plat^  of  Mutcovy  g^ast,  hubbies  of  soap  '       In  rubbing  together  two  pris'ms,  with  very  small  re-' 

and  water,  &c,  the  colours  were  found  to  be  much  more  frvcting  angles,  which  were  joined  so  as  to  form  a  paral- 

rivid  than  the  others,  which  were  made  with  a  rarer  me-  lelopiped,  the  coloun  appeared  with  a  surprising  lostre  at 

<liam  surrounded  by  a  denser.  the  places  of  contact,  and  diflerently  coloured  ovals  ap* 

From  the  preceding  phenomena  it  is  an  obvious  dedoc-  peared.     In  the  centre  there  was  a  Mack  spot,  bordered 

tion,  that  the  transparent  parts  of  bodies,  according  to  by  a  deep  purple ;  next  to  this  appeared  violet,  blue, 
their  several  series,  refTect  rays  of  one  colour  and  transmit  ,  orange,  red  th^ed  with  purple,  light  green,  and  faint 

thoteof  another  ;  on  the  soma  ^count  that  thin  plates,  purple, 

or  bubbles,  reflect  or  tttmsmit  those  rays ;  and  thij  New-  The  other  ring^  appeared  to  the  naked  eye  to  consist  of 

ton  supposed  to  be  the  reason  of  all  their  coloun.    Hence  nothing  but  faint  reds  and  greens.     When  these  coloured 

also  he  has  inferred,  ihat  the  size  of  those  component  glasses  were  suspended  over  the  flnme  of  a  candle,  the 

parts  of  natural  bodies  that  affect  the  light,  nay  be  con-  colours  disappeared  suddenly,  though  they  still'  adhered ; 

jectured  by  their  colours.    SeeCoi,otrK,and  RBPLBcnoir.  but  being  sufliered  to  cool,  the  colours  returned  to  their 

Newton,  pursuing  his  discoveries  concemJngthe  colbttrs  former  places,  in  the  same  order  as  before.     At  first  the 

of  thin  substances,  found  that  the  same  were  also  pro-  ahb^  ftlszeas  had  no  doubt,  but  that  these  colours  were 

dnced  by  plates  of  a  considerable  thickness,  divtubleinto  owing  to  a  thin  plate  of  air  between  the  glasses,  to  which 

lesser  thicknnse*.    The  rings  formed  in  both  coses  have  Newton  has  ascribed  them  ;  but  tie  remarkable  difference 

the  sameori^n,  with  this  difference,  that  those  of  the  thin  in  the  circumstances  attending  those  produced  by  the  flat 

plates  are  made  by  the  alternate  reflections  and  transmit  plates  and  those  produced  by  the  object-glasses  of  Newton, 

sions  of  the  rays  at  the  second  surface  of  the  plate,  after  convinced  him  that  tfa^r  was  not  the  cause  of  this  ap- 

•ne  jMSMge  tbroug)i  it ;  but  that,  in  the  case  of  a  glon  petiance.    The  colours  of  the  flat  plates  vanished  at  tfa« 
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approach  of  flame,  but  those  of  tho  object-glaim  did  not.  Hiereara  tltree  poetical  kinds  of  rising  of  the  itan.  See 
No[  was  this  di&rence  owing  to  the  plane  glasses  being  Ackovical,  CosMiCAL.and  Hkliacal. 
less'  comprcued  tban  the  convex  ones;  for  though  the  RITTIi^N HOUSE  (Dr.DAViD),  Presidentof  the  Ame-  . 
former'  were  compreiied  ever  so  much  by  a  pair  of  for-  ricun  Philosophical  Society,  died  July  10,  i79G>  in  the 
ccps,  it  did  not  in  the  least  hinder  the  efiect  of  the  flame,  64-ih  year  of  his  age.  He  was  a  native  of  Pennsylvania ; 
He  (hen  put  both  the  plane  glasses  and  the  convex  ones  and,  in  the  early  partof  lifc,mixed  the  punuils  of  scieuca 
into  the  receiver  oi  an  air-puinp,  suspending  the  former  with  the  active  employments  of  farming  and  watch-malc- 
fay  a  thread,  and  keeping  the  iaiter  compressed  by  two  ii^*  In  1769,  he  was  invited  by  the  American  Pbiloso- 
atringi ;  but  he  observed  no  cfaaage  in  the  coloon  of  phtcal  Society,  in  association  with  other  gentlemen,  for 
either  of  them,  in  the  most  perfect  VKCoura  that  he  could  making  astronomical  observations,  particularly  of  thfe 
make.  Suspecting  still  that  th^  air  adhered  to  the  sur-  transit  of  Venus,  diat  year ;  when  he  greatly  distinguish- 
face  of  the  glasses,  so  as  jiot  to  be  separated  from  them  ed  himseif  by  tbe  accuracy  of  his  observations  and  cal- 
by  tbe  force  of  tbe  pump,  he  had  recourse  to  other  ex-  culations.  He  afterwards  constructed  an  ubservatoryf 
perimeiits,  which  rendered  it  still  more  improbable  that  which  he  supetintended  in  person,  and  which  became  tbe 
the  air  sheuld  be  the  cause  of  these  colours.  Having  source  of  many  important  discoveries,  ns  well  as  greatly 
laid  the  coloured  plates,  after  warming  them  gradually]  tended  to  ihc  general  diffusion  of  science  in  the  western  ' 
on  burning  coals ;  and  thus,  when  they  were  nearly  red,  world.  During  the  American  war  he  was  an  active  as- 
rubbing  them  together,  he  observed  the  same  coloured  terter  of  tbe  cause  of  independence,  j^fter  the  conclu- 
circlet  and  ovals  as  before.  When  be  ceased  to  press  sion  of  the  peace,  be  successively  filled  the  offices  of  trea- 
upon  them,  the  colours  seeined  to  vanish  ;  but  they  n-  surer  of  the  stata  of  Pennsylvania,  and  director  of  the  na» 
tunxtd,  as  he  renewed  the  fricdon.  In  order  to  deter-  tional  mint.  He  succeeded  the  illustrious  Franklin  in  the 
mine  whether  the  colours  were  owing  to  the  thickness  of  office  of  President  of  the  Philosophical  Society ;  \  situa- 
some  matter  inEerposed  between  the  glasses,  he  rubbed  tion'which  the  bent  of  his  mind,  uid  the  course  of  his 
them  together  with  suet  and  other  soft  substances  be-  studies,  had  rendered  him  eminently  adequate  to  fill.  To- 
tween  them  ;  yet  4iis  endeavour  to  produce  the  coloun  wards  the  close  of  his  lifii  he  had  retired  from  active  oc- 
had  no  eSect.  However  by  continuing  the  friction  with  cupations.  He  was  the  author  of  several  excellent  papers, 
some  degree  of  violence,  he  observed,  that  a  candle  «p-  chiefly  on  astronomical  subjects,  inserted  in  the  Transac- 
peared  through  ihem  encompassed  with  two  or  three  eon-  tions  of  the  American  Philosophical  Society, 
centric  greens,  and  with  a  lively  red  inclining  to  yellowi  RIVER,  in  Geography,  a  stream  or  current  of  fresh 
and  a  green  like  that  of  an  emerald,  and  at  length  the  water,  flowing  in  a  bed  or  channel,  from  a  source  or 
rings  assumed  the  colours  of  blue,  yellow,  and  violet,  spring,  into  the  sea. — When  thestream  is  notlargeenough 
The  abb^  was  thus  confirmed  in  his  opinion  that  there  to  bear  boats,  or  small  loaden  vessels,  it  is  properly  called 
must  be  some  error  in  Newton's  hypothesis,  by  consider-  by  the  dimiDUlivc,  Rivulet  or  Brook ;  but  when  it  is  con- 
ing that,  according  to  his  measures,  (he  colours  of  the  siderable  enough  to  carry  larger  vessels,  it  is  called  bj 
plates  varied  with  tbe  difference  ofa  millionth  part  of  an  the  general  name  BJver. — Rivulets  have  their  rise  some- 
inch  ;  whereas  ho  was  satisfied  that  there  must  have  been  times  from  great  rains,  or  great  quantities  of  Aawed 
much  greater  diffifrences  in  the  distance  between  his  snow,  especially  in  mountainous  places ;  but  they  more 
glasses,  when  the  colours  remained  unchanged.  From  usually  arise  from  springs.— Eti vers  themselves  all  arise 
other  experiments  he  concluded,  that  the  plate  of  water  either  from  the  continence  of  several  rivulets,  or  from, 
iittroduced  between  the  glasses  was  oot  the  cause  of  their  lakes. 

colours,  as  Newton  apprehended  ;  and  that  the  coloured         RiriK,  in  Physics,  denotes  a  stream  of  water  running 

rings  could  not  be  owing  to  the  cimpression  of  the  glasses,  by  its  own  gravity,  from  the  more  elevated  parts  of  the 

After  all,  he  adds,  that  the  theory  of  light,  thus  reflected  earth  town^s  the  lower  parts,  in  a  natural  bed  or  chan- 

froro  thin  plates,  is  too  delicate  a  subject  to  be  completely  nel  open  above. — When  Ae  channel  is  artificial,  or  cut  bj 

ascertained  by  a  »mal\  uamber  of  observations.     Berlin  art,  it  is  called  a  canal ;    of  which  there  are  two  kinds, 

M»i.fori752,  orMeraoiresPiesentes,  vol.g,  pa.sa — 13.  vis,  that  whose  channel  is  every  where  open,  without 

M.  du  Tour  repeated  the  experimenta  of  the  abbe  Maieas,  sluices,  called  an  artificial  river,  and  that  whose  water  is 

and  added  some  observations  of  his  own.    See  Mem.  Pres;  kept  up  and  let  off  by  means  of  sluices,  which  is  properly 

vot.4,  PB.2SS.  a  canal. 

Musschenbroeck  is  also  of  opinion,  that  the  colours  of        Modem  philosophers  endeavour  to  rednce  the  motioa 

thin  plates  do  not  depend  .upon  the  air;    but  as  to  the  and  flux  of  rivers  to  precise  laws;  and  with  this  vi^-w  they 

cause  of  them,  he  acknowl«)ge«  that  be  could  not  satisfy  have  applied  geometry  and  mechanics  to  this  subject;  so 

himself  about  it.     Introd.  ad  Phil.  NaL  vol.  2,  pa,  738.  that  the  doctrine  of  rivers  is  become  a  part  of  the  new 

See  on  this  subject  Priestley's  HisL  of  Light,  &c,  per.  6,  philosophy.    The  authors  who  have  most  distinguished 

sect.  5,  pa.  49s,  &c.  themselves  in  this  branch,  are  the  Italians,  die  French, 

For  an  account  of  the  rings  of  colours  produced  by  and  the  Dutch,  but  especially  tbe  first,  and  among  ibent 

,  electrical  explouonS,  see  GoLOuas  <if  Natural  Boditi,  more  particularly  Gulielmini,  and  Ximenes. 
CiRCDLAE  %Kf,  and  Faibt  Ctnla.  Rivers,  says  Oulielmini,  usually  have  their  sources  in 

RISING,  in  Astronomy,  the  appearence  of  the  sun,  or  mountains  or  elevated  grounds ;  in  the  descent  from  which 

a  star,  or  other  luminary,  above  the  horison,  which  be^  it  is,  that  they  mostly  acquire  the  velocity,  or  acceleia- 

fore  was  hid  beneath  it.     By  reason  of  the  refraction  of  tiob,  which  maintain*  their  fbture  current.     In  propop- 

the  atmosphere,  the  heavenly  bodies  always  appear  to  rise  tion  as  they  advance  farther,  this  velocity  diminish*,  on 

before  their  time ;  that  is,  they  are  seen  above  the  hori-  account  of  the  continual  friction  of  tbe  water  against  the 

BOD,  while  thej  are  really  below  it,  by  about  33'  of  a  bottom  and  sides  of  the  channel ;  as  also  from  the  various 

denee.  obsiachi  they  meet  with  in  their  progress,  and  IVwu  their 
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Kriiriug  at  length  in  plains  wherethedMcentislen.  Tbiu 
the  Reno,  a  river  in  luly,  wuich  he  says  gave  occasion, 
in  some  measure,  to  his  speculations,  is  found  to  have 
near  its  mouth  a  declivity  of  scarce. 52  seconds,  being 
only  1  foot  in  4000. 

When  the  acttiiirtd  velocity  Is  quife  spent,  by  means  of 
the  many  obstacles  tliat  the  water  meets  with,  so  that  the 
current  becomes  liorizontal,  there  will  then  remain  no- 
thing to  propagate  the  motion,  and  continue'  the  stream, 
but  the  depth,  or  the  perpendicular  pressure  of  the  water, 
which  is  always  proporlionul  to  the  depth.  And,  hap- 
pily for  us,  this  resource  increases,  as  the  occasion  for 
it  increases)  fur  in  pruportion  as  the  water  lo«es  of  the 
velocity  acquired  by'  the  descent,  it  rises  and  increases  in 
its  depth. — It  appears  from  the  laws  of  motion  pertaining 
to  bodies  moving  on  inclined  planes,  that  when  water 
flows  freely  upon  an  inclined  bed,  it  acquires  a  velocity, 
which  is  always  as  the  square  root  of  the  quantity  of 
descent  of  the  bed.  But  in  an  hui;i2ontal  bed,  opened  by 
sluices  or  othrrwise,  at  one  or  both  ends,  the  water  flows 
out  by  its  gravity  alone. 

Tht  upper  parts  of  the  water  of  a  river,  and  those  at 
a  distance  from  the  hanks,  may  ciintinue  to  flow,  from 
the  simple  cause  or  principle  of  declivity,  how  small 
soever  it  be ;  for  not  being  detained  by  any  obstacle,  the 
minutest  difference  of  level  will  have  its  eflcct ;  but  the 
lower  parti,  which  roll  along  the  bottom,  will  scarcely  be 
sensible  of  so  small  a  declivity ;  and  will  only  have  what 
motion  they  receive  from  the  pressure  of  the  superincum- 
bent waters. — The  greatest  velocity  of  a  river  is  about  the 
middle  of  its  depth  and  breadth,  or  that  point  which  is 
the  farthest  possible  from  the  surface  of  the  water,  anil 
from  the  bottom  and  sides  of  the  bed  or  channel.  Where- 
as, on  the  contrary,  the  least  velocity  of  the  water  is  at 
the  bottom  and  sides  of  the  bed,  because  there  the  resist- 
ance arising  from  friction  is  the  greatest,  which  is  com- 
municated to  the  other  parts  of  the  section  of  the  river 
inversely  as  the  distances  from  the  bottom  and  sides.^ 
To  find  whether  [he  water. of  a  river,  almost  horizontal, 
flows  by  means  of  the  velocity  acquired  in  its  descent,  or 
by  the  pressure  of  its  depth  ;  set  up  an  obstacle  perpen- 
dicular to  it ;  then  if  the  water  rise  and  swell  immediately 
against  the  obstacle,  it  runs  by  virtue  of  its  fall;  but  if 
it  first  stop  a  little  while,  in  virtue  of  its  pressure. 

Jtivers,'  according  m  this  author,  almost  always  make 
their  own  beds.  If  the  bottom  have  originally  been  a 
large  declivity,  the  water,  bence  falling  with  a  great  force, 
will  have  swept  away  the  raoal  elevated  parts  of  the  soil, 
and  carrying  them  lower  down,  will  gradually  render  the 
bottom  rbofe  nearly  horizontal.— The  water  having  made- 
its  bed  horizontal,  becomes  so  itself,  and  consequently 
Takes  with  the  less  force  against  the  bottom,  till  at  length 
that  force  becomes  only  equal  to  the  resistance  of  the  bot- 
tom, which  is  now  arrived  at  a  state  of  permanency,  at 
least  for  a  consideralile  time;  and  the  longer  according  to 
the  quality  of  the  soil,  clay  and  chalk  resisting  longer 
than  sand  or  mud. 

On  the  other  hand,  the  water  is  continually  wearing 
away  the  brims  of  its  channel,  and  this  with  the  more 
force,  as,  by  the  direction  of  its  stream,  it  impinges  more 
directly  against  them.  By  this  means  it  has  a  continual 
tenancy  to  render  them  parallel  to  its  own  course.  At 
the  same  time  that  it  has  thtis  rectified  its  edges,  it  has 
widened  its  own  bed,  and  thence  becoming  less  deep,  it 
Uses  part  of  its  force  and  pressure:  this  it  continiiei  to 
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do  till  time  is  tn  equilibrium  between  the  force  of  the 
water  and  the  resistance  of  its  banks,  and  then  they  will 
remain  without  farther  change.  And  it  appears  by  ex- 
perience that  these  equilibriums  are  all  real,  as  we  find 
that  rivers  only  deepen  and  widen  to  a  certain  pitch. 

The  very  reverse  of  all  these  things  does  also  on  some 
occasions  happen.  Rivers,  whose  waters  are  thick  and 
muddy,  raise  their  bed,  by  depositing  part  of  the  hetero- 
geneous matters  contained  in  them:  they  also  contract 
their  banks,  by  a  continual  opposition  of  the  same  mat- 
ter, in  brushing  over  them.  This  matter,  being  thrown 
aside  far  from  the  stream  of  water,  might  even  serve,  by 
reason  of  the  dullness  of  the  motion,  to  form  new  banks. 
If  these  various  causes  of  resistance  to  the  motion  of 
flowing  waters  did  not  exist,  viz,  the  attraction  and  con- 
tinual Iriction  of  the  bottom  and  sides,  the  inequulities  in 
both,  the  windings  and  angles  iliat  occur  in  their  course, 
and  the  diminution  of  their  declivity  the  farther  they  re- 
cede from  their  springs,  the  velocity  of  their  currents 
would  be  s-celerated  to  10,  15,  or  even  20  limes  more 
than  it  is  at  present  in  the  same  rivers,  by  which  they 
would  become  absolutely  unnevigable. 

The  union  of  two  rivers  into  one,  makes  the  whole 
flow  the  swifter,  because,  instead  of  the  friction  vf  four 
shores,  they  have  only  two  to  overcome,  ami  one  bottom  ' 
instead  of  two-;  also  the  stream,  being  farther  distant  from 
tbe  banks,  goes  on  with  the  less  interruption,  besides,  that 
a  greater  quaiitity  of  water,  moving  with  u  greater  velo- 
city, digs  deeper  in  the  bed;  and  of  course  retrenches  its 
former  width.  Hence  also  it  is,  that  rivers,  by  being 
united,  take  up  less  space  on  the  surface  of  the  earth, 
and  are  more  advantageous  to  low  grounds,  which  drain 
their  superfluous  moisture  into  them,  and  have  also  less 
occaiion  for  dykes  to.prevent  their  overflowing' 

A  very  good  and  simple  method  of  measuring  the  ve- 
locity of  the  current  of  a  river,  or  canal,  is  the  following. 
Take  a  cylindrical  pirce  of  dry,  light  wood,  and  of  tt 
length  something  less  than  the  depth  of  thu  water  in  the 
river;  about  one  end  of  it  let  there  be  suspended  as 
many  small  weights,  as  may  keep  the  cylinder  in  a  ver* 
lical  or  upright  position,  with  its  head  just  above  water. 
To  tbe  centre  of  this  end  fix  a  small  straight  rod,  pre- 
cisely in  the  direction  of  the  cylinder's  axis ;  in  order 
that,  when  tbe  instrument  is  suspeuded  in  the  wntcr,  the 
deviations  of  the  rod  from  a  perpendicularity  to  the  sur- 
face of  it,  may  indicate  which  end  of  the  cylinder  goes 
foremost,  and  by  which  may  be  discovered  Uie  diflerent 
velocities  of  the  water  at  ditferent  depths ;  for  when  the 
rod  inclines  forward,  according  to  the  direction  of  the 
current,  it  is  a  proof  that  the  surface  nf  the  water  has 
the  greatest  velocity;  but  when  it  reclines  backward,  it 
shows  that  the  swiftest  current  is  at  the  bottom ;  and  when 
it  remains  perpendicular,  it  is  a  sign  that  the  velocities  at 
the  top  and  bottom  are  equal. 

This  instrument,  being  placed  in  tbe  current  of  a  river 
or  canal,  receives  all  the  percussions  of  the  water  through- 
out the  whole  depth, and  will  have  an  equal  velocity  with 
that  of  the  whole  current  from  the  suriace  to  the  bottom  ' 
at  the  place  where  it  is  put  in,  and  by  that  means  may 
be  found,  both  with  exactness  .and  'ease,  the  mean  ve- 
locity of  that  part  of  the  liver  for  any  doterininate  dis- 
tance and  time. 

But  to  obtain  the  mean  velocity  of  the  whole  section  of 
the  rii-er,  tbe  instrument  must  be  put  successively  both 
in  the  middle  and  towards  the  sides,  because  the  velocities 
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at  tkoae  places  are  often  very  different  from  each  other. 
Having  by  thb  means  found  the  several  velocities,  from 
the  spaces  run  over  in  certain  times,  the  arithmetical 
mean  proportional  of  all  these  trials,  which  is  founil  by 
dividing  the  common  sum  of  them  all  by  the  number  of 
the  trials,  wilt  be  the  mean  velocity  of  the  river  or  canal. 
And  if  ibis  medium  velocity  be  multiplied  by  tbe  area 
of  the  transverse  section  of  the  w&tera  at  any  place,  the 
pro-iuctwill  be  the  quantity  running  through  that  place 
in  a  second  of  time. 

If  it  be  requiri-d  to  find  the  velocity  of  the  current  only 
at  ibe  surface,  or  at  the  middle,  or  tit  the  bottom,  a  sphere 
of  wood  loEideil,  or  a  common  bottle  corked  with  a  little 
water  in  it,  of  such  a  weight  as  will  remain  suspended  in 
equilibrium  with  the  water  at  tlie  auiface  oi* depth  which 
we  want  to  measure,  will  be  better  for.  the  purpose  than 
the  cylinder,  "beeausc  it  is  only  affected  by  the  water  of 
that  sole  part  of  the  current  where  it  remains  sus- ' 
pended. 

It  follows  from  what  has  been  said  in  the  former  part 
of  this  article,  that  the  deeper  the  waters  are  in  their  bed 
in  proportion  to  \is  breadth,  the  rpore  their  motion  is  ac- 
celerated ;  so  that  their  velocity  increases  in  the  inverse 
ratio  of  the  breadth  of  the  bed,  and  also  of  the  magnitude 
of  tbe  section ;  whence,  in  order  to  augment  the  velocity 
of'water  in  a  river  or  canal,  without  increasing  the  de- 
clivity of  the  bed,  ue  must  increase  the  depth  of  the 
channel,  and  diminish  its  breadth.  And  these  principles 
are  n^reeable  to  observntion  ;  as  it  is  well  known,  that  the 
velocity  of  flowing  waters  depends  much  more  on  the 
quantity  and  depth  of  the  water,  and  on  the  compression 
of  the  irpper  parts  on  tbe  lower,  than  on  the  declivity  of 
the  bed;  and  therefore  the  declivity  of  a  river  must  be 
mxde  much  greator  in  the  beginning  than  toward  the  end 
of  its  course  ;  where  it  should  be  almost  insensible.  If 
the  depth  or  volume  of  watir  in  a  river  or  canal  be  con- 
siderable, it  will  suffice,  in  tbe  part,  next  tbe  mouth,  to 
allow  one  foot  of  decKviiy  through  6000,  or  8000,  or 
even  (according  to  Dechales,  De  Fontibus  et  Fluviis, 
prop.  -19)  10,000  feet  in  horisontal  extent ;  at  most  it 
need  not  be  above  1  in  ftor  7  thousand.  From  hence  the 
quantity  of  declivity  in  equal  spaces  must  slowly  end 
gradually  increase  as  far  as  the  Current  is  to  he  made  fit 
for  navigation ;  but  in  such  a  manner,  that  at  this  upper 
end  there  may  not  be  above  one  foot  of  perpendicular  de- 
clivity in  4000  feet  of  horizontal  extent. 

To  conclude  this  article,  M.  dc  Buffon  observes,  that 
people  accustomed  to  rivers  can  easily  foretell  when  there 
is  going  to  be  a  sudden  increase  of  water  in  the  bed  from 
floods,  produced  by  liudden  falls  of  rain  in  the  higher 
Countries  through  which  the  rivets  pass.  This  they  per- 
ceive by  a  particular  motion  in  the  water,  which  they 
express  by  saying,  that  the  river's  bottom  moves,  that  is, 
the  water  at  the  bottom  of  the  channel  runs  off  faster  than 
usual;  and  this  increase  of  motion  at  the  Iwltom  of  a 
river  always  announces  a  sudden  increase  of  water  coming 
down  the  stream.  Nor,  says  he,  is  their  opinion  ill 
grounded;  because  the  motion  and  weight  of  the  waters 
Cuming  down,  though  not  yet  arrived,  must  act  upon  tbe 

■waters  in  the  lower  pans  of  ihc  river,  and  communicate 
by  impulsion  part  of  their  motion  to  them,  4ithin  a  cer- 

'  tain  distance. 

On  the  subject  of  this  article,  see  an  elaborate  treatise 
on  rivers  and  Canals,  in  the.  Philos.  Trans,  vol.  69,  pa. 
555  &c,  by  Mr.  Mwnn,  who  has  availed  himself  of  the 
ohMivalions  of  Gulielniini,  and  most  other  writers. 
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ROBERTSON  (John),  s.  r.  b,  waa  bomin  tbe  year 
1713 ;  and  though  he  was  at  first  placed  out  in  a  irade^ 
yet  he  must  soon  have  quitted  it,  as  in  the  title  of  his  first 
book,  a  Complete  Treatise  on  Mensuration,  in  1739,  he 
iS'Stylcd  Teacher  of  the  mathematics.  In  this  line,  as  a 
private  teacher,  he  continued  several  years,  till  in  IJSt 
he  was  appointed  Master  of  the  Royal  Mathematical 
School  in  Christ's  Ho^ipital;  in  which  year  also  he  pub> 
lished  the  first  edition  of  his  Elements  of  Navigation. 
The  year  folloivii^,  however,  he  left  Christ's  Hospital, 
in  consequence  of  an  Admiralty  appointment  to  be  first 
.master  of  the  Ruyal  Naval  Acadon^y  at  Portsmouth;  soon 
■aftt'r  which  he  published  his  Treatise  on  Mathematical 
fustruments.  In  176'C>,  through  the  petty  cabals  of  the  se- 
cond master,  they  were  both  dismissed  from  that  service  by 
the  fir^tiord  of  the  Admiralty;  on  which  Mr.  R.  returned 
to  London,  where  he  was  soon  appointed  clerk  and  librae 
rian  to  the  Royal  Society ;  an  office  which  be  respectably 
held  to  the  time  ol^  his  death,  in  December  1776,  at  64 
years  of  age. 

Besides  the  three  works  above-mentioned,  which  were 
all  excellent  of  their  ki^d,  particularly  the  Niivigation, 
he  had  many  ingenious  papers  inserted  in  the  Philos. 
Trans,  from  the  46ih  to  the  60th  volume.  Mr.  R.  was  a 
person  of  very  honourable  character  and  conduct,  being 
greatly  respected  by  thu  more  learned  and  best  characters 
among  (he  members  of  the  Royal  Society  ;  on  most  occa- 
sions his  advice  in  the  council  was  much  regarded;  ami 
he  had  the  honour  to  be  one  of  the  committee  chosen  to 
inspect  and  report  on  the  government's  powder-niagazin* 
at  Furfleet,  concerning  its  damage  and  security  from  light- 
ning. In  his  mode  of  teaching,  and  arranging  tbe  mattei 
in  his  publications,  Mr.  R.  was  remarkably  neat  and  me^ 
tbodical ;  a  habit  which  he  probably  in  some  measure  ac- 
quired in  imitation  of  his  good  friend  iind  master,  William 
Jones,  liiq.  many  of  whose  pape^,  on  his  decease,  cama 
into  the  possession  of  Mr.  R.  which  were  sold  by  auction, 
■Inng  wjtir  the  valuable  library  of  the  latter,  after  his 
death,  on  which  occasion  many  of  them  were  purchased 
by  myself. 

ROBERVAL  (Giuis-Peiisonnb),  an  eminent  French 
mathematician,  was  horn  in  1602,  at  Roberval,  a  parish 
in  the  diocese  of  Beauvais.  He  was  first  professor  of  ma-' 
thematics  at  the  College  of  Maitre-Gervais,  and  afterwards 
at  the  College-royal.  '  A  similarity  of  taste  connected  bim 
with  Gassendi  and  Alorin  ;  the  latter  of  whom  he  sucr 
ceeded  in  the  mathematical  chair  at  the  Royal  College,  " 
without  quitting  however  that  of  Ramus. 

Roberval  made  cxperimcBlson  the  Torricellian  vacuum : 
he  invented  two  new  kinds  of  balatice,  one  of  which  was 
proper  for  weiring  air;  and  made  many  other  curious 
experiments.  He  was  one  of  the  first  inemliers  of  the 
ancient  Academy  of  Sciences  of  I  ttOfi ;  but  died  in  l675, 
at  73  years  of  age.     His  principal  works  are, 

I.  A  Treatise  on  Mechanics. 

II.  A  work  entitled  Aristarchus  Samos. 

He  had  several  memoirs  inserted  in  the  volumes  of  the 
Academy  of  Sciences. of  l66'6,  via,  1.  Experiments  con- 
cerning the  Pressure  of  the  Air.  2,  Observations  on  the 
Composition  of  Motion,  and  on  the  Tangents  of  Curve 
Lines.  3-  The  Recognition  of  Equaiious.  4,  The  Geo- 
metrical Resolution  of  Plane  and  Cubic  Equations.  5. 
Treatise  on  Indivisibles.  6.  On  the  Trochoid,  or  Cycloid. 
f.  A  Letter  to  Father  Mersenne.  8.  Two  LeUirs  from: 
Torricelli.    9.  A  new  kind  of  BaUnce. 
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BOBERVALLIAM  Limi,  a  name  given  1o  certsin  pinging  on  one  another.     Jobn  Bernoulli  bcre  cond»-' 

lines,  used  for  the  (ransformalion  of  figures:  thus  called  'icenited  to  beacKOtlidele;  and  ar  bis  disMrtation  lost  the 

from  their  inventor  Roberval.     Tbesc  lines  bound  spaces  renftrd,  he  appealed  to  tiie  learned  world  by  prln^ng  it 

that  are  infinitely  extended  in   lengib,  which  are  never'  in  1737.     In  this  piece  he  endeavoured  to  establish  Leib- 

theless  equal  to  other  spaces  that  are  terniinsted  on  all  nihi's  opinion  of  the. force  of  bodies  in  motion  from  tbeef- 

sides,  fecis  of  their  striking  against  springy  materials;  as  Poleni 

The  abbot  Gatlois,  in  the  Memoirs  of  the  Royal  Aca-  had  b^r«  attempted  to  evince  the  same  thing  from  expe- 

demy,  anno  Itt93>  observes,  that  the  method  of  trans-  riments  of  bodies  falling  on  soft  and  yielding  substances, 

forming  figures,  explained  at  the  totter  end  of  Roberval's  But  as  the  insdfficiencj  of  Poleni's  argnmenls  had  been 

-treatise  of  Indivisibles,  was  tlie  sh mo  with  that  afterwards  demonstrated  in  the  Philosophical  Transactions,  for  1722; 

published  by  James  (iregory,  in  his  Georaetria  Univer-  So  Robins  published  in  the  Present  State  of  the  Republic 

talis,  and  also  by  Barrow  in  bis  Lectiones  Geometric^;  of  Letters,  fov  May  1728,  a  Confutation  of  Bernoulli's 

and  that,  by  a  letter  of  Torricelli,  it  appears,  that  Ro-  performance,  which  was  allowed  to  be  unanswerable, 
bcrval  was  the  inventor  of  this  method  of  transforming         Robins  now  began  to  take  scholars;  and  about  this 

figuies,  by  means  of  certain  lines,  which  Torricelli  tber^  time  be  quitted,  the  garb  and  profession  of  a  Quaker;  for, 

fore  called  Robcrvallian  Lines.     He  adds,  that  it  is  highly  having  neither  enthusiasm  nor  superstition  in  bis  nature, 

probable,  that  J.  Gregory  first  learned  the  method  in  the  as  became  a  mathematician,  be  soon  shook  off  the  preju- 

ji'urney  he  miide  to  Padua  in  1668,  the  method  itself  dices  of  such  early  babiu.     But  though  he  professed  to 

having  been  known  in  Italy  from  the  yeftr  1645,  though  teach  the  mathematics  only,  be  would  frequently  uMit 

the  book  was  not  publi^ed  till  the  year  l692-  particular  friends  in  other  matters ;  for  he  was  a  man  of 

This  account  David  Gregory  has  endeavoured  to  refute,  universal  knowledge :  and  the  confinement  of  this  way  of 

in  vindication  of  his  uncle  Jamn.     His  answer  is  inserted  life  not  suiting  his  disposition,  which  was  active,  he  grfr. 

in  the  Philos.  Trans,  of  l694,  and  the  abbot  rejoined  in  dually  declined  it,  and  went  into  other  courses,  that  re- 

tbe  French  Memoirs  of  the  Academy  of  1703.  quired  more  exercise.     Hence  he  tried  mdny  laborioui 

ROBINS  (Benjauiv),  an  English  mathematicisD  experiments  in  gunnery ;  believing  that  the  resittaoce  of 
■stud  philosopher  of  great  genius  and  eminence,  was  bom  the  air  had  a.  much  greater  effect  on  swift  projectiles,  than 
at  Bath  in  Somersetshire,  1707.  His  parents  were  Qua-  was  generally  supposed.  And  bence  he  was  led  to  con- 
kers of  low  condition;  and  consequently  neither  able  from  sidcr  those  mechanic  arts  thai  depend  upon  mathematical 
their  circumstance^  nor  willing  from  their  religious  pro-  principles,  in  which  he  might  employ  his  invention :  as, 
Cession,  to  have  him  much  iiutructed  in  that  kind  of  learn-  the  constructing  of  mills,  the  building  of  bridges,  draining 
ing  which  they  are  taught  to  despise  as  human.  Never-  of  fens,  rendering  of  rivers  navigable,  and  making  of  bar- 
theless,  he  made  an  early  and  surprising  progress  in  ja-  boun.  Among  other  arts  of  this  kind,  fortification  very 
riotis  branches  of  science  and  literature,  particularly  in  much  engaged  his  attention;  in  which  he  met  with  op- 
the  mathematics  ;  and  his  friends  being  desirous  that  be  portilnitiesof  perfecting  himself,  byaview  of  the  pHnciplfl 
■night  continue  bia  pursuits,  and  that  his  merit  might  not  itrot^placesofFlanders,  in  somejourneys  he  made  abroad 
be  buried  in  obscurity,  wished  that  be  could  be  properly  with  persons  of  distinction. 

recommended  to  teach  that  science  in  I^ndon,     Accord-         On  his  return  home  from  one  of  these  excursions,  he 

in^ly,  a  specimen  of  bis  abilities  in  this  way  was  sent  up  found  the  learned  here  amused  with  Dr.  Berkeley's  trea- 

thither,  and  shown  to  Dr.  Femberton,  the  author  of  the  tise,  printed  in  1734^  entitled,  "  The  Analyst ;"  in  which 

**  View  of  Sir  Isaac  Newton's  Philosophy ;'  who,  thence  an  examination  was  made  into  the  grounds  of  the  doctrine 

conceiving  a  good  opinion  of  the  writer,  for  a  brther  trial  of  Fluxions,  and  occasion  thence  taken  to  explode  that 

of  his  skill  genthimsomeprablems,  wbichRobinsresolvcd  method.     Robins  was  therefore  advised  to  clear  up  this 

very  much  to  his  satisfaction.     He  then  came  to  London,  affair,  by  giving  a  full  and  distinct  account  of  Newton's 

where  he  confirmed  the  opinion  which  had  been  precon-  doctrines,  in  such  a  manner, ,  as  to  obviate  all  the  objec- 

ceived  of  his  abilities  and  knowledge.  tions,  without  naming  them,  which  had  been  advanced  by 

But  though  Robins  was  possessed  of  much  more  skill  Berkeley;  end  accordingly  he  published,  in  17S5,  A  Di». 

than  is  usually  required  in  a  common  teacher;  yet  being  course  concerning  the  Nature  and  Certainty  of  Sir  Isaac 

very  young,  it  was  t))ought  proper  that  he  should  employ  Newton's  Method  nf  Fluxions,  and  of  Prime  and  Ultimata 

some  time  in  perusing  the  best  writen  upon  the  sublinier  Ratios.     This  is  a  very  clear,  neat,  and  elegant  perform- 

parts  of  the  mathematics,  before  he  should  publicly  un-  ance :  and  yet  some  persons,  even  among  those  who  had 

dertake  the  instruction  of  others.     In  this  interval,  besides  written  against  The  AfiRlyst,  taking  exception  at  Robins's 

improving  himself  in  the  modem  languages,  he  had  op-  ipanner  of  defending  Newton's  doctrine,  he  afterwards 

portunities  of  reading  in  particular  the  works  of  Archi-  wrote  two  or  three  additional  discourses, 
medes,  Apollonius,  Fermat,  Hiiygens,  De  Witt,  Slusiut,         In  1738,  he  defended  Newton  against  an  objection, 

Gregory,  Barrow,  Newton,  Taylor,   and  Cotes.     These  contained  in  a  note  at  the  end  of  a  l«tin  piece,  called 

authors  he  readily  understood  without  any  assistance,  of  "  Matho,  siveCosmotbeoria  puerilis,"  written  by  Baxter, 

which  he  gave  frequent  proofs  to  his  friends  :  one  was,  a  author  of  the  "  Inquiry  into  the  Nature  of  the  Human 

demonstration  of  the  last  proposition  of  Newton's  treatise  Soul :"  and  the  year  after  he  printed  Remarks  on  Euler's 

on  Quadratures,  which  was  thought  not  undeserving'a  Treatise. of  Motion,  on  Smith's  System  of  Optics,  and  on 

place  in  the  Philosophical  Transactions  for  1727.  Jurin's  Discourse  of  Distinct  and  Indistinct  Vision,  an- 

Not  long  after,  an  opportunity  occurred  of  exhibiting  nexed  to  Dr.  Smith's  work, 
to  the  public  a  specimen  also  uf  his  knowledge  in  Natural         In  the  mean  time  Robins's  performances  were  not  con- 
Philosophy.     The  Royal  Academy  of  Sciences  at  Paris  finrd  to  maihemarical  subjects:  for,  in  1739.  he  published 
,    had  proposed,  among  their  prise  questions  in  1734  aud  three  pamphlets  on  piditical  affairs,  which  did  him  great 
1720>  to  deuoiutrate  the  laws  of  motion  in  bodies  im-  .  honour.    The  fit«t  was  entitle<l,  Oboervatioiu  on  the-pre- 
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teat  Coimntion  with  Spain :  the  Mcond,  A  KaTTBtive  of  wu  thought  proper  that  an  able  jodge  ibonld  firit  review 

'  what  passed  in  the  CommoD  Hill  of  the  Citiiens  of  Lon-  aiid  correct  it,  atvl  Robius  wai  appointed ;  when,  on  ex- 

dnn,  asMinbled  for  tbe  Election  of  a  Lord  Mayor :  the  aminaiion,  it  was  rnolved,  that  the  whole  shonld  be  wrtt- 
thirdf  Ad  Addreu  to  tbe  Electors  and  other  free  Subjects  '  ten  entirely  by  Robini,  and  that  what  Walter  had  done, 

of  Great  Britain,  occasioned  by  the  late  Succession ;  in  being  niovtly  taken  verbatim  from  tbe  jaurnsls,  should 

which  is  contained  a  Particular  Account  of  alt  our  Nego-  serve  as  materials  only.     Hence  it  was  that  the  whole  of 

ciations  with  Spain,  and  their  Treatment  of  us  for  above  the  introduction,  and  many  dissertations  in  the  body  of 

ten  years  past.     TbeM  were  all  published  without  our  au-  the  work,  were  compised  by  Robins,  without  receiving 

tho^s  name ;  and  the  6nt  and  last  were  so  univenally  the  least  hint  from  Walter's  manuscript ;  and  what  be  baa 

esteemed,  that  they  were  generally  reputed  to  have  been  transcribed  from  it  rcgitrded  chiefly  the  wind  and  wea- 

tbe  production  of  the  great  man  himself,  who  Mas  at  tbe  tber,  the  currents,  courses,  bearings,  distances,  ofSngs, 

head  of  the  opposition  to  Sir  Robert  Walpole.     They  soundings,  monringj,  the  qualities  of  the  ground  they  an- 

proved  uf  such  consequence  to  HT.Robins,  as  to  occasion  cbored  on,  and  such  particuUra  as  nsually  fill  up  a  lea- 

his  being  employed  in  a  very  honourable  post;  for,  the  man's  account.     No  production  of  this  kind  ever  met  with 

patriots  at  length  gaining  ground  against  Sir  Robert,  and  a  more  favourable  reception,  four  large  impressions  ha^- 

a  committee  of  the  House  of  Commons  lieing  appointed  ing  been  sold  olf  within  a  year:  it  wad  h)so, translated  into 

to  examine  into  his  past  conduct,  Rubins  was  chosen  their  most  of  the  European  languages;  and  it  still  supports  its 

,  secretary.     But  after  the  committee  had'presented  two  reputation,  havii^  been  repeatedly  reprinted  in  various 

Tcpotts  of  their  proceedings,  a  sudden  stop  wu  put  to  sises.     The  fifth  edition  at  London  in  174^9  was  revised 

their  farther  progress,-  by  a  compiomise  between  the  con-  and  corrected  by  Robins  himself;  and  the  9th  edition  wat 

tending  parties.  printed  there  in  17€l-  ' 

In  1743,  being  again  at  leisure,  he  published  a  small        Thus  becoming  fomons  for  his  elegant  talents  in  writing, 

treatise,  entitled.  New  Principles  of  Gunnery;  containing  he  Was  requested  to  compose  an  apology  for  the  unfor- 

tbe  result  of  many  experiments  that  be  had  made,  by  tnnate  affair  at  Prestonpens  in  Scotland.     This  was  add- 

which  are  discovered  tbe  force  of  gunpowder,  end  the  dif-  ed  as  a  pre&ce  to  the  Report  of  the  Proceedings  and 

fcrence  in  the  resisting  power  of  tbe  air  to  swift  and  slow  Opinion  of  tbe  Board  of  General  Officers  on  their  Kxami- 

motious.  ,To  this  treatise  was  prefixed  a  full  and  teamed  nation  into  the  Conduct  of  Lieuti'nant-General  Sir  John 

account  of  the  progress  which  modern  fortification  had  Cope,  &c,  printed  at  London  in  1749  ;  which  preface  waa 

made  from  iti  first  rise ;  as  also  of  the  inventiim  of  guu-  esteemed  a  master-piece  of  its  kind, 
powder,  and  of  what  bad  already  been  performed  in  the        Robins  had  afterwards,  by  the  favour  of  lord  Amon, 

theory  of  gunnery.     It  seems  that  the  occasion  of  this  opportunities  of  making  farther  experiments  in  Gnnnery ; 

pttbliostioD,  was  the  disappointment  of  a  situation  at  the  which  have  been  published  since  his  death,  in  the  edftioa 

Royal  Military  Academy  at  Woolwich.     On  the  new  mo-  of  bis  works  by  his  friend  Dr.  Wilson.     He  also  not  a 

delltng  aod  establishing  of  that  Academy,  in  1741,  our  little  contributed  to  the  Improvemems  made  in  the  Royal 

author  and  the  late  Mr.  Muller  were  competitors  for  the  Observatory  at  Greenwich,  by  procuring  for  it,  throa^ 

place  of  professor  of  fortification   and    gnnnery.     Mr.  the  interest  of  [be  same  noble  pnMtn,  a  second  mural 

Mullci  held  tbea  some  poet  m  the  Tower  of  London,  quadrant,  and  other  instruments ;    by  which  it  became 

under  tb«  Board  of  Ordnance,  so  thM,  notwithstanding  perhaps  the  most  complete  of  any  observatory  in  tbe 

the  great  knowledge  and  ahitttie*  of  our  autbar,  tfaeinterest  world. 

which  Mr.  Mailer  ha^  with  the  Board  of  Ordnance  car-         His  reputation  being  now  arrived  at  its  meridian,  he 

Tied  -the  election  in>  his  favour.     On  this  disappointment  was  offered  the  cboice  of  two  very  considerable  cmph>y- 

Ur.  Robtas,  indignant  at  the  rifront,  determined  to  show  menls.     The  fint  was  to  go  to  Paris,  as  one  of  the  com- ' 

tlwn,.  and  the  world,  by  his  military  puUicatiom,  what  mssaries  for  adjusting  the  limits  in  Acadia  ;  the  other,  to 

tort  of  a  man  he  was  tbat  they  had  rejected.  be  engineer  general  to  the  East  India  Company,  whose 

On  &  discourse  containing  certain  experiments  being  forts,  being  in  a  most  ruinous  condition,  wanted  an  able 

published  in  tha  PhilosopbicBi  Transactions,  with  a  view  person  to  put  them  into  a  proper  state  of  defrnce.     He 

to  invalidate  tome  of  Robins's  opinions,  he  thought  pro-  accepted  the  latter,  as  it  was  suitable  to  bis  genius,  and  as 

per,  in  an  account  he  gave  of  his  book  in  the  same  Trans-  tbe  Company's  terms  were  both  advantageous  and  honour^ 

actions,  to  take  notice  of  those  experiments:  and  in  con-  able.     He  designed,  if  be  had  remained  in  EnglEnd,  to 

sequence  of  this,  several  dissertations  of  bison  the  mist-  have  written  a  second  part  of  the  Voyage  round  the 

■siee  of  the  air  wem  read,  and'the  experiments  exhibited  World ;  as  appears  by  a  letter  from  lord  Anson  to  him, 

before  the  Royal  Society,  in  1746  and  1747;  for  which  dated  Bath,  Oct,  33,  1749,  as  follows, 
he  waa  presented  with  the  annual  gold  medal  by  that        "  Dear  sir— When  I  last  saw  you  in  town,  1  forgot  tH 

Socie^.  ask  you,  whether  you  intL-nded  to  publish  the  second  vo- 

1n  1748  came  out  Anson's  Voyage  round  the  World  ;  lume  of  my  Voyage  before  you  leave  us  ;  which  I  con- 

which,  though  it  bears  Walter's  name  in  the  title-page,  fess  I  am  very  sorry  for.     If  you  should  have  laid  aside 

was  in  reality  written  by  Robins.     Of  this  voyage  the  all  thoughts  of  favouring  the  world  with  more  of  your 

public  had  for-sorae  time  been  in  expectation  of  seeing  works,  it  will  be  much  disappointed,  and  no  one  in  it 

an  account,  composed  under  that  commander's  own  ini-  more  than  your  very  obliged  humble  servant, 
speetion  :  for  which  purpose  the  reverend  Richard  Wal-  "  Awaow." 

tar  was  employed,  as  having  been  chaplain  on, board  the        Robins  said,  a  little  before  his  death,  that  the  only 

Centurion  the  greatest  part  of  the  expedition,     Walter  thing  he  hnd  to  regret  duifing  his  life,  was  writing  ford 

had. accordingly  almost:  finished  his  ta»b,  having  brought  Anson's  voyage.     Hence  it  has  been  supposed  tbe  etpee- 

it  down  to  hit  own  departure  from  Macao  for  England';  laiion  induced  him  to  bei^tai  the  narrative  ;  but  it  seems 

when  ha  proposed  to  piint  his  work  by  subscription.    It  that  his  principai  rewnrd  consisted  ia  promistf. 
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Kobint  was  also  preparing  an  enlarged  edition  of  bis 
Nuw  Principlci  of  Gunnery  :  but,  having  provided  hini- 
«elf  with  a  complete  set  of  astronomical  und  othi.-r  instru- 
meitts,  for  making  ol^scrvalions  and  cxperimenls  in  the 
Indies,  he  departed  hence  uiChristmas  in  1749 ;  and  alter 
A  voyuge,  in  which  tbc  ship  was  near  bring  cast  away,  he 
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In  ralnme  II  «re,        ' 
.  1$.  A  discourse  concerning  the  Nature  tnd  Certainty 
of  Sir  Isaac  Newton'^  Mclliods  of  FluNJont,  and  of  Prime 
and  Ultimate  Ratios. 

17.  An  Account  of  the  preceding  Discourse. 

18.  A  Review  of  some  of  the  principal  UbjrclinM,  thai 


arrived   there  iir  July  following.      Ilu  iiumcdiatdy  set     have  been  made  to  the  Do^'tiine  ofFluxions  and  UIti 


about  his  proper  business  with  the  greatest  diligence,  and 
formed  complete  plana  for  Fort  St.  David  and  Ikladras: 
but  he  did  not  U>e  to  put  them  into  execution.  For  the 
great  d^fliTcncc  of  the  climate  from  tliM  of  England  being 
beyond  his  constitution  to  support,  he  was  aliai^kcd  by  a 
fever  in  September  .the  same  year;  and  though  hi^  recover- 
ed out  of  ihia,  yet  about  eight  months  after  he  fell  into  ti 
lauguisliing  condition,  in  which  be  continued  till  his 
death,  which  happened  the  29th  of  July  1751,  at  only  44 
years  of  age. 

By  bis  last  will,  Mr.  Robins  left  the  pnblishing  of  his 
Mathematical  Works  to  his  honoured  and  intimate  friend 
Martin  Folkes,  esq.  president  of  the  Royal  Society,  and 


Proportions, w'iih  some  Rcmaiks  on  (hedilftrcnt  MLtbods, 
that  have  been  tnken  to  obviate  them. 

19.  A  Uiisertalion,  siiouing  that  the  Account  of  ihe 
Doctrines  uf  Fliixifm.iand  of  Prime  and  LMtimate  Ratios 
di-liverod  in  Mr.  Robins's  Diicour^e,  is  agreeable  to  the 
real  Meaning  of  their  great  Inventor, 

20.  A  Demonstration  of  ihc  Eleventh  Proposition  of 
Sir  Isaac  Newton's  Trratisc  of  Quadminres. 

21.  Remarks  on  Uernoulli's  Discourse  upon  the  Laws 
of  the  Communicittion  of  Motion. 

52.  An  Examination  of  a  Note  concerning  the  Sun's 
Parallax,  publiiihed  at  the  end  of  Baxter's  Malho. 
•2S.  Remarks    on    Euier's   Treatise   of  Motion ; 


to  Dr.  Jame3  Wilson  ;  but  the  former  of  these  gentlemen     Smith  s  System  of  Optics  ;  and  Dr.  Jurin's  Essay  on  Dis- 


being  incapacitated  by  a  paralytic  disorder,  for 

before  bis  death,  they  were  alterwards  published  by  the 

latter,  in  2  volumes  8vo,  17€l.     To  this  collection,  which 

contains  his  mathematical  and  philosuphicai  pieces  only. 

Dr.  Wilson  has  pretuied  an  account  ofMr.Robins,  from 

which  this  memoir  is  chiefly  extracted.     He  added  idsu  a 

lai^  appendix  at  the  end  of  the 

ing  a  great  many  curious  and  c 

interesting  parts  of  the  mathcraat 

own  papers  in  these  two  volumes,  they  are  as  follow  :  viz, 

io  vol.  I> 

1.  New  Principles  of  Gunnery.    First  printed  in  1742. 

2.  An  account  of  that  book.  Read  before  the  Royal 
Society,  April  the  I4th  and  Sist,  1743. 

3.  or  the  Resistance  of  the  Air.  Read  the  13th  of 
June,' 1746. 

4.  Ofthe  Resisiancaof  theAir;  blether  with  the  Me- 
thod of  computing  the  Motions  of  Bodies  projected  in 
that  Medium.     Read  Jtine  19,  17.46. 


Indisi 


tinct  a 

24.  Appendix  by  the  I'ubiisher. 

It  is  but  justice  to  say,  that  Mr.  Robins  was  one  of  the 
most  accurate  and  elegant  mathematical  writers  that  our 
language  can  boast  ut;  and  that  he  made  more  real  im- 
provements in  Artillery,  tile  (light  and  the  T<:sislHncc 'Of 
:ontaJn-  projectiles,  than  all  the  preceding  writers  on  that  subject, 
lical  matters  in  various  Hia  New  Principles  of  Gunnery  weic  translated  into  se- 
».  As  to  Mr.  Robins'*  veral'other  languages,  and  commented  on  by  several  emi- 
nent writers.  The  celebrated  Euler  translated  the  i^ork 
into  the  German,  accompanied'  with  a  large  and  critical 
commentary  ;  and  this  work  of  Euier's  was  again  trans- 
lated into  English  in  1774,  by  Mr.  Hugh  Brown,  with 
Notes,  in  one  volume  4tu. 

ROBINS,  or  RuBri«s  (Johk),  an  English  mathema- 
tician, was  bom  in  StaB'urdsbire  about  the  close  of  the 
I5th  century,  as  he  was  entered  a  student  at  Oxford  in 
1516,  where  be  was  educated  for  the  church.  But  the 
bent  of  his  genius  lay  to  the  sciences,  and  he  soon  made 


5.  Account  of  Experiments  relating  to  the  Itesistance  such  a  progrtss,  says  Wood,  in  "  the  pleasant  studies  of 
of  the  Air.     Read  the  4th  of  June,  1747.     ,         '  mathematics  and  astrology,  that  he  became  the  ablest  per- 

6.  Of  the  Force  of  Gunpowder,  with  the  Computation  son  in  his  time  for  those  studies,  his  friend  Record  not 
of  the  Velocities  thereby  communicated  to  military  Pro-  excepted,  whose  learning  was  of  a  nature  more  general, 
jectiles.     Read  the  25th  of  June,  1747.  .-i-    - 

7.  A  Comparison  of  the  Experimental  Ranges  of  Can- 
ind  Mortars,  with  the  Theory  contained  in  the  p 


ceding  papers.    Read  the  27  th  of  June,l75l. 

8-  Practical  Maxims  relating  to  ibe  Effects  and  Ma- 
nagement of  Arlilleiy,  and  the  Flight  of  Shells  and 
Shot. 


9.  A  Proposal  for  increasing  the  Strength  of  the  British     ihi'sc  follui 


Al  length,  taking  the  degree  of  bachelor  of  divinfty  in 
1531,  he  was  the  year  following  made  by  King  Henry  the 
dth  (to  whom  be  was  chaplain),  one  of  the  canons  of  hia  . 
college  in  Oxon,  and  in  December  1543  canon  of  Wind- 
sor, and  finally  chaplain  in  Queen  Mary,  who  held  him 
in  great  veneration  for  his  learning.  .4 mong  several  things 
that  he  wiote  relating  to  astrology  {ot  astronomy)  I  6nd 


Read  the  2d  of  Apiil,  1747. 
16.  A  Letter  to  Martin  Folkes,  esq.  Presidept  of  tbc 
Royal  Society.     Redd  the  7lb 'of  January,  1748. 

11.  A  Letter  to  Lord  Anson.     Read  the  36th  of  Octo-. 
ber,  1749.       - 

12.  On  Pointing,  or  Directing  of  Cannon  to  strike  dis- 
tant Objects. 

13.  Observations  on   the  Height   to    which  Rockets 
ascend.     Read  the  4th  of  May  J749. 

14.  An  Account  ^f  some  Experiroenti 
Mr.  Ellicolt. 


inulione  Fixarum  Stellarum,  &c. 
tc  Occasu  Stellarum  Fixarum,  &c. 
Astrologies,  &c.  lib.  3. 
Annotatione;  Edivardo  VI. 
Tractatus  de  Progn<isttcaiioiK  per  Eclipsin. 
"  All  which  books,  that  are  in  MS,  were  some  time  in 
the  choice  library  of  Mr.  I'homas  Allen,  of  Glocester 
Hall.     After  his  death,  coming  into  the  hands  of  Sir  Ke- 
nclm  Digby,  they  were  by  him  given  to  the  Bodleian  li. 
Rockets,  by     b'rary,  where  they  yet  remain.     It  is  also  said,  that  he,  |he 
said  Robyns,  Lath  written  a  bnok  intitlcd,  De  Portentosis 


15.  Of  the  Nature  end  Advantage  of  Rifled   Barrel     Comelis,  but  such  a  thing  I  have  not  yet  seen,  nor  do  I 
Pieces,  by  Mr.  Robins.     Read  the  2d  of  July,  1747-  know  any  thing  else  of  the  author,  only  that,  paying  hi* 
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last  <tebt  to  nature  the  25th  of  Augast  1558,  he  was 
buried  in  the  chappel  of  Si.  George  at  Windwre." 

ROBISON  (John),  i,l.d.  hd  eminent  philosopher, 
was  born  in  Scotland,  about  1733.  After  receiving  a 
libera)  education  in  his  native  country, be  went  to  Russia, 
on  the  appointment  of  director  of  the  marine  cadet  acade- 
my, at  CroQstadt,  a  situation  which  be  hdd  for  several 
yean.  0;i  his  return  to  Scotland  he  was  appointed  pro- 
fessor of  chemistry  in  the  univenity  of  Glasgow;  and 
ahortly  afterwards  he  was  invited  tn  fill  the  chair  of  na- 
turat  philosophy  professor  at  Edinburgh  ;  nn  office  which 
he  held  with  much  honour  to  himself,  and  benefit  to  the 
students  of  that  university,  till  his  death,  which  happened 
early  in  the  year  1S05. 

Though  Dc  Robison  laboured  under  a  most  painful 
and  distressing  complaint  during  the  last  18  years  of  bis 
life,  still  his  mind  was  always  active,  and  generally  di- 
rected to  the  most  useful  purposes.  He  was  well  known 
as  the  author  of  moat  of  [he  mathematical  and  philow- 
phicol  articles  in  the  third  edition  of  the  Eucyclopedia 
Britannica.  and  the  Supplement  to  that  valuable  viork. 
Those  articles  are  of  established  character ;  and,  though 
several  of  them  are  written  in  a  very  desultory  manner, 
yet  they  are  rich  in  important  rematlcsatHJ  useful  informa- 
tion. They  appear  to  have  been  the  substance  of  his  lec- 
tures delivered  in  the  college  j  and  some  of  them  were 
afterwards  thrown  into  an  improved  form,  and  publishetf 
-  under  the  title  of  Elements  of  Mechanical  Philosophy,  of 
which  it  seems  only  one  large  Svo  volume  has  been  pub- 
lished. In  17P7  Ur.  R.  astonished  the  world  hy  a  publi- 
cation which  he  called.  Proofs  of  a  Conspiracy  against  all 
Religions  and  Governments  of  Europe,  carried  on  in  the 
Sccivt  Meetings  of  Free-Masons,  llluminati,  and  Seading- 
Societiet;  and  in  1803  he  published  a  valuable  edition' 
of  Dr.  Black's  Lectures  on  the  Elements  of  Chemistry, 
accompanied  with  much  interesting  disquisition  and  his- 
tory? by  the  editor. 

Altogether,  Dr.  H.  may  justly  be  considered  as  one  of 
the  most  eminent  philosopher!  ever  produced  in  Scot- 
land; though  perhaps  inferior  to  Gregory  and  Maclau- 
rin.  He  certainly  possessed  a  very  extensive  acquaint- 
ance with  chemistry,  as  well  as  with  both  pure  and  mixed 
mathematics;  and  he  doubtless  enjoyed  a  most  happy 
talent  at  converting  and  applying  the  knowledge  he  pos- 
sessed to  important  practical  purposes. 

ROCKET,in  Pyrotechny,an artificial  firework, usually 
consisting  of  a  cylindrical  case  of  paper  filled  with  a  com- 
position of  certain  combustible  ingredients;  which  being 
lied  to  a  rod,  mounts  into  the  air  to  a  considerable  height, 
and  there  bursts.  These  are  called  Sky  Rockets.  Be- 
sides which,  there  are  others  called  Water  Rockets,  from 
their  acting  ill  water. 

The  composition  with  which  rockets  are  filled,  consisjs 
of  the  three  following  ingredients,  viz,  saltpetre,  charcoal, 
and  sulphur,  all  well  ground  ;  and  in  the  smaller  sizes, 
(■unpowder  dust  is  also  added.  Bui  the  proportions  of  all 
the  ingredicnis  vary  with  the  weight  of  the  rocket,  as  in 
the  following  table. 

CompoiUum/or  Rockeli  of  various  S*m«. 

The  general  composition  for  rockets  is. 
Saltpetre         4lb. 
Sulphur  lib. 

Charcoal         lib. 

But  for  large  rockets. 

Saltpetre         4lb. 
Vol.  II. 


Sulphur  lib. 

Meal  powder  lib. 
For  rockets  of  a  middle  sizef 

Saltpetre         31b. 

Sulphur  2lb. 

Mealpowder  lib. 

Charcoal        lib. 
When  rockets  are  intended  to  mount  upwards,  they 
haye  a  long  slender  rod  fixed  to  the  lower  end,  to  direct 
their  motron. 

Theory  pf  the  Flight  <^  Acwtetj— Mariotte  take*  the 
rise  of  rockets  to  be  owing  to  the  impulse  or  resistance  of  - 
the  air  against  the  flame.  Dcsaguliers  accounts  for  it 
thus.  Conceive  the  rocket  to  have  no  vent  at  the  choke, 
and  to  be  set  on  fire  in  the  conical  bore  ;  the  consequence 
would  be,  either  that  the  rocket  would  burst  in  the  weak- 
est place,  or  that,  if  all  parts  were  equally  strong,  and  able 
to  sustain  the  impulse  of  the  tlame,  the  rocket  would  bum 
out  immoveable.  Now,  as  the  force  of  the  flame  is  equa- 
ble, suppose  its  action  downwards,  or  that  upwards,  suf- 
ficient to  lift  40  pounds  ;  as  these  forces  arc  equiU,  but 
their  directions  contrary,  they  will  destroy  each  other's 

Imagine  then  the  rocket  opened  at  the  choke  ;  by  this 
means  the  action  of  the  flame  downwards  is  taken  away, 
and  there  remains  a  force  equal  to  40  pounds  acting  up- 
wards, to  carry  up  the  rocket,  and  the  stick  or  rod  it  is 
tied  to.  Accordingly  we  find  that  if  the  composition  of 
the  rocket  be  very  weak,  so  as  not  to  give  an  impulse 
greater  than  the  weight  of  the  rocket  and  slick,  it  doe« 
not  rise  at  all ;  or  if  the  composition  be  slow,  so  that  a 
small  part  of  it  only  kindles  at  first,  the  rocket  will  not 
rise. 

"Hie  stick  serves  to  keep  it  perpendicular;  for  if  the 
rocket  should  begin  to  tumble,  moving  round  a  point  iu 
the  choke,  as  being  the  common  centre  of  gravity  of  roc- 
ket and  stick,  there  would  be  so  much  friction  against  the 
&ir,  by  the  stick  between  tbe  centre  and  the  point,'  and  the 
point  would  beat  against  the  air  with  so  mucli  velocity, 
that  the  reaction  of  the  medium  would  restore  it  to  its  fffp- 
pendicularity.  When  the  composition  is  burnt  out,  and 
the  impulse  upwards  has  ceased,  the  common  centre  of 
gravity  is  brought  lower  towards  the  middle  of  the  slick  ; 
by  which  means  tbe  velocity  of  the  point  of  the  slick  is 
decreased,  and  that  of  the  point  of  the  rocket  is  Increased; 
so  that  the  whole  will  fall  down,  with  the  rocket  end  fbre- 

During  the  time  the  rocket  burns,  'be  common  centre 
of  gravity  is  shifting  and  getting  downwards,  and  still  the 
faster  and  the  lower  as  tbe  stick  is  lighter  ;  so  that  it  some- 
times begins  to  tumble  before  it  is  quite  burnt  out :' but 
when  the  slick  is  too  heavy,  the  common  centre  of  gra- 
vity will  not  get  so  low,  but  that  the  rocket  will  rise 
straight,  though  not  so  fast. 

From  the  experiments  of  Mr.  Robins,  and  other  gentle- 
men,  it  appears  that  the  rockets  of  3, 3,  or  4  inches  diame- 
ter, rise  the  highest;  and  they  found  them  rise  to  ell 
heights  in  the  nir,  from  400  to  1254  yards,  which  is  about 
3th  of  B  mile.  See  Robins's  Tracts,  tfol.S,  pa.317,«i>d 
the  Philos.  Trans.  vol,46,  pa.  578. 

ROD,  or  Pole,  is  a  long  measure,  of  1€}  feet,  or  51 
yards,  or  the  4lh  part  of  a  Gunier's  chain,  fur  land-mea- 
suring. 

ROEMER  (Olaus),  a  noted  Danish  astronomer  and 
mathematician,  was  born  «t  Arbusen  in  Jutland,  l644; 
2X 
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and  tt  18;e&ra  ofage  wasseottotheuatvenity  of  Copen-  fttuJ  rai»iig  Toen  T«ted  in  atl  arts  andbrancbet  of  Inotr^ 

hag«n.     He  applied  assiduously  to  the  iludy  of  the  ma-  ledge,  as  ancient  Greece."     Clenelier,  veil  known  for  his 

thematics  and  astronomy,  and  became  so  expert  i a  those  transUtionofmany  pieces  of  Descartes,  conceived  sudi  an 

sciences,  that  when  Picard  was  sent  by  Lewis  the  l#th,  in  auction  for  Rohautt,  on'aCcoQDt  of  his  attachment  to  this 

1671,  to  make  observations  in  the  north,  he  was  greatly  philosopher,  that  be  gave  him  bis  danghrer  in  marriage, 

lurprised  and  pleased  with  him.     He  engaged  him  to  re-  against  all  the  remonstrances  of  bis  family, 

tun)  with  him  to  France,  and  liad  him  presented  to  the  Rohaslfs  Physics  were  written  in  Trench,   but  have 

king,  who  botioured  him  with  the  dauphin  as  a  pupi)  in  been  translated  into  latin  by  Dr.  Samuel  Clarke,  with 

inathematics,andsettleda'penBiununhiro.    HewBsj<rfned  notes,  in  which  the  Cartesian  errors  are  corrected  on  the 

with  Picard  and  Cassini,  in  making  astronomical  obserra-  NewtonlnD  system.    The  4tb  and  best  edition  of  Rohault's 

tioDs;  and  in  l672  he  was  admitted  a  member  of  the  Physics,  by  Clarke,  is  that  of  17IS,  inSvo.   He  wrote  also, 

academy  of  sciences.  Elemeiu  de  Mathematiques,  - 

During  the  ten  years  he  resided  at  Paris,  be  gained  great  Traits  de  Mechanique,  and 

reputatiun  by  bis  discoveries ;  yet  it  is  said  he  complained  Entretiens  sur  la  Philosophic, 

afterwards,  that  his  coadjutors  ran  sway  with  the  faonour  But  these  dialogues  are  founded  and  carried  on  upon 

.of  many  things  which  belonged  to  him.     Here  it  was  that  the  principles  of  the  Cartesian  philosophy,  which  has  now 

,  Roemer,  flrat  of  any  onCj  found  oat  the  vdocity  with  which  little  other  merit,  than  that  of  having  corrected  the  errors 

)ijbt  moves,  by  means  of  the  eclipses  of  Jupiter's  satellites,  of  the  ancients.     Robault  died  in  I67S,  and  left  behind 

.  He  had  observed  for  many  years  that,  when  Jupiter  was  at  him  the  chaiucter  of  an  aniiable,<as  well  as  a  learned  and 

his  greatest  distance  from  the  eartb,  the  emersions  of  bis  philosophic  man. 

first  satellite  happened  constantly  15  or  16  minutes  later  His  posthumous  works  were  collected  and  printed  in 

than  the  calculation  gave  them.     Hence  he  concluded  two  neat  little  volumes,  first  at  Paris,  and  then  at  thc^ 

that  the  light  reflected  by  Jupiter-  took  up  this  time  in  Hague  in  I690.    The  contents  of  which  are,  1.  The  first 

running  over  the  excess  of  distance,  and  consequently  that  6  books  of  Euclid.    3.  Trigonometry.     3.  Practical  Geo- 

it  took  up  tfl  or  18  minutes  in  running  over  the  diameter  metry,     4.  Fortification.     5.   Mechanics.     6.  Perspec- 

of  theearth's  orbit,  ^nd  8  or  9  in  coming  from  the  sun  to  ^tive,    7.  Spherical  Trigonometry.     8.  Arithmetic. 

OS,  provided  its  velocity  was  nearly  uniform.     Hiis  disco-  ROLLE(MicBXi.),  a  French  mathematician,  was  born 

very  had  at  first  many  opposers ;  but  it  was  afterwards  at  Ambert,  a  small  town  in  Auvergne,  the  Slst  oft  April 

confirmed  by  Dr.  Bradley  in  the  most  ingenious  and  beau-  l653.     His  first  studies  and  employments  were  tinder  no- 

tiful  manner.     See  AsERaATioN.  teries  and  attorneys;  occupations  but  little  suited  to  his 

In  I68I  Roeiner  was  recalled  back  to  bis  own  country  genius.     He  went  to  Paris  in  l67S,  with  the  only  resource 

by  Christian  the  £th,  king  of  Denmark,  who  made  him  of  fine  penmanship,  And  subsisted  by  giving  lessons  in 

professor  of  astronomy  at  Copenhagen.     The  king  em-  writing.     But  as  his  inclination  for  the  paibematics  had 

ployed  him  also  in  reforming  die  coin  and  the  architec-  drawn  him  to  that  city,  he  attended  the  masters  in  this 

ture,  in  regulating  the  weights  and  measures,  and  in  moa-  science,  and  soon  became  one  himself.     Ozatiam  proposed 

snring  and  laying  out  the  high  roadi  throughout  the  king-  a  question  in  arithmetic  to  him,  to  which  Rolle  gave  so 

dom  ;  offices  which  he  discharged  with  the  greatest  credit  clear  and  good  a  solution,  that  the  minister  Colbert  mado 

and  satisfaction.     In  consequence  he  was  honoured  by  the  him  a  handsome  gratuity,  which  at  last  grew  into  a  fixed 

king  with  the  appointment  of  chancellor  of  the  exchequer  pension.     He  then  abandoned  penmanship,  and  gave  bim- 

and  other  dignities.     Finally  he  became  counsellor  of  state  self  up  entirely  to  algebra  and  other  branches  of  the  ma- 

and  burgomaster  of  Copenhagen,  under  Frederic  the  4tb,  thematics.     His  conduct  in  life  gained  him  many  friends ; 

the  succi-ssor  of  Chrisiian.     Roemer  was  preparing  to  pub-  in  which  his  scientific  merit,  his  peaceable  and  regular  be-   ' 

iish  the  result  of  his  observations,  when  he  died  the  igth  baviour,  with  an  exact  and  scrupulous  probity  of  man- 

of  September  1710,  at  66  years  of  age:  but  this  loss  was  ners,  were  his  only  solicitors. 

suppliedby  Horrebow,his  disciple,  then  professoraf  astro-  Rolle  was  chosen  a  member  ofthe  ancient  academy  of 

nomy  at  Copenhagen,  who  published,  in  Ito,  1735,  various  Sciences   in   1685,  and  named  second  geometrical-pen^ 

observations  of  Roeraer,  with  his  method  of  observing,  sionary  on  its  renewal  in  1699  ',  sn  honour  which  he  en- 

under  the  title  of  BasisAstronoraiR.*— He  had  also  printed  joyed  till  his  death,  which  happened  the  5tb  of  July  1719» 

various  astronomical  observations  and  pieces,  in  several  at  67  years  ofage. 

volumes  of  the  Memoirs  ofthe  Royal  Academy  of  Sciences  The  works  published  by  Rolle,  were, 

at  Paris,  of  the  institution  of  I666,  particularly  vols.  1  I.  A  Treatise  of  Algebra;  in  4to,  169O. 

and  10  of  that  collection.  H.  A  Method  of  resolving  Indeterminate  Questions  in 

ROHaULT  (James},  a  French  philosopher,  was  the  Algebra;  in  l6g9.     Besides  a  great  many  curious  pieces 

son  of  a  rich  merchant  at  Amiens,  where  he  was  bom  in  inserted  in  the  Memoirs '  of  the  Academy  of  Sciences,  as 

1630.     He  cultivated  the  languages  and  belles-lettres  in  follow: 

his  own  country,  and  then  was  sent  to  Paris  to  study  phi-  ! .  A  Rule  for  the  Approximation  of  Irrational  Cubes  : 
tosophy.  He  read  the  ancient  and  modem  philosophers,  an.  I666,  vol.  10. — 3.  A  Method  of  resolving  Equations 
but  Descartes  was  the  author  who  most  engaged  his  no>  of  all  Degrees  which  are  expressed  in  General  Terms :  an. 
tice.  Accordingly  he  became  a  aealous  follower  of  that  ]  C\66,  vol.  1 0. — 3.  Remarks  on  Geometric  Lines :  1 702 
great  man,  and  drew  up  an  abridgment  and  explanation  and  1763. — 4.  On  the  New  System  of  Infinity  :  1703. — 
of  his  philosophy  with  great  clearness  and  method.  In  the  5.  On  the  Ipveise  Method  of  Tangents:  170J,pa.25, 
preface  to  bii  Physics,  for  so  his  work  is  called,  he  makes  171,  S92. — 6.  Method  Of  finding  the  Foci  of  Geometric 
no  scruple  to  say,  that  "  the  abilities  and  accomplish-  Lines  of  all  kinds:  1706,  pa.  384.— 7-  On  Curves,  both 
ments  of  this  philosopher  must  oblige  the  whole  world  to  Geometrical  and  Mechanical,  with  their  Radii  of  Curve- 
confess,  that  France  is  at  least  as  capable  of  producing  ture:  1707,  pa.370. — 8.  On  the  Conslniction  of  Equa- 
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tioni:  1709iatatl  l709-~9i  Ot  the  Extermitiatioii-or tKb  He  made  lome  otnervidens  on'tba  comet  at  Okfori, 

Unknown  Qnanthiei  in  the  GeoraetricBl  Alialysis  :  17019,  which  apfie&red  in  the  moiitb  of  December  that  yeaTr; 

pft.419^— 10.  Hdles  and  Retfiarks  fortheCDtutniction  of'  which' were  printed  by  Dr.  Seth  W&rd  the  year  iol)  owing. 

Eqnulons:  1711,  pa.  86. — II.  On  the' AppKcation   of  Atid,   in    1055,    Dr.  Wallis  publishing  hu   treatJH  on 

Di«phttntine  Rules  to  Geometiy  :  1713.— IS.  Ona'Para-  CoOic  Sections,  be  dedicated  that  wbrk  to  those  twogcu- 

4oK  in  Geometric  £Sectia»:  1713,  pa.  343. — 13.  On  tltiiien. 

GeoRietric  Conitnictioiu :    1713,  pa.  301,  and   1714,         In  l657,  Mr.  R'ooke'  was  permitted  to  exchange  the 

pa.  5.  aftronomy  proAtstorship  for  that  of  georiietry,    ling  step' 

ROLLING,  or  Aofofion,  in  Mechanics,  s  kind  of  cir-  night  saem  strange,  as  astronomy  sdll  continued  to  be" 

cular  motian,  bj  wbteh  tbe  moveable  bbdy  tnrnsronnd  his  favourite  study  ;  but  itwaS  thought  to  have  been  from' 

its  own  axis,  or  centre,  and  contiauatly  applibs  new  parts  the  convenience  of  the  lodgings,  whibh  opened  behind  the 

of  its  surface  to  the  bridy  it  moves  uponl'    Siith  isthatof  reading  ball,  and  therefore  were  proper  for  the  reception 

awheel,  a  sphere,  a  garden  roller,  or  thelikv;  of  those  gentlemen  after  the  lectures,  whoin-tbeyeor  ifiSO 

Tbe  modon  of  rolling  is  opposed  to  that  of  sliding  ;  in  formed  the  Royal  Society  there. 
which  latter  motion  the  same  surface  is  Continually  ap-         Mr.  Rooke  h&vingthlu  successively  enjoyed  those  two 

plied  to  tlie  plane  it  moves  along.  placXa  some  years  before  tbe  restoration  in  l658,  most  of 

In  a  wheel,  it  is  only  the  circumference  that  properly  those  gentlemen  wbnbad  been  accustomed  toasscmble  with 

and  simply  rolls;  thtt  rest  of  the  wheel  proceeds  in  &  com-  him   at  Oxford,  coming  to  London,  joined  with  other 

pound  angular  kind  of  mbtion,  and  partly  roll^  partly  philosophical  men,  and  usually  met  at  Gretham  Coll^' 

slides.    The  want  of  distinguishing  between  which  two  to  hear  Mr.  Rooke's  lectures,  and  afterwards  withdrew 

motions,  occasioned  the  difiKulCy  of  that  celebrated  pro-  into  his  apartment;  till  their  meetings  were  interrupted' 

blem  of  Aristotle's  Wheel.     See  Rota  ArutoUUca,  by  tbe  quartering  of  soldiers  in  tbe  college  tbat  year. 

The  friction  of  a  body  in  rolling,  is  m'uch  less  than  And  after  the  Royal  Society  was  formed  and  settled  into 

the  frittion  in  sliding.     And  hence  arises  th^  great  use  of  a  regular  body,  Mr.  Rooke  was  very  zealous  and  lervice- 

wheels,  rolls,  &c,  in  machines;  as  much  of  the  action  ableinpromotingthatgreatandusefiilinstitutian;  though 

as  possible  being  laid  upon  it,  to  make  tlie  resistance  the  he  did  not  live  till  it  received  itf  establish  mcnt  by  the 

less.     See  Rotation.  ^'tJ^  charter. 

ROMAN  Ofder,  in  Architecture,  is  the  same  as  the  The  Marquis  of  Dorchester,  who  was  not  only  a  pa- 
Composite.  It  was  invented  by  the  Romans,  in  the  time  tron  of  learning,  but  learned  himself,  used  to  entert^a 
of  Augustus  :  it  is  composed  of  the  Ionic  abd  Corinthian  Mr.  Rooke  at  his  seat  at  Highgate  ailer  tbe  restoration, 
orders,  being  more  ornamental  thau  either.  ,  and  bring  himevery  Wednesday  in  his  coacb  to  the  Royal 

RONDEL,  in  Fortification,  s  round  tower,  sometimes-  Society,  which  then  mtt  on  that  day  of  the  week  a£ 

erected  at  the  foot  of  a  bastion.  Gregham  College.    But  the  last  time  Mr.  Rooke  was  at 

ROOD,  a  square  measure,  being  a  quantity  of  land  Highgate,  he  walked  from'thence;  and  if  being  in  the' 

equal  to  the  4th  part  of  an  acre,  or  equal  to  40  perches  sdmmer,  he  overb^ted  liiintelf,  and  taking  cold  afCer  it,  . 

or  square  poles.  was  thrown'  into  a  fever,  which  cost  him  his  life.     He' died' 

ROOF,    in   Architecture,   the  uppermost  part  of  a  at  his  apartments  at  Gresham  College  thle'27th  of  June' 

building;  being  that  which  forms  tbe  covering  of  the  lS6i,  in  the  40th  year  of  his  age, 

wholes     In  this  sense,  the  roof  comprises  the  timber  work,        Another  very  unfortunate  circumstance  attended  hU 

together  with  its  furniture,  of  slate,  or  tilc^  or  lead,  or  death,  which  was,  that  it  happened  the  veVy  night  that 

whatever  else  serves  for  a  covering:  though  the  carpen-  he  had  for  some  years  expected  to  finish  his  accurate  oIh- 

ters  usually  restrain  roof  to  the  timber-work  only.  servations  on  the  satellites  of  Jupiter.     Wtien  he  found 

The  form  of  a  roof  is  various:  vii,  I,  Pointed,  when  his  illness'  prevented  him  from  making  tlitd  observation, 

the  ridge,  or  angle  formed  by  the  two  sides,  is  an  acute  Dr.  Pope  says,  he  sent  to  the  Socie^  bis  request,  that 

angle.— 3.  Square,  when  the  pitch  or  angle  of  the  ridge  is  some  other  person,  properly  qnalified,  might  be  appointed 

a  right  angle,  called  the  true  pitch. — 3.  -Plat  or  pediment  for  that  purpose ;  so  intent  was  he  to  the  last  on  making 

roof,  being  only  pedim«nt  pitch,  or  the  angle  very  obtuse,  those  curious  and  useful  discoveries.  In  which  he  had 

There  are  also  various  other  forlns,  as  hip  roon,  valley  been  so  loiu  en^ed. 

roo6,  hopper  roob,  double  ridges,  platforms,  round,        Mr.  Rooke  nuun  a  nuncnpatory  will,^lea'Hng  wh^  he 

&c. — In  the  true  pitch,  when  the  sides  form  a  square  or  had  to  Dr.  Ward,  then  lately  made  bishop  of  Exeter  : 

right  angle,  the  girt  over  both  sides  of  the'  roof,  is  ac-  whom  hepermiUed  to  receive  what  was  dub  upon  bond, 

counted  equal  to  the  breadth  of  the  building  and  the  half  if' the  debtors  offered  payment  willingly,   otherwise  he 

of  the  same.  would  not  have  the  bonds  put  in  suit :    "  for,"  said  he, 

ROOKS  (Lawrsscb),   an  English  astronomer  and  "  as  1  never  was  in  law,  nor  had  any  contention  with  any 

geometrician,  was  born  at  Deptford  in  Kent,  1623,  and  man,  in  my  life-time;  neither  would  1  be  so  after  n^y 

educated  at  Eton  school.     Hence  he  removed  to  King's  death." 

College,  Cambridge,  in  1639^;  and  after  taking  the  de-         Few  persons  have  led  behind  them  a  more  agreeable 

greeof  master  of  arts  in  l647,  he  retired  into  the  count^.  character  than  Mr.  Rooke,  from  every  person  that  "was 

But  in  the  year  l650  he  went  to  Oxford,  and  settled  in  acquainted  with  him,  or  with  his  quatifications;  and  in 

Wadham  College,  that  he  might  have  the  company  of,  nothing  more  than  for  his  veracity  :  for  what  he  asserted 

and  receive  improvement  from  Dr.  Wilkins,  and  Mr.Seth  positively,  might  be  fully  relied  on:  but  if  his  opinion 

Ward  the  Astronomy  Professor;  and  that  he  might  attend  was  asked  concerning  any  thing  that  was  dubious,  his 

Mr.  Boyle  in  his  chemical  operations.  usual  answer  was,  "  I  have  no  opinion."  Mr.  Hooke  ba« 

After  the  death  of  Mr.  Foster,  he  was  chesen^stronomy  .  given  this  copious,  though  concise  character  of  him :  "  I 

Trofessor  10  Gresham  College,  London,  Id  the  year  1652.  never  was  acquainted  with  any  person  who  knew  more, 
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■lid  spoke  leu,  being  indeed  eminent  tor  the  knowledge     L^gney,  Halley,  &c.     See  the  article!  ApraoxiBATiov 
and  imprnveraent  of  astronomy."     Dr,  Wren  and  Seth  ■  "     - 

Ward  describe  hitn,  as  a  raan  of  profound  judgment,  a 
vast  comprehension,  prodigious  memory,  and  solid  expe- 
rirnce.  Hi;  skill  in  ttie  mathematics  was  reveienced  by 
all  the  lovers  of  those  studies,  and  his  perfection  in  many 
other  kinds  of  learning  deserves  no  less  admiration ;  but 
above  all,  as  another  writer  characterises  him,  his  exten- 
sive knowledge  bad  a  right  influence  on  the  temper  of  his 
mind,  which  had  all  the  humility,  goodness,  calmness, 
strength,  and  sincerity,  of  a  sound  and  unaflected  philo- 
sopher. These  accounts  give  us  his  picture  only  in  mi- 
niature ;  but  his  successor.  Dr.  Isaac  Barrow,  has  drawn 
it  in  full  proportion,  in  his  oration  at  Gresham  College; 
which  is  too  long  to  be  inserted  in  this  place. 

His  writings  were  chiefly  ; 

1.  Obaervations  on  the  Comet  of  Dec.  l652.  This  was 
printed  by  Ur.  Seth  Ward,  in  bis  Lectures  on  Comets, 
4to,  1653. 


and  ExTRACTioR.  See  also  Newton's  Universal  Arith. 
the  Appendix;  Philos.  Trans,  numb.  210;  Maclaurin'* 
Alg.  pa.  242 ;  Simpson's  Alg.  pa.  ;55  ;  or  his  Essays,  pa. 
82,  or  his  Dissertations,  pa.  102,  or  his  Select  Exerc.  pa, 
315:  where  various  general  theorems  for  approximating 
to  the  roots  of  pure  powers  are  given.  See  also  Equa- 
tion and  REDncTioN  of  Equations,  Apfroxiuatios, 
and  CoNVEROiHo. 

But  the  most  commodious  and  general  rnle  of  any,  for 
such  approxim&tions,  I  believe,  is  that  which  has  been 
invented  by  myself,  and  explained  in  my  Tracts,  vol.  1, 
pa.  210  :  which  theorem  is  this  i 

n'-iB'-T^+T.^  «  =  v''w.  That  is,  having  to  ottmct  the 
nth  root  of  the  given  number  v;  take  a"  the  nearest  rational 
power  to  that  given  quantity  w,  whether  greater  or  less. 
Its  root  of  the  same  kind  being  a;  then  the  required  root, 
^s,  will  b«  as  is  expressed  in  this  formula  above;  ot 


2.  Directions  for  Stamen  going  to  the  East  and  West     t^e  same  expressed  in  a  proportion  will  be  thus 
Indies.     Published  in  the  Philosophical  Transactions  for     <»i-l).s  +  (n+l).a'  :  («+ l).s-t-(s-]).a"  ;  :  a:  Vk 


Jan.  1665. 

3.  A  Method  of  Observing  the  Eclipses  of  the  Moon 
Itc.     In  the  Pbilos.  Trans,  for  Feb.  1666. 

4.  A  Discourse  concerning  the  Observations  of  the 


the  root  sought  very  nearly. 

This  rule  includes  all  the  particular  rational  fortnubs 
of  De  Lagney,  and  Haltey,  which  were  separately  inves- 
tigated by  them ;'  and  yet  this  general  formula  is  perfectly 


Eclipses  of  the  Satelliles  of  Jupiter.     In  the  History  of    simple  and  easy  to  apply,  and  more  easily 

.,      n         lo    _..       .   .     ..sn  •! .._....  ri-^  _«.i :j .i:....! C I. 


of  the  said  particular  formulas. 

£x.  Suppose  it  be  required  to  double  the  cube,  or  to 
extract  the  cube  root  of  the  number  2. 

Here  K  =  2,  n  =  3,  the  nearest  root  a  =  I,  also 
a'  =  I ;  hence,  for  the  cube  root  the  formula  becomes 
^w+aa*  air-t-B*      _  J . 

ain-41^  N-i-;!^  ^    ' 

But  ir  H-  20^  =  4,  and  2h  +  o^  =  £;  therelcrp  as 
4  ;  5  :  :  1  :  ^  =  1*35  =  the  root  nearly  by  a  first  ap< 
proximation. 

Again,  for  a  second  approximation,  take  a  =  ^,  and 


the  Royal  Society,  pa.  183. 

i.  An  Account  of  an  Experiment  made  with  Oil  in  a 
long  Tube.  Read  to  the  Royal  Soc.  April  33, '  l662.— 
By  this  experiment  it  was  found,  tLat  the  oil  sunk  when 
the  sun  shone  <^ut,  and  rose  when  be  was  clouded  ;  the 
proportions  of  which  are  set  down  in  the  account. 

ROOT,  in  Arithmetic  and  Algebra,  denotes  a  quan- 
tity which  bring  multiplied  by  itself  produces  some  higher 
power;  or  a  qusntily  considered  as  the  basis  or  founda- 
tion of  a  higher  power,  out  of  which  this  arises  and  grows, 
like  as  a  plant  from  its  root. 

In  the  involution  of  powers,  from  a  given  root,  the  root    consequeotly  t^  ■=  '^, 
is  also  Cftlkd  the  first  power;  when  this  is  once  multi-  ^* 

.plied  by  itself,  it  produces  the  square  or  second  power; 
this  multiplied  by  the  root  iigain,  makes  the  cube  or  3d 
power ;  and  so  on.  And  hence  the  denominations  square- 
root,  cube-root.  Sic,  or  2d  root,  or  3d  root,  &c,  according 

•■  the  given  power  or  quantity  is  considered  as  the  square,  ,    ^^^ 

or  cube,  or  2d  power,  or  3d  power,  &e.     Thus,  2  is  the     1-259921  &c,  for  the  required  cube  roofof  S,  which  is 
•quare-root  or  9d  root  of  4,  and  the  cube-root  or  3d  root .  true  even  in  the  last  place  of  decimals, 
of  8,  and^the4th  root  of  16,  &c.  Rooto/' on  EfMiioij,  denotes  the  value  of  thc'unknown 

Hence,  the  square-root  is  the  mean  proportional  be-  quantity  in  an  equation;  which  is  such  a  quantity,  a» 
tween  J  and  the  square  or  given  power ;  and  the  cube-  being  substituted  instead  of  that  unknown  letter,  into  the 
"-It  is  the  first  of  two  mean  proportiojials  between  I  and     equati()n,  shall  make  all  the  terms  to  vanish,  or  both  sides 


hence  2v  ■*■  a^  =  *  +  ■—  :s  — -,, 


therefore  as  378  :  381,  or  as  126  :  127  :  :  -  :  —  = 


tho  given  cube;  and 

Root  is  also  applied  sometimes  in  a  different  sense; 

thus  we  say  the  root  or  radix  of  any  system' of  notation,  makes 

or  the  radi.x  of  a  system  of  logarithms.     The  radix  of  our  lion  2a 
present  scale  of  notation  is  10,  and  this  is  also  the  radix 

of  the  modern  or  Brigges's  logarithms.  The  advantages  of  .  „.  „... .. 

which  consist  in  this  equality  between  the  rooto  of  the  roots  of  equations,  see  Equatiok. 

system  of  notation  and  logarithms,  by  which  means  the  Every  equation  has  as  many  roots,  or  values 

tables  of  the  latter  are  much  contracted,  and  are  also  unknown  quantity,   at  are  units  in  the  di 

much  readier  in  their  appUcation.  highest  power  in  it.     So  a  simple  equation  has  one  root. 

For  tho  method  of  extracting  the  roots  of  numbers,  a  quadratic  two,  a  cubic  three,  and  so  on. 

and  algebraic  quantities,  see  the  articles  Estractiok,  Roots  are  positive  or  negative,  real  or  imaginary,  r»- 

and  Binomial  IWew.  tional  or  radical,  &c.     See  Equatiok. 

Finite  approximating  rules  for  the  extraction  of  roots  Oibic  Root.    This  is  threefold,  even  fcr  a  simple  cubic, 

have  been  given  by  several  authors,  as  Raphion,  De  So  the  cube  root  of  a\  is  either 


each  other.  Thus,  of  the  equation  3x  -1- 
or  value  of  x  is  3,  because  substituting  3  for  x, 
become  9-1-5  =  14.  And  the  root  of  the  equa- 
tion 2jc*  =  32  is  4,  because  2x4'  =  32.  Also  the  root  of 
the  equation  x^  =  b'-i-c'  is  r  =  ^(rf-t-c"). 

"      the  nature  of  roots,  and  for  extracting  the  several 

of  the 
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n  the  cube  Ront  of  1  itself  is  either 


Real  and  Imaginary  Roots.      The  odd  roots,  as  tht 
Sd,  5th,  7th,  ate  roots,  of  all  real -quantities,  whether  po- 

r  negative,  are  real,  and  are  respectively  positive     the  ratio  of  tlie 


wheel  <le^ribcs  a  right  line  on  the  ground  tiiual  lo  Ms  cir- 

As  for  the  iiave  of  the  wheel,  the  case  it  otherwise.  It 
is  drawn  in  a  right  line  by  the  same  force  as  the  wheel ; 
but  it  only  turns  round  because  the  wheel  does  s»,  and  cau 
only  turn  in  the  same  time  with  it.  Hence  it  follows, 
that  its  circular  velocity  is  less  than  that  of  the  wbeel>  in 
umferences;  and  therefore  its  cir- 


or  negativi 


So  the  cube  root  of  a*  is  a,  and  of  —  a'     culur  motion  is  less  than  the  wctilim 

it  necessarily  describes  a  right  line  equal  to  ihat  of  the 

wheel,  it  can  only  do  it  partly  by  sliding,  and  partly  by 

'ving,  the  sliding  part  being  n 


But  the  even  roots,  as  the  2d,  4th,  6th,  &c,  are  only 
real  when  the  quantity  is  positive ;  being  imaginary  or  im- 
possible when  the  quantity  is  negative.     So  the  square     itself  is  smaller  or  larger.     See  Ctcloi 
root  of  a'  is  a,  which  is  real;  but  the  square  root  of         "r^ -....>...-,».  ^        _ ._    ..  .- 

—  a*,  that  is,  ^—  q%  is  imaginary  or  impossible;  be- 
cause there  is  no  quantity,  neither  +  a  nor  —  a,  which 
by  squaring  will  make  the  given  negative  square  - 

The  large  Table  of  Roots,  Squares,  and  Cubes, 


end  of  vol.  I  of  my  Tracts,  is  very  useful  in  many  calcu- 
lations,  and   will   serv  "    ■  -  ,         . 
IS  well  as  squar 


ROTATION,  or  Rotary  Motion,  in  Mechanics,  is 
the  motion  of  a  body,  or  system  of  bodies,  about  a  fixed 
L'tiicn  axis  ;  being  thus  distinguished  from  rcctinnear  motion,  in 
a^.  which  bodies  ar<^supposed  to  describe  spaces  in  the  direc- 
t  the  tion  of  the  impelling  force,  which  is  always  considered  as 
acting  in  a  right  line  passing  through  the  centre  of  gravity 
>  find  square  roots  and  cube  of  the  body  moved  ;  and  therefore,  that  every  particle  of 
roots,  as  well  as  square  and  cubic  powers;  &c.  such  body  must  partake  of  the  same  degree  of  velocity  as 
ROTA,  in  Mechanic?.  See  Wheel.  ">«  "i'*!  which  the  centre  of  gravity  moves.  But  in  nu- 
ROTA  Ari^oulka,  or  Ariitoi^i  IfAee/,  denotes  a  cele-  merous  instances  which  occur  in  practice,  a  body,  or 
brated  problem  fn  mechanics,  concerning  the  motion  or  system  of  bodits,  is  so  situated,  that  when  any  force  or 
roWtionofa  wheel  about  its  axis;  so  called  because  first  numberof  forces  are  impressed  npon  it,  it  cannot  take  any 
noticed  by  Aristotle.  The  difficulty  is  this.  While  a  other  motion  thanoneofroiationahout  a  fixed  axis,  which 
circle  makes  a  revolution  on  its  centre,  advancing  at  the  may  either  pass  through  the  body  or  system,  or  be  at  an 
same  time  in  a  right  line  along  a  plane,  it  describes,  on  extremity  of  it:  so  that  the  velocity  of  the  constituent 
that  plane,  a  right  line  which  is  equal  to  its  circumference,  moleculae  of  the  system  shall  be  greater  or  less  according 
Now  if  this  circle,  which  may  be  called  the  deferent,  carry  ^  the  greater  or  less  distance  of  any  individual  particle 
#ith  it  another  smaller  circle,  concentric  with  it,  like  the  '"''om  the  axis  about  which  the  motion  is  performed.  And 
nave  of  a  coach  wheel ;  then  this  little  circle,  or  nave,  will  ""  such  cases,  it  is  necessary  Co  call  to  our  aid  other  con- 
describe  a  line  in  one  revolution,  which  is  equal  to  that  siderations  than  what  are  requirt-d  in  discussing  the  pro- 
of the  large  wheel  or  circumference  itself;  because  its  perties  of  acceleration  andVlardation. 
centre  advances  in  a  right  line  as  fast  as  that  of  the  wheel,  -  In  the^e  connidcratious,  two  things  are  principally  to 
being  in  reality  the  same  with  ii.— The  dilution  given  be  attended  to,  i.  e.  (be  moving  force  by  which  the  re- 
by  Aristotle,  is  no  more  than  a  good  explication  of  the  vol ving  motion  is  gtiierated,  and  the  inertia  of  the  parts 
difficulty.  that  compose  the  system  :  the  moving  force  exerted  on 
Galileo,  who  ne.^t  attempted  it,  had  recourse  to  an  in-  any  given  particle  in  the  system,  as  well  as  its  inertia, 
finite  number  of  infinitely  liute  vacuities  in  the  right  line  depends  on  its  dihiance  from  the  axis  of  motion,  every  ■ 
described  by  the  two  circles  :  and  imagines  that  the  little  thing  else  heins  the  same,  and  if  both  these  he  ascertained, 
circle  never  applies  its  circumference  to  those  vacuities ;  the  absolute  acceleration  will  he  determined,  und  conse- 
but  in  reality  only  applies  it  to  a  line  equal  to  its  own  cir-  qucntly  the  absolute  velocity  generated  in  it  in  a  given 
cumfcrence ;  though  it  app<'ars  to  have  applied  it  to  a  time.  Thus, 
much  larger.  But  all  this  is  nothing  to  the  purpose.  Le,  A,e„  represent  thecircum- 
Tacquet  says,  that  the  little  circle,'  making  its  rotation  ference  of  a  wheel,  which  I 


I  slowly  than  the  great  one,  does  on  that 


apl.r 


scribe  a  line  longer  than  ita  own  circumference;  yet  with-  g^is,  passing  through  i 

out  applying  any  point  of  its  circumference  to  more  than  and  let  a  weight  P,  fixed  a 

one  point  of  its  base.     But  this  is  no  more  satisfactory  mmky  of  a  line  ap,  comr 

than  the  former.  n,oiio„  [„  ,he  y,]^^[.     Also,  let  the 

After  the  fruitless  attempts  of  so  many  great  men,  M.  whole  weight  of  the  wheel  be  Q,  and 

-  Dortous  de  Meyran,  a  l^rench  gentleman,  had  the  good  suppose  this  wei-ht  to  be  collected 

fortune  to  hit  upon  a  solution,    which  he  sent  to  the  uniformly   into  the  circumference 

Academy  of  Sciences ;  where  being  examined  by  Mess,  de  afoh  ;  then  during  jbe  descent  of 

Louville  and  Soulmon,  appointed  for  that  purpose,  they  the  Weight  P,  each  point  of  thecir- 

made  their  report  that  it  was  satisfactory.     The  solution  cumference  must  move  with  a  velocity  equal  to  that  with 

"■  *"  '  "  "  '"'' '  which  P  dcKends  ;  and  consequently,  since  the  moving 

force  is  the  weight  p,  end  the  mass  moved  p  -i-  q,  the 

ngni  line  ;  us  rotaiion  or  circular  motion  arises  purely  force  which  accelerates  P  in  its  descent,  will  be  Ihat  part 

from  the  resistance  of  the  ground  upon  which  it  is  applied,  of  the  accelerating  force  of  gravity  which  is  expressed  by 
Now  this  resistance  IS  equal  to  the  force  which  draws  the  r 

wheel  in  the  right  line,  inasmuch  as  it  defeats  that  direc-  '"^  fraction  j^^  (see  Acceleratioh).     The   velocity 

tion ;  consequently  the  causes  of  the  twtf  motions,  the  one  therefore  whi^h  is  generated,  in  r,  in  any  given  time,  )» 

right  and  the  other  circular,  arc  equal.     And  henc«  the  found  by  proportion,  namely,  it  will  be  to  the  velooity 


The  wheel  of  a  coach  is  only  acted  on,  or  drawn  ii 
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igenenaed  by  gravity  in  a  fallii^  bculy  in  the  lanw  time,  aa  PDt  bc  =  6,  iic  =  a,  then  froin  vhat  ha*  hraa  before 
this  fraction  to  unity  ;  so,  if  «  =s  v,  then  its  velocity  to  observed,  the  moving  force  will  be  as  br,  and  the  retard- 
that  of  gravity,  is  as  1  to  S.  And  ttiis  is  universally  true  ing  force  as  aw,  and  therefore  the  motive  force  will  be  ex- 
while  the  axis  of  the  body,  or  system  of  bodies,  paraca  pressicd  by  br  ~  aw;  also  the  inertia  of  the  bodies  will 
through  their  centre  of  gravity.  But  if,  instead  of  this,  be  as  b'r  +  a*w,  and  hence  the  accelerating  force  of  the 
we  suppose  all  the  matter  of  the  wheel  to  be  coliect«l  into  |^^„  ^m  ^^  „  '' -  "  .  ^]^  th^  acceleration  of  any 
one  point  as  at  e  ;  then  it  is  natiifest,  that  if  the  mass  Q  «■>  +  a^w  '  J 
beaded  on  by  gravity,  the  force  which  communicatea  poinlof thelew!rbeingasiUdistancefpomtheaxis, wehara 
motion  to  the  system  round  a,  will  be  variable,  it  being  ^^  the  accelerative  force  of  p,  t^~  «  t  =  ^— ; 
the  greatest  when  sq  is  horisonial,  and  gradually  iljmi-  ,,  '*'.!' ^  Ifr  +  a'v 
Bisbing  till  g  has  descended  to  its  lowest  point.  But  if,  and  if  p  be  a  power  of  that  kind  which  is  m.t  potseased  of 
instead  of  supposing  *j  to  be  acted  on  by  gravity,  we  con-  inertia,  the  exprwaion  becomes  simply  'Z~-  See 
aider  it  as  destitute  of  weight,  and  to  poiseas  inertia  only,  .  ,  ,  n  .■■-  ..  ■  ,  „  .  ■ 
ll,.nlhcBO.ii.gfo™»illb;con.ui^btinge,u.lt»P,  *'•<""'  ™,  'J»  KejUlin.ar  MoUon  and  RotaMi,  of 
.nd  tbB  bodio.ino.=d«illb..  *  a,  and  ib.itor.  the  Bodin,  p..  1  S3,  aad  Gngory  .  Mecbamci,  .ol.  1  p..  85? ; 
.cCBl.r.ting  for»  of  the  .«ghl  f  «ill  b.  nprntDled  b,  '"^•°  "«  ""''••  Gi««tio.,  0.c.h«tio»-,  C.ktSL 

^  °  °^  '  '  <tf  tipotttaneou*  Rotation,  etc,  itttbii  Dictionary. 
— — ,  the  same  as  before ;  which  oughtlo  be  the  result,  Rotatiom,  in  Geometry,  the  circumvolution  of  asnr- 
because  in  the  former  case  the  parts  of  the  weight  q  being  ^'^'^  ^"""''  *°  immoveable  line,  called  the  Axis  of  Rota- 
unifonnly  disposed  over  the  circumference,  balance  each  "o"-  By  such  rotation  of  planes,  the  figuresof  certain  re- 
other  round  the  common  centre  of  Bf^vity  s,  and  their  gular  solids  are  formed  or  generated.  Such  as,  a  cyUn- 
weight  therefore  has  no  effect  in  accelerating  or  reUrding  "^^  ''X  '*'«  rotation  of  a  rectangle,  a  cone  by  the  roution 
the  deicent  of  the  weight  P.  of  a  tnangle,  a  sphere  or  globe  by  the  rotation  of  a  semi- 

In  general,  the  accelerating  force  of  the  body  F  will  be    '^"'£,'"'  °'^\     , 

represented  by  the  motive  force  divided  by  the  inertia  of  The  method  of  cubing  solids  that  are  generated  by  such 

the  bodiesmoved;  and  therefore,  if  the  body  pbedestitute  rotation,  is  laid  down  by  Demoivre,  in  his  specimen  of 

of  inertia,  the  accelerating  foice  will  be  expi^«sed  simply  "'«^"»«  *»  .*^,"'  doctnne  of  fluxions,  Ph.ilos.  Trans,  numb. 

,  210  ;  and  indeed  by  most  of  the  wnters  un  fluxions,     in 

by  the  fraction  ^.  every  j^ch  solid,  oil  the  sections  perpendicular  to  the 

In  what  has  been  said  above,  we  have  supposed  all  the  axis  are  circles,  and  therefore  the  fluxion  of  the  solid,  at 

matter  of  the  wheel  to  be  uniformly  disposed  throughout  *"y  section,  13  equal  to  that  circle  multiplied  by  the 

the  circumference  of  it;  i»ut  supposing   the  wheel  of  fluxion  of  the  axis.    So  that,  if  x  denote  an  absciss  of  that 

uniform  thickness  and  density,  or  in  any  other  way  con-  axis,  and  y  an  ordinate  to  it  in  the  revolving  plane-,  which 

■tituted,  before  we  enter  upon  the  investigation  of  the  law  will  also  be  the  radius  of  that  cii-cle;  then,  putting  ns* 

of  acceleration,  we  rausL  first  determine  the  centre  of  gy-  3*1416,  the  area  of  ihe  circle  isnj(%  and  consequently  the 

ration,  or  that  point  of  it  into  which,  if  all  the  matter  of  fluxion  of  the  solid  is  j^x;  the  fluent  of  which  will  be 

the  body  be  collected,  the  same  angular  velocity  would  the  content. 

be  produced,  which  in  a  uniform  circle  js  atVi  distance  Such  solid  may  also  be  expressed  in  terms  of  the  gene- 

from  the  centre,  i-  being  the  radius  of  the  wheel.     All  ilia  ^ling  plane  and  its  centre  of  gravity  ;  for  ihff  solid  is 

matter  of  the  wheel  being  supposed  to  be  collected  in  that  always  equal  to  the  product  arising  from  the  generating 

circumference  whoso  radius  is  r^i,  we  shall  have  the  pl^ne  multiplied  by  the  path  of  iu  centre  of  gravity,  or  by 

movingforceasrp,  becausethe  weight  of  thewheel,  being  the  line  described  by  that  centre  in  the  rutation  of  the 

uniformly  distributed,  will  balance  it  on  its  centre,  and  plane.     And  tbis  theorem  is  general,  by  whatever  kind  of 

therefore  can  neither  tend  to  accelerate  nor  retard  the  de-  motion  the  plane  is  moved,  in  describing  a  solid, 

scent  of  the  body  p.     But  the  inertia  of  bodies  being  as  Rotation,  RttoUuitm,  in  Astronomy.    See  Rzvotw- 

the  square  of  their  distances  from  the  axis  of  motion,  we  tion.  ' 

■hall  have  jr'q  for  the  inertia  of  tbe  wheel,  and  r'p  for  IKuma/ Rotatiou.     See  DiuanAi,,  and  EAaTH. 

.       ,            rr        ^      .  ROTONDO,  or  RoTUNDo,  in  Architecture,  a  popu- 

the  inertia  of  the  weight  T,  and  therefore  ;s^:^y  for  the  i^,  term  for  any  building  tbat  is  round  both  withinsidc 

accelerating  force  of  the  wheel,  or  of  the  lever  ah  ;  and  and  without,  whether  it  be  a  church,  hall,  a  saloon,  a 

as  tho  acceleration  of  any  point  of  a  lever  must,  (besides  vestibule,  or  the  like. 

the  accelerating  force  with  which  the  lever  iiself  is  made  ROUND,  Koundmess,  Rotundity,  the  property  of  a 

to  revolve)  be  in  proportion  to  the  distance  of  that  point  circle  and  sphere  or  globe,  &c. 

fromtheaxisofsuspcnsion.thereforelheaccelerationofthc  ROWNING  (John),  an  ingenious  English  mathemo- 

.  ,          r^       _      t               ^ — -^  tician  and  philosopher,  was  fellow  of  Magdalen  College, 

point  p  will  beas^^^^^  ,j  —  jg  +  ,•  X  X  Cambridge,  and  afterwards  rector  of  Anderby  in  Lincoln- 
Let  now  a  bc  represent  a  wheel  and  /  /  X  \  sbire,  in  the  gift  of  that  society.  He  was  a  constant  at- 
axic, the  diametcnof  which  are  given,  I  A  — j= — \ —  B  tendant  at  the  meetings  of  the  Spalding  Society,  and  was 
wand  F  two  given  weights;  the  former,  V  \.,  y  I  a  man  of  a  great  philosophical  turn  of  mind,  though  of  a 
being  fixed  to  the  axle,  is  drawn  up        \               /  cheerful  and  sociable  disposition.     He  had  a  good  genius 

by  the  descent  of  the  latter  attached             ' for  mechanical  eonlrivHnces  in  particular.     In  1738  he 

to  the  circumference  of  the  wbeelj  printed  at  Cambridge,  in  8vo,  A  Compendious  System  of 

and  let  it  be  required  to  determine  the           |  ^  Natural  Philosophy,  in  3  volsSvo;  a  very  ingenious  work, 

accelerstive  force  of  the  descending                               p  which  has  gone  through  several  editions.     He  had  also 

body,  the  wheel  and  axle  being  sup-                              *^  two  pieces  inserted  in  the  Philosi^hical  Transactions,  via, 

posed  of  no  weight,  I.  A  Description  of  a  Barometer  wherein  the  Scale  of  Va- 
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rifttion  mny  be  incmued  at  pleature ;  wo],  3S,  ]hi.  Sp<  the  whole  art,  are  cstled  addition,  uJjtrection,  multipli- 

And  2.  Direction  far  making  a  Machine;  fnr  finding  the  cation,  and  division. 

Roobi  of  Equdtinm  uoivrnaliy,  with  the  Manner  ol  using         From  ihese  arise  nuraeroui  Other  mlM,  which  are  in- 

it;  vol.60,  [>a.  240. — Mr  Rowning  died  ai  his  lodgings  deed  only  applicaiiont  of  these  to  particular  purposeiand 

in  Carey-street  near  LincelnVInn  Fields,    Lundon,    the  occnaionB  ;  as  the  Kule-nf-tfaree,  or  Lxilden  Rule,  or  Rule 

latter  end  of  Nuvembrr  177 1  >  at  TJ  ytran  ol  age.  of  Proportion  ;    also  thi'  Rules  of  Fellowship,  Interest, 

Though  a  very  inKeiiions  and  pleasant  man,  he  had  Exchanges,  Pinition,  ProgressioDs,  &c,  &c.     For  which. 


see  each  article  severally. 

Rv  LE-of-Three,  or  Rule  qf  Proportion,  coininonly  Called 
the  Golden  Rule  from  its  great  use,  is  a  tulethat  teaches 
how  to  find  a  4th  proportional  number  to  three  others 
that  are  g:iven. 

As,  if  3  degrees  of  the  equator  contain  208  tnileSj  how 
many  are  contained  in  360 


rather  an   unpromising  and  forbidding  appearance 
was  tall,  stooping  in  the  shoulders,  and  of  a  sallow  and 
gloomy  countenance. 

ROYAL  Oak,  Roiur  CaroliiaiM,  in  Astronomy,  one  of 
the  new  southern  conitellatioos,  the  stars  of  which,  ac- 
cording to  Sharp's  catalogue,  annexed  to  the  Britannic, 
Me  12. 

RUDOLPHrNE  TaMei,  a  set  of  astivnomical  Ubles    degrees,  or  the  whole 
thatwere  published  by  th0eelebratedKepter,andsocalled     cumference  of  the  earth? 
from  the  emperor  Rudolph  or  Rndolphui.  The  rule  is  this :   State,  or 

RULE,  7m  Carpeneer'*,  a  folding  ruler  generally  used     set  the  three  given  terms 
by  carpenters  and  other  artificers;  and  is  otherwise  c^led    down  in  the  form  uf  the 
the  sliding  rule.— This  instrument  consists  of  two  equal     first  three  terms  of  a  pro- 
pieces  of  box-wood,  each  one  foot  in  length,  connected     portion,  stating  them  pro-  24960 
tc^lier  by  a  folding  joint.     One  tide  or  fiice,  of  thenilc,    portionaJly,  thus: 

is  dfvided  into  inches,  and  half-quarters,  or  eighths.  On  Then  multiply  the  3d  and  3d  terms  together,,  and  divide 
the  same  face  also  are  several  plane  scales,  divided  into  the  product  by  the  1st  term,  so  shidl  the  quotient  be  the 
13th  parts  by  diagonal  lines;  which  are  used  in  planning  4th  term  in  proportion,  or  the  answer  to.  the  questioo, 
dimensions  that  are  taken  in  fret  and  Indies.  The  edge  which  in  this  example  is  34960,  or  nearly  35|O00  miles,, 
of  the  rule  is  commonly  divided  decimally,  or  into  lOths;    for  the  circumference  of  the  earth. 


ief.    mil.  iag.         nuln. 

as     3  :  308  :  :  360  :  34960 
360 
12480 
624 
3)74680 


I,  each  foot  into  10  equal  parts,  and  each  of  these  into 
10  parts  again,  or  lOOth  parts  of  the  foot :  so  that  by 
means  of  this  last  scale,  dimensions  arc  taken  in  feet  and 
tenths  and  hundredths,  andmukiplied  togethei  as  «emm«n 
decimal  numben,  which  is  the  best  way. 

On  the  one  part  of  the  other  face  arc  four  lines,  mark- 
ed A,  t,  c,  D,  the  two  middle  ones  x  and  c  being  on  a 
slider,  which  runs  in  a  groove  made  in  ibe  stock.  The 
i  numbers  serve  for  both  these  two  middle  lines,  the 


This  rule  is  often  cousidered  as  of  two  kinds,  y'is:,Direcl',  ■ 
and  htBcTK. 

Ruie-qf-Viree  Direct,  is  that  in  which  more  requires 
more,  or  less  requine  less.  As  in  this ;  if  3  mefi  mow  21- 
yards  of  grasH  in  a  certain  time,  how  much  will  6  men 
mow,  in  the  same  time?  Here  more  requires  more,  that, 
is,  6  men,  which  are  more  than  3  men,  will  also  perform 
more  work,  in  the  same  time.  Or  if  it  were  thus:  if  6'. 
42  yards. 


one  line  being  above  the  numbers,  and  the  other  Itclow  same  time  F  Here  then  less  requires- less,  or  3  men  tvill- 

them. — These  four  are  logarithmic  lines,  and  the  three  perform  proportionally  less  work,  in  the  same  time.     In 

xf  B,  c,  which  are  all  equal  to  one  another,  are  double  both  these  cases  then,  the'rule,  or  the  pToportwa,.is  di-- 

lines,  as  they  proceed  twice  over  from  1   to  10.     The  rect;  and  the  stating  must  be 

lowest  line  a  is  a  single  one,  proceeding  from  4  to  40.     It  thus,      as  3  :  6  ; :  21  :  43,. 

is  also  called  the  girt  line,  from  its  use  in  computing  tJie  or  thus^as  6  :  3  :  :  42  :  31. 

contents  of  trees  and  timber  :  and  on  it  are  marked  we-  Sule^-Thrte  htecrte,  is  when  more  requires  lessj  or' 

at  17')Ji  and  &g  at  18  95,  the  wine  and  ale  gauge  points,  less  requires  more.     As  in  this;  if  3  men  mow  a  certain' 

to  make  this  inslmment  serve  the  purpose  of  a  gauging-  quantity  of  grass  in  14  hours,  in  how  many  hours  will' 

-rule, — On   the  other  part  of  this  face  is  a  Mble  of  the  6  men  mow  the  like  quantity  r     Here  it  is  evident  that  6> 

value  of  a  toad,  or  50  cubic  feet,  of  timber,  at  all  prices,  men,  being  more  than  3,  will-perform  the  same  work  in> 

from  fid.  to  2s.  afoot.  less  time,  or  fewer  hours;  hence  then  mere  requires  less,. 

When  1  at  the  beginning  of  any  line  is  accounted  only  and  the  rule  or  question  is  inverse,  and  must  be  stated 

I,  then  the  1  in  the  middle  is  10,  and' the  10  at  the  end  by  making  the  number  of  men  change  places,  thus,  as- 

100;  but  when  the  1  at  the  beginning^is  accounted  10,  6  r  3  :  :  14  :  7  boors,  the  time  in  which  6  men  will  per-- 

then  1  in  the  middle  is  100,  and  the  10  at  the  end  lOOO  ;  form  the  work  ;  still  multiplying  the  2d  ajid  3d  terms  to- 

and  so  on.     All  the  smaller  divisions  being  als<o  altered  gether,  and  dividing  by  the  igt. 

proportionally.  For  various  abbreviations,  and  other  par tieulan  relating  ■ 

By  means  of  this  rule  ^1  the  usual  operations  of  arith-  to  these  rules,  see  my  books  of  arithmetic, 

neticmay  be  ea^ly  and  quickly  performed,  as  multipli-  DoiibleRx3UE,-of'Three,otCfmpoimdPTOportifm,\%vi\iWQ 

cation,  division,  involution,  evotulioD,  finding  mean  pro-  two  statings  are  required  to  be  wrought,  or  to  be  com- 

portionals,  3d  and  4th  proportionals,  or  the  rule-of-three,  bined  together,  to  find  out  the  number  sought. 

tic.    For  all  which,  see  my  Mensuration,  part  5,  sect,  3^  This  rule  may  be  performed,  either  by  working  the  two  ■ 

Rules  of  PhiloKphiiing.     See  Philosofhizino.  statings  or  proportions  srparati'ly,  making  the  result  or  4th  > 

Rule,  in  Arithmetic,  denotes  a  certain  mode  of  opera-  term  of  the  1st  operation  to  be  the  3d  term  of  the  last  ■ 

tion  with  figures,  to  find  sums  or  numbers  unknown,  and  proportion ;  or  else  by  reducing  the  two  statings  into  one, . 

to  facilitate  computations. — Each  rule  in  arithmetic  has  by  multiplying  the  two  first  terms  together,  and  the  two 

~s  particularnamc,  according  to  the  use  for  which  it  is  third  terms  together,  and  using  the  productsas  the  Island 

The  first  four,  which  serve  as  ^-foundation  of  3d  terms  of  the  compound  stating.     As,  if  the  question '■ 


,  Google 


R  0  S  [344 

be  this :  If  lOOI.  in  3  ycaTs  yield  91.  intomt,  how  mlich 
will  5001.  yield  in  6  years.     Here,  the  two  statingi  art, 

-}    :9.:    {»S 
Then,  (o  work  the  two  staling*  tepanitely,  . 
a*  100  :  9  :  ;  if  0  :    4^/. 
and    2:6::    45  :  135/. 
to  that  1351.  is  the  intere«t  or  answer  sought.  But  to  work 
by  one  stating,  it  will  be  thus, 
lOQ  500 

2  6 

200  :  9  :  :  3000:  135/.  the  answer. 
2-00  )  27000  (  135/. 
S«e  the  bouks  of  arithmetic  for  raorc  particulars. 
Central  Rule.     See  Centual  RuU. 
ParaUel  Ruler.     See  Parallel  Ruler. 
RUMB.     SeeKHUHB. 

RuHB-Idne,  or  Loxodrtmie.     See  Rhomb-^'hc. 
IHIaTlC,  in  ArchitectuTe,  denotes  a  manner  of  build- 
ing in  imitatian  of  simple  or  rude  nature,  rather  than  ac- 
cording to  the  rules  of  art. 
■Rustic  Suoi'n.     See  QuotH. 

Rustic  Work  is  wberw  the  stones  in  the  face  &c  of  a 
building,  instead  uf  being  smooth,  are  hutched  or  picked 
with  the  point  of  an  instrument. 

RegHiar  Rustics,  are  those  in  which  the  atones  are 
chamfered  off  at  the  edges,  and  form  angular  or  square  re- 
cesses of  about  an  inch  deep  at  their  jointings,  or  beds, 
and  ends. 


Rustic  Oritr,  is  an  order  decorated  with  rasfac  quoins 
or  rustic  work,  &c.  ^         ' 

RUTHERFORD  (Thomas,  a  D.),- an  ingenious  En- 
glish philosopher,  was  the  son  of  the  Rev.  Thomas  Ruther- 
ford, xwior  of  PapwOrth  Everard  in  the  county  of  Cam- 
bridge, who  had  made  large  selections  for  the  historv  of 
that  county.  He  was  born  the  iSth  of  October  1712  He 
studied  at  Cambridge,  and  became  fellow  of  St  John's 
college,  and  rcgiu*  professor  of  divinity,  in  that  university  - 
afterwards  rector  of  Shenfield  in  Essex,  and  of  Barley  m 
Hertfordshire,  and  archdeacon  of  Essex.  He  died  Octo- 
ber 5,  1 771 ,  at  S9  years  of  age. 

Dr.  Rutherford,  besides  a  number  of  theological  writ- 
ings, published,  atCai^bridge, 

1.  Ordo  Institution  urn  Physicarum,  1743,  in  4io. 

8.  A  System  of  Natural  Philosophy,  in  2  vols  410 
17*8.    A  work  which  has  been  much  esteemed.       '       ' 

3.  He  communicated  also  to  the  Gentleman's  Society 
at  Spalding,  a  curious  correction  of  Plutarch's  description 
of  the  instrument  used  to  renew  the  vestal  fire,  as  relating 
to  the  triangle  with  which  the  instrument  was  formed.  It 
was  nothing  more,  it  seems,  than  a  concave  speculuni 
whose-  principal  focus,  which  collected  the  rays,  is  not  in 
the  centre  of  concavity,  but  at  the  distance  of  half  a  dia- 
meter from  iu  surface.  But  some  of  the  ancients  thought 
otherwise,  as  appears  from  prop.  31  of  Euclid's  Cato». 
tries.  ' 


SAG 

C  IN  books  of  Navigation,  &c,  denotes  south.  So  also 
*^*  B.  E.  is  south-east ;  9.  w.  south-west;  and  s.  s.  b. 
south -south-east,  &c.     See  Compass. 

SACROBOSCO.     See  HoLYwoon. 

SAGITTA,  in  Attrnnomy,  the  Attow  or  Dart,  a  con- 
stellation of  (he  northern  hemisphere  near  the  eagle,  and 
one  of  the  48  old  aslirisms.  The  Greeki  say  ihat  this  con- 
stellation owes  its  origin  to  one  of  the  arrows  ofHercules, 
with  which  be  killed  the  eagle  or  vulture  that  gnawed  the 
liver  of  Prometheus.  The  stars  in  this  constellation,  in  the 
catalogues  of  Ptolemy,  Tycho,  and  Hevelius,  are  only  5, 
but  in  Flamsteed's  they  are  extended  to  1 8. 

Sacitta,  in  Geometry,  is  a  term  used  by  some  writera 
for  the  absciss  of  a  curve. 

Sagitta,  in  Trigononictry  &c,  is  the  sameas  the  versed 
sine  of  ftu  arch  ;  being  so  calleil  because  it  is  like  a  dart 
or  arrow,  slaiiHin;;  on  the  chord  of  the  arch. 

SAGI'lTARIUS,  Sarittaey,  the  /Irc/ier,  one  of  the 
ngns  of  the  zodiac,  being  the  9tb  in  order,  and  marked 
with  the  charucler  /  of  a  dart  or  arrow.  This  constcU 
laliun  is  drawn  in  tjic  figure  of  a  Centaur,  or  an  animal 
half  man  and  half  horse,  in  the  act  of  shooting  an  arrow 
frum  a  bow.  This  figure  the  Greeks  feign  to  he  Crotus, 
the  son  of  Eupliime,  thenurscofthi'  muses.  Among  more 
ancient  nations  the  figure  was  probably  meant  for  a  hunt- 
er, to  denote  the  hunting  si-ason,  when  the  sun  enters  this 
sign.  The  star*  in  this  ccinstellaiion  are,  in  Ptolemy's  ca- 
talogue 31,  in  Tycbo's  l-l,  in  Heveliiis's  22,  and  in  the 
llritaiiiiic  catalogue  GO- 


SAILING,  in  a  general  sense,  denotes  the  movement  hr 
which  a  vessel  is  wafted  along  the  surface  of  the  water,  by 
the  action  of  the  wind  upon  her  saib.  Sailing  is  also  used 
for  the  art  or  act  of  navigating ;  or  of  determining  all  the 
-cases  of  a  ship's  [notion,  by  means  of  sea-charts  &c.  These 
charts  are  constructed  cither  on  the  supposition  that  the 
earth  is  a  large  extended  flat  surface,  whence  we  obtain 
those  that  are  called  plane  charts  ;  or  on  the  supposition 
that  the  earth  is  a  sphere,  whence  are  derived  globular 
charts.  Accordingly,  sailing  may  be  distinguished  into 
twogencraIkinds,vi£,  Plane  Sailing,  and  Globular  Sailing. 
Sometimes  indeed  a  third  sort  is  added,  viz.  Spheroidical 
Sailing,  which  proceeds  on  the  supposition  of  the  sphe- 
roidical figure  of  the  earth. 

Plam:  Sailihu  is  that  which  is  performed  by  .means  of 
a  plane  chart!  in  which  case  the  meridians  are  considered 
as  parallel  lines,  the  parallels  of  latitude  are  at  right  angles 
to  the  meridians,  the  lengths  of  the  degrees  on  the  meri- 
dians, equator,  and  parallels  of  latitude,  are  every  where 
equal.  In  plane  sailing,  the  psincipal  terms  and  circum- 
stances made  use  of,  are,  course,  distance,  departure,  dif- 
ference of  latitude,  rhumb,  &c ;  for  as  to  longitude,  that 
has  no  place  in  plane  sailing,  hut  belongs  properly  to  gl(>< 
bular  or  spherical  sailtn".  The  explanation  of  all  whicb 
terms,  are  given  under  the  respective  articles. 

If  a  ship  sails  either  due  north  or  south,  she  sails  on  a 
meridian,  her  distance  and  difference  of  latitude  are  the 
same,  and  she  make^  no  departure :  but  where  the  ship 
sails  either  dae  east  or  west,  sfao  runs  on  a  parallel  of  Isti- 
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tade,  making  bo  difference  of  latitude/ and  her  departure 

and  distance  are  the  same.     It  may  further  be  observed, 

that  the  departure  and  difference  of  latitude  always  make 

the  legs  of  a  right-angled  triangle,  whose  bypothenuse  ii 

the  distance  the  ship  has  sailed  ;  and  the  angles  are  the 

course,  its  complement,  and  the  right  angle;  therefore.    And  all  these  pgtrtkulars  will  be  alike  represented,  wW 

among  these  four  things,  course,  distance,  difference  of    their  the  ship  sails  in  the  nb,  or  nw,  or  be,  or  sw  quarter 

latitude,  and  depaTture,  any  two  of  them  being  given,  the       ' "' "  '^ 
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AB  becomes  the  dif.  of  lat 
BC  the  departure, 
AC  the  distance  sailed, 
DAC  is  tltecounte,  and 
Z.UCA  the  comp.  of  the  course. 


may  be  found  by  plane  trigono- 
metry. Thus,  in  iheanncxed  figure, 
suppose  the  circle  fiifb  to'repre- 
lenttbe  horizon  of  the  place  a,  from 
whence  a  ship.sails;  AC  the  rhumb 
she  sails  upon,  and  c  tbe  place  ar- 
rived at  :  then  nH  lepreaenis  the  pa- 
rallel of  latitude  she  sailed  from,  and 
cc  the  partUlcl  of  the  latitude  arrived 
in :  so  that 


From  the  same  figure,  in  which 

AB  or  AF  or  AH  represents  tbe  rad.  of  the  tables, 

#B  the  sine  of  the  courM, 

AB  ihc  cosine  of  the  course,  , 

we  may  easily  deduce  all  the  proportions  or  canons,  as 
they  are  usually  called  by  marinen,  that  can  arise  in  plane 
■ailing  ;  because  the  triangles  adc  and  abb  and  ato  are 
evidently  similar.  These  proportions  are  exhibited  in  the 
ibllowing  table,  which  consists  of  6  cases,  according  to  the 
varieiiet  of  the  two  parts  that  can  be  ^ven. 


Cue. 

Gi»en. 

R*qulr«l. 

'      Solution. 

1 

£.K    and    AC, 
i.e.  course  and 
distance. 

AD     and     DC, 
i,  c.  difference 
of  latitude  and 
departure. 

AE    :    AB    :    :  AC  :  ad,   \-.    e. 
rad.  :  s.  coutse  :  :  diit.  :  dif.  laL 
AB    :    EB    :    :    AC  :  dc,  i.  e. 
rad. :  cos.  course  : :  dist. :  depart. 

2 

Ck    and    AD, 
i.«.  course  and 
diSerence      of 
latitude. 

AC     and     DC, 
i.   e.    distance 
and  departure. 

AB    :    AE    :    :    AD  :  ac,   i.e. 
COS.  cour. :  rad.  :  :  dif.  lat. :  dist. 
AH    :    BE   ;    :  ad    :    bc,    i.  e. 
coj".  cour.:  s.coor. : ;  dif.  lat  :dep. 

3 

Z.A    and    DC, 

i.  e.  course  and 
departure. 

AC     and    AD, 
i.  e.    distance 
and  difference 
of  latitude. 

BE    :    AE    :    :    DC   :    ac,  i.  e, 
t.  cour. :  rad.  :  :  depart. :  dist. 
BE.  :    AB    :    :    nc    :    ab,  t.  e. 
s.  cour. : cos. cour. : : dep. ; dif.lat. 

4 

AC    and     AD, 
i.  e.    distance 
and    difference 
of  latitude. 

A*     Wld      BC, 

i.  e.  codrse  and 
departure. 

AC    :    AB   :    :    AB    :  ab,  i.  e. 
dist :  dif.  lat. : :  rad. :  cos.  course. 
AE    :    EB    :    :    AC  :  DC,  i.  e. 
tmd.  :  B.  course  :  :  disc  :  depart- 

'      5 

AC     and    DC, 
i.  e.     distance 
and  departure. 

i-K   and    AD, 

i.  e.  course  and 
difference  ofla- 
titude. 

AC    :    BC    :    :    AB    :    £B,    i.  e. 
dist. :  dep.  :  :  rad.  ;  s.  course. 
AB   :    AB   :    :    AC    :    ab,  i.  e. 
rad. :  cos.  cour. : :  dist. :  dif.  lat. 

6 

AD     and     DC, 
i.  e.  difference 
of  latitude  and 
departure. 

i.A    and    AC 
i.e.  course  and 
distance. 

AD   :   DC   :   :   AF   :    ro,   1.  e. 
dif.lat :  dep. : :  rad. :  tang,  course. 
BE    :    AB    :    :    DC    :    ac,  i.  e. 
s.  cour.  :  rad. :  ;  dep.  :  distance. 

For  the  ready  working  of  any  single  course,  there  ij  a 
table,  calWd  a  Traverse  Table,  nsuAlly  annexed  to  books 
of  navigation ;  which  is  so  contrived,  t^al  by  finding  the 
f;tvcn  course  in  it,  and  a  distance  not  exceeding  100  or 
120  miles,  the  usual  extent  of  the  table;  then  the  differ- 
ence of  latitude  and  the  departure  are  had  by  inspection. 
And  the  same  table  t  " 
doubling,  or  trebling, 


aflat;  which  is  1°SI|';  and  this  being  taken  from  the 
given,  lat.  47°  atf.  leave*  46°  8f  for  the  lat.  come  to. 

3.  By  GmMruciion.      Draw  the  meri- 
dian AD ;    and    drawing  an  arc,   with 
the  chord  of  6o,  make  pq  or  angle  a 
equal  to  3  points ;  through  Q  draw  the 
for  greater  distances,  by     distance  a(JE  =  ^8  miles,  and  through 
quadrupling,  &c,  or  taking  pro-     e  the  departure  eb  perp.  to  ad.     Then, 


port i ana)  parts.     SeeTiiAVBasE  Table.  by  measuring,  the  diff.  of  lat.  a 

An  ex.  to  the  first  c^  may  suffice  to  show  the  method,     about  81}  miles,  and  the  departure  db 

'Thus,  a  ship  from  the  latitude  47°  30'  n,  has  sailed  sw     about  54i  miles. 

by  G  98  miles ;  required  the  departure  made,  and  tbe  la-         3.  By  Compulation. 

titude  arrived  in.  "" 

J.  By  the  Traoertt  Table.   In  the  column  of  the  course, 

viz.  3  points,  against  the  distance  98.  stands  the  nutnber 

54-45  milea  for  the  departure,  and  8L-5  miles  for  the  diff, 
VoL.lI. 


First,  as  radius 10  00000 

to  sin.  course  33°,45'  -  -  -     974474 

so  dist.  98 -  rssias 

to  depart.  54-45 173597' 
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Again,  *s  radius  ...  -  -  10*00000 

to  COS.  COUMc 9-91985 

•odiat  98 1-99123 

to  diir.  uflat.  81-48  ---  l-9LI0a 
.4.  By  Gunici^s  Scait.  The  extent  from  radius,  or  8 
points,  to  3  points,  on  the  line  oftino  rhumbs,  applied  to 
the  line  of  numben,  will  reach  from  98  to  54}  the  de- 
parture. And  the  extent  from  8  points  to  5  points,  of  the 
rhumbs,  rcHchrs  from  98  to  81}  on  the  line  of  numbers, 
for  the  difference  of  latitude. 

And  in  like  manner  for  other  cases.  ^ 

Thivtrte  SAiLma,  or  Coaipouad  Coufia,  is  the  uniting 
of  Kverai  cases  of  plane  sailing  into  one ;  as  when  a  ship 
■alls  in  a  ligiag  manner,  certain  distances  upon  several 
difierent  courses,  to  find  the  whole  ditfereoce  of  latitude 
and  departure  made  good  on  all  of  them.  This  is  done  by 
working  all  (he  case*  separately,  by  means  of  the  traverse 
table,  and  coostnicting  the  figure  as  in  the  following  ex* 
ample. 

Ex.  A  ship  sailing  from  a  place  In  latitude  34°  33'  m, 
has  run  five  diflcrent  courses  and  distances,  a<i  set  down  in 
the  1st  and  2d  columns  of  the  following  traverse  table; 
re<)uitcd  her  present  latitude,  with  the  departure,  and  the 
diract  course  and  distance,  between  the  place  sailed  from, 
atad  the  place  come  to. 

.  TrODO-ie  Tabk. 
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from  A  to  B,  alsQ  draw  bc  =  50  and  parallel  to  a  t^ 
and  CD  s  30  parallel  to  a  S,  and  de  =  60  parallel  to 
A  4,  and  Ei  =  5s,  parallel  to  a  j ;  then  it  is  found  that 
the  point  V  falls  exactly  5n  the  meridian  naf  produced, 
thereby  showing  that  there  is  no  departure  ;  and  by  mea- 
suring AF,  it  gives  llgmilrs  for  the  difference  of  latitude. 

Obliqat  Sailing,  is  the  resolution  of  certain  casta  and 
problems  in  sailing  by  oblique  triangles,  or  in  which  ob- 
lique triangles  are  concerned.  In  this  kind  of  sailing,  it 
may  be  observed,  that  lo  let  an  ol^ect,  meaits  to  observe 
what  rhumb  or  point  of  the  nautical  compass  is  directed 
to  it.  And  the  btaring  of  an  object  is  the  rhumb  on  which 
-  it  is  seen  ;  also  the  bearing  of  ooe  place  from  another,  is 
reckoned  by  the  name  of  the  rhumb  passing  through  thosa 
two  places. 

In  every  figure  relating  to  any  case  of  plane  sailing,  the 
bearing  of  a  line,  not  running  from  the  centre  of  the  circle 
or  horiaon,  is  found  by  drawing  u  line  parallel  to  it,  from 
the  centre,  and  towards  the  same  quarter. 

Ex.  A  ship  Euiling  at  sea,  observed  a  point  of  land  to 
bear  s  by  s  j  and  then  afier  sailing  ne  12  miles,  its  bear- 
ing was  found  to  be  sr  by  e.  Required  the  place  of  that 
point,  and  its  distance  from  the  ship  at  the  Iqsi  obitiiva- 
tiotu 


Gmno. 

IKm. 

N-. 

S. 

E.' 

w. 

■  wbs 

45 

250 

37-4 

XSB 

50 

J91 

46^ 

■w 

30 

21-a 

21-« 

SEbK 

60 

3,13 

49-9 

BW  b  8  J  W 

63 

50*6 

37-5 

1*9  3 

96-1 

9S-i 

Here,  t>y  finding,  in  the  general  traverse  table,  the  differ- 
ence of  latitude  and  departure  an*«)rering  to  each  course 
and  distance,  they  arc  set  down  on  the  same  lines  with 
each  course,  and  in  their  proper  columns  of  northing, 
southing,  easting,  or  westing,  according  to  the  quarter  of 
the  compass  the  ship  sails  in,  at  each  course.  As  here, 
there  is  no  northing,  the  differences df  latitude  are  all  south- 
ward, also  two  departures  are  eastward,  and  three  are 
westward.  Then,  adding  up  the  numbers  in  each  culumn, 
the  sum  of  ih<?  eastings  appears  to  be  exactly  equal  to  the 
sum  of  (he  westings,  consequently  the  ship  is  arrived  in 
the  same  meridian,  without  making  any  departure;  and 
the  southings,  or  difference  of  Idtitude  being  149-2  miles  or 
'  minutes, 

that  is  -  - 3°  29*, 

which  taken  from*  -  -  -  24   32, 

the  latitude  dcp-  from, 
leaves 22      3h, 

the  latitude  come  to. 

To  Gmtirtici  this  Traverse.  With 
the  chord  of  60  degrees  describe 
the  circle  ir  s  &c,  and  quarter  it  by 
the  two  perpendicular  diameters; 


then  from  s 


t  upon 


t, the  several 


courses,  to  the  points  marked  1,2, 
3,  4,  5,  through  which  points  draw 
lines  front  the  centre  a,  or  conceive 
'  ibem  to  be  drawn ;  lastly,  upon  the 
iint  line  lay  off  the  first  distance  4S 


Cmulniciion.  Draw  the  meridian  line  xas,  and,  as^ 
suming  a  for  the  first  place  of  the  ship,  draw  ac  the  B  by  e 
rhumb,  and  ab  the  KE'one,  upon  which  lay  off  12  milei 
from  A  to  B  i  then  draw  the  meridian  bt  parallel  to  K3, 
from  which  set  off  the  se  by  e  point  Bc,  and  the  point  o 
will  be  the  place  of  the  land  required ;  then  the  distance' 
BC  measures  26  miles. 

Or  thus,  describe  the  circle  ^_ 
VEs  &ci  and  draw  ns  and  ae 
cutting  each  other  at  right 
angles  in  the  centre  A ;  which  is 
supposed  to  be  the  place  of  the 
ship.  Draw  also  a  B  the  DC  line, 
A  I  the  E'by  B,  and  a  3,  the  SE 
by  Eline.  TgkcAB  ;=12,  and 
draw  BC  parallel  to  a  3,  then 
proiince  a  1  till  it  cuts  bc  inc, 
so  shall  c  be  the  point  of  land,  which  measures  36  milts 
as  above. 

By  Compulation,  Here  are  given  the  side  a  a,  and  the 
two  angles  a  atid  b,  viz,  ibe  ^a  =:  5  points  or  56°  15', 
and  the  Z.b  ==9  points  or  101°  15';  consequently  the 
Z.C  =  2  points  or  22°  io".  ThBn,iby  plane  trigonome' 
try, 

As  sin.  ^c  22°  siy  -  -  .  .  g-j8384 
To  tin.  ^B  56    15    ---.^-9198$ 
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miic*     ■  -  -  -  -  1'079I8  Now  the  first  coxme  will  be  on  one  of  these  rhumbs,  ae- 

a   '  -  -  '  l'4tl]l9  cording  to  ihc  tack  the  ship  leads  with.     Draw  a  line 

working  the  ship  towards  that     "'7"«''  *^«  ?,''"'L'?"'"'_  f'-  P*"^ff ' .'°  "'^.*"^*'  '^'"*'^: 


So  H  A«  13  mii< 
To  BC  26-073  r 
Sailing  to  Windward, 
qiianer  of  the  compass  from  which  the  wind  blows. 
For  rightly  understanding  this  part  of  i 
,  be  necestary  to  explain  the  terms  that  occur  in  it,  though 
most  oTlhem  may  be  seen  in  their  proper  pi 


n  the  wind 


and  meeting  the  first ;  snd  this  will  show  the  coarse  and 
■  .     ■,,     distance  on  the  other  tack. 
ipiUon,itwill         ^   .j,(^^  ^jjjj  ^i„g  ^^  ^g^^j,^  ^^j  ,  j^ip  i„y„j,  to  a 

port  25  miles  directly  to  windward  ;  beginning  with  the 
starboard  tacks,  what  must  be  the  coui-se  and  distance  on  ■ 


is  directly,  or  partly  against'a  g^^h  ^f  t^^,  tacks  to  reach  th<- port  f 
ti,„  „i.«  .1.-  ,.  i«„nrf  ,n  .W  Construction.  Having  drawn  the  dn:le  &c,  as  above 
described,  where  a  is  the  port,  ap  and  aq  the  two 
rhumbs,  each  within  6  points  of 
am;  in  KA  produced  take  ab  = 
25  miles,  then  B  is  the  place  of 
the  ship;  draw  bc  parallel  Co  af, 
and  meeting  qa  produced  in  c; 
so  shall  BC  and  ca  be  the  distances 
on  ihe  tWo  tacks  ;  the  former  being 
VKw,  and  the  latter  EME. 

Compulation. 
Here     Z.B  =r  kaf  =  6  points, 
and       ^  A  =  NAQ  =:  6  puinu, 
theref.  Z.C  =  4  points. 
So  that  all  the  angles  arc  given,  and  the  side  ab,  to  find 
the  other  two  sides  ac  and  bc,  which  are  equal  to  each 
other,  because  their  opposite  angles  a  and  b  arc  e<iual. 
Hence,  as  sin.  c  :  ab  :  :  sin-  A  :  BC, 
i.  e.    s.  45°  :  25  :::  67°   30*  :  Saj  =  bc  or  ac,    the 
distance  (o  be  run  on  each  tack. 

Sailiho  in  Carrent$,  is  the  method  of  determining  the 
true  courw  and  distance  of  a  ship  when  her  own  motion 
is  affected  and  combined  with  that  of  a  current. 

A  current  or  tide  is  a  progressive  motion  of  the  water, 
causing  all   floating  bodies  to  move  that  way  towards 


ship's  direct  course  for  the  place  she  is  bound  to,  she 
leacbcs  b'er  port  by  a  kind  of  zigzag  or  z  like  course; 
which  is  made  by  sailing  with  the  wind  first  on  one  quar- 
ter, and  then  on  the  other. 

In  a  ship,  when  you  look  towards  the  head* 

Starboard  denotes  the  right  hand  side  ; 

Larboard,  the  left  hand  side; 

Forwards,  or  afore,  is  towards  the  head ; 

Aft,  or  abaft,  is  towards  the  stern.  I'he  Beam  means 
athwart  or  across  the  middle  of  (he  ship. 

When  a  ship  sails  the  same  way  that  the  wind  blows, 
she  it  said  to  sail  or  run  before  the  wind  ;  and  the  wind 
is  said  to  be  right  aft,  or  right  astern;  and  her  course  is 
then  l6  points,  or  the  farthest  possible,  from  the  wind, 
that  is,  from  the  point  the  wind  blows  from.— When  the 
ship  sails  with  the  wind  blowing  directly  across  her,  she. 
is  said  to  have  the  wind  on  the  beam ;  >nd  her  course  is 
■«  points  from  the  wind. — When  the  wind  blows  obliquely 
across  the  ship,  the  wind  ia  said  to  be  abaft  the  beam 
srben  it  punues  her,  or  blows  more  on  the  hinder  part, 
but  before  the  beam  when  it  rqeets  or  opposes  her  coarse, 
her  course  being  more  than  8  points  from  the  wind  in  the 
former  case,  but  less  than  8  points  In  the  latter  case. — 
When  a  ship  endeavours  to  sail  towards  that  point  of  the 

compass  from  which  the  wind  blows,  she  is  said  to  sail  on     ^  ^__   ^^         ^_^^  ^^  ^^^^^  ^^^^  _^^_ 

.  ply  to  windward.-And  a  vessel  sailing  a.    ,i,ich  the  stream  is  directed.-The  setting  of  a  tide, 
""  >o  the  point  from  which  the  wind  blows,  ...  .    .  °     ,      . .  . 


near  as  si 
is 


aid  to  be  close  hauled.     Most  ships  will  lie 


vithin 


current,  is  that  point  of  the  compass  towards  which  the 


„      .         ,,.,,,-         I  ..         waters  run  ;  and  the  drifl  of  the  current  u  •.•"-  •>»  •>•. 

about  6  points  of  the  wind ;  butjl oops,  and  some  oiber     ^^-^^^  ■^^  ^^^^  ^^  ^^^^ 

The  drift  and  setting  of  the  most  remarkable  tides  and 


vessels,  will  lie  much  nearer.  To  know  hi 
-  wind  a  ship  will  lie ;  observe  the  course  she  goes  on  each 
4ack,  when  she  is  close  hauled  ;  then  half  the  number  of 
{loints  between  the  two  courses,  will  show  how  near  the 
wind  the  ship  will  lie. 

irindward,  or  weather  side,  is  that  side  of  the  ship 


currents,  are  pretty  well  known  ;  bat  for  unknown  cur- 
rents, the  usual  fray  to  find  the  drift  and  setting,  is  thus : 
Let  three  or  four  men  take  a  boat  a  little  way  from  tho  '■ 
ship;  and  by  a  rope,  fattened  to  the  boat's  st^m,  let  down 
a  heavy  iron  pot,  or  loaded  kettle,  into  the  sea,  to  th« 


on  which  the  wind  blows ;  and  the  other  side  is  called  the  depth  of  80  or  100  fathoms,  when  it  can  be  done  :  by 

leeward,  or  lee-side.-^Tacks  and  sheets  are  large  ropes  ■■  "                ■     '           ...    ■  -      .                .     . 
-fattened  to  the  lower  corners  of  the  fore  and  main  sails ; 
-by  which  either  of  these  corners  is  hauled  fore  or  aft. — 

When  a  ship  sails  on  a  wind,  the  windward  tacks  area!-     

ways  hauled  forwards,  and  the  leeward  sheets  aft — The  jgg  shows  the  setting  of  the 


'hich  means  the  boat  will  ride  almost  as  steady  a 
chor.  Then  heave  the  log,iind  the  number  of  knots  run 
out  in  half  a  minute  will  give  the  rate  of  the  current,  or 
the  miles  which  it  runs  per  hour ;  and  the  hearing  of  the 


A  body  moving  ia  a  current,  may  be  conudeted  in  three 


■aUlrboard  tacks  are  aboard,  when  the  starboard  side 

windward,  and  the  larboard  side  to  leeward.     And  the     _ 

larboard  tacks  are  aboard,  when  the  larboard  side  is  to  j.  Moving  with  the  current,  or  the  same  way  it  seU. 

■   -windward,  and  the  starboard  to  leeward.  2.  Moving  against  it,  or  the  contrary  way  it  sets. 

The  mott  common  cases  iu  turning  to  windward  may  3.  Moving  obliquely  to  the  current's  motion.               . 

be  constructed  by  the  following  precepts.     Having  drawn  In  the  1st  case,  or  when  a  ship  sails  with  a  current,  itq 

A  circle  with  the  chord  of  6o^,  to  represent  the  horiion  velocity  will  be  equal  to  the  sum  of  its  proper  motion, 

■<if.the  place,  quarter  it  Ly  drawing  the  meridian  and  and  the  current's  drift.     But  in  the  2d  case,  or  when  a 

.'parallel  of  latitude  pej^pendiqular  to  each  other,  and  both  ship  sails  against  a  current,  its  velocity  will  beequal to  tba  ' 

through  the  centre;  mark  the  place  of  the  wind  in  the  differeiice  df  her  own  motion  and  the  drift  of  the  current  : 

•circumference;    draw  the   rhumb  paHing  through  the  so  that  if  thi:  cunenl  drives  stronger  than  the  wind,  the 

place  bound  to,  and  lay  on  it,  from  the  centre,  the  dis-  ship  will  drive  astern,  or  lose  way.     In  the  Zi  case,  when 

tance  of  that  place.     On  each  side  of  the  wind  lay  off,  {he  current  sett  oblique  to  the  course  of  the  ship,  her  real 

in  the  circumference,  4he  points  or  'degrees  showing  how  course  or.  that  made  good^  will  be  somewhere  between 

near  ihe  wind  the  ship  can  lie;  and  draw  these  rituntbt.  diatlu  which  the^ip  endeavours  to  go.  and  thedirectiou 
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of  the  current ;  and  indeed  it  will  always  be  along  the    uticlesRBVut-lMe,Merv9tor'MCuAJfD,ini}iaM.iDjo«Ai. 
diugoniil  of  n  parullelograin,  of  which  one  side  repre-     Paris;  which    -- 


ihe  (iireclio 


Globular  Sailing,  in  the  extensive  sense  here  applied 
to  the  term,  comprehends  Purallel  Sailing,  Middle-lati- 
tude Siiiling,  and  Mcrcator's  Sailing;  lo  which  may  be 
added  Circular  Sailing,  or  Oreat-circle  Sailing.  Of  each 
of  which  it  may  be  proper  to  give  a  brief  account  in  this 
place.    . 

PartUUl  SAit,is«  is  the  art  of  finding  what  distance 
ft  sbio  sliould  run  due  cast  or  west,  in  sailing  from  the 
meridian  of  one  place  to  that  of  another,  in  any  parallel 
of  InlJtude. 

The  computations  in  parallel  sailing  depend  on  the 
following  rule : 

As  radius, 

To  cosine  of  the  lat.  of  any  parallel ; 

So  are  the  miles  of  long,  between  any  two  meridiaoi, 

To  the  dist.  of  these  meridians  in  that  parallel. 
Also,  far  any  two  latitudes, 

As  the  cosine  of  one  latitude. 

Is  to  Ihe  cosine  of  another  latitude  ; 

So  is  a  given  meridional  dist.  in  the  lat  parallel, 

To  the  like  meridional  diat.  in  the  2d  parallel. 

Hence,  counting  6o  nautical  miles  to  each  degree  of 
longitude,  or  on  the  equator  ;  then,  by  the  fin<t  rule  the 
number  of  miles  in,  each  degree  on  the  other  parallels, 
drawing  the  rhumbs  for  the  proper  course  of    will  be  found  as  in  the  following  table. 


sents  the  ship's  course  set,  and  the  other  adjoining  side 
thecurreut's  drift. 

Let  AB  be  the  direction  of  the 
the  vcss<;l  when  acted  on  by  wind  i 
and  AS  the  distance  the  ship 
run  in  any  given  time,  by  the 
t){  this  force;  also  let  ac  be  the 
rection  of  the  current^  and  the  d 
lance  the  ship  would   he  carried, 
the  same  time  as  above,  by  this  foi 

only.  Draw  bd  parallel  to  ac,  aud  cd  parallel  to  ab, 
nH.-elii)g  BD  in  d,  and  join  ad  j  then  will  ad  represent 
the  real  course  of  the  vessel  when  acted  on  by  those 
two  forets  conjointly.  For  the  wind  neither  accelerates 
nor  retards  the  motion  of  the  ship  towards  th'e  line  co,  the 
current  therefore  will  bring  her  there  in  the  same  time  as 
if  the  wind  did  not  act.  And  in  the  same  manner,  the 
current  will  have  no  effect  on  the  motion  of  the  ship  in 
■the  direction  ab,  the  wind  therefore  will  bring  her  to 
ihe  line  bd  in  the  same  time  a^  if  the  current  did  not  act. 
Therefore  the  ship  at  the  end  of  that  lime,  will  be  found 
ill  both  thiisc  lines,  that  is,  in  their  point  of  meeting  D. 
Consequently  the  ship  must  have  passed  front  a  to  d  in 
the  diagonal 

Henci 


!  ship  and  of  the  current,  and  setting  the  distances  off 
upon  them,  according  to  the  quantity  run  by  each  in  the 
given  time;  then  forming  a  parallelogram  of  tiieee  two, 
and  drawing  its  diagonal,  this  will  be  the  real  course  and 
distance  made  good  by  the  ship. 

Ex.  1.  A  ship  sails  k.  5  miles  av  hour,  in  a  tide  setting 
the  same  way  4  miles  an  hour :  required  the  ship's  course, 
and  the  distance  made  good. 

The  ship's  motion  is         5m,  e- 
The  current's  motion  is  4m.  E. 
Theref.  the  ship's  run  is  Jm.  a.  ' 
Ex.  2.  A  ship  sails  ssw.  with  a  brisk  gale,  at  the  rate 
of  9  miles  an  hour,  in  a  current  setting  nhe-  3  miles  an 


good. 


required  the  ship's  course)  and  the  disi 
8«w.  9m. 


'     Theref.  ship's  true  run  is  ssw.  7m. 

Ex.  3-  A  ship  running  south  at  the  rale  of  5  miles  an 
'  hour,  in  10  hours  crosses  a  (^rrenl,  which  all  that  time 
was  setting  east  at  the  rate  of  3  miles  an  hour ;  required 
the  ship's  true  course  and  distance  sailed. 

Here  the  ship  is  first  supposed  to  be 
at  A,  her  imaginary  course  is  along  the 
line  AB,  which  is  drawn  south,  and  equal 
to  SO  miles,  the  run  in  10  hours  ;  then 
draw  Bc  east,  and  equal  to  30  miles,  ihe 
run  of  the  current  in  10  hours.  'I'hen 
the  ship  is  found  at  C,  and  her  true  path 
is  in  the  line  ac  x  58*31  her  distance, 
and  her  course  is  the  angle  at  a  =  30° 
58'  from  the  south  towards  the  east. 

Globular  ^ail{vc  is  the  estimating  the  ship's  motion 
and  run  on  principles  derived  from  the  globular  figure  of 
the  earth,  viz,  her  course,  distance,  and  difference  of  lati- 
tude and  longitude. 

The  principles  of  this  method  are  explained  und^r  tb« 


I*t. 

MiW. 

Ur. 

Mile*. 

L>t. 

Mihs. 

1 

59-99 

31 

51-43 

61 

2909 

2 

59-96 

32 

50  88 

62 

2817 

3 

59-92 

33 

5032 

63 

27-S* 

'      4 

59-85 

34 

49-74 

..  64 

26-30 

5 

59.77 

35 

49-15 

65 

25-36 

6 

59-67 

"  36 

48*54 

66 

24-41 

7 

5956 

37 

4792 

67 

23-44 

8 

59-42 

38 

47'a8 

68 

32-48 

9 

59-'^6 

39 

46-63 

69 

21-50 

10 

5909 

40 

4596 

70 

20-52 

11 

58-89 

41 

45-28 

7i 

i9'ii 

12 

58-69 

42 

+459 

72 

18'54 

13 

58-46 

43 

43-88 

73 

1754 

14 

5&-2«- 

44 

4316 

74 

1654 

15 

5795 

45 

42-43 

75 

1553 

16 

57-67 

46 

41'68 

76 

■  14-61 

17 

57-38 

47 

4092 

77 

13-50 

18 

57*06 

48 

40-15 

78 

12-48 

19 

56-73 

49 

39-36 

79 

11*45 

SO 

56-38 

50 

38-S7 

80 

10-42 

St 

5601 

51 

37-76 

81 

938 

22 

55-63 

52 

36-94 

82 

8-35 

23 

55-23 

53 

■36*11 

83 

7-32 

S4 

54-81 

54 

3527 

84 

6*28 

25 

54-38 

55 

3441 

85 

5-23 

as 

5393 

56 

S3-55 

86 

418 

27 

53-46 

57 

32-68 

87 

3-14 

S8 

52-97 

58 

31-79 

88   , 

209 

29 

62-47 

59 

30*90 

89 

105 

30 

51-96 

60 

30-00 

90 

000 

See  another  table  of  this  kind,  allowing  69/7  English 
miles  to  one  degree>>  under  the  article  Deoree. 
-To  fiad  tbe  jneridioBol  distance  to  any  nnmber  of  ini* 
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nqfet  between  tny  of  the  whole  iegtta  in  the  table,  ai     when  the  parallels  are  near  the  equator,  or  near  to  eMh 


for  imUnce  in  the  pamllil  at  *»°  2& ;  take  out  the  ta- 
bular distances  for  (he  two  wliole  degrees  betweea  which 
the  parallel  ur  the  odd  minuEct  lie,  r»  fur  48°  and  49°  : 
subtract  the  one  from  the  other,  and  tuke  the  pruportiimal 
part  of  the  remajniler  for  the  odd  minutrs,  by  multiply- 
ing it  by  those  minutes,  and  dividiit^  by  60;  and  lasity, 
subtract  this  proportional  part  from  the  gri^ter  tabular 
numher.     Ill  us, 

4015 

3936 

0-79  r 


4?* 


Lat.  48" 
Lat.  49- 
AsfiO*  : 


other,  in  any  latitude,  the  error  is  not  considerable. 

This  method  leeroa  to  have  been  invented  on  account 
of  tbe  ea»y  manner  in  which  the  several  cases  may  be  re- 
solved by  the  traverse  table,  and  when  a  table  of  meri- 
dional parti  is  wanting.  The  computations  depend  oo 
the  following  rules: 

1.  Take  half  the  sum,  or  ihe  arithmetical  mean,  of  the 
two  given  latitudes,  fur  the  middle  latitude.    Than, 

2.  As  cosine  of  middle  latitude, 
Is  to  the  radius; 
So  is  the  duparture. 
To  the  diff.  of  longitude.     And, 

3.  As  cosine  of  uii.ddlc  lutitudc, 
.Is  to  the  tangeiU  of  the  course; 

So  is  the  difference  of  latitude,    . 
To  the  difference  of  longitude. 
Mercator'i  Bailing,  is  the  nrt  of  resolving  the  several 
cases  of  globular  sailing,  by  plane  trigoniimplry,  vrtlh  the 
assistance  of  a  table  of  meridional  parts,  or  of  logarithmic 
And,  in  like  manner,  by  the  counter  operation,  to  find     tanoents.     And  the  computations  are  performed  by  the" 
what  latitude  answers  to  a  given  meridional  distance.    As,     following  rules  : 
for  ex.  in  what  latitude  46*08  miles  answer  to  a  degree  of         ^_  j^^  meridional  diff  lat 


86-: 


:  0-34 


Taken  fram     -      ■ 
Leaves  me  rid.  disl. 


60  )  20-54 

6-34  pro.  part 


40-15  for  lat.  48° 
39-81  for  lat.  48°  26*. 


longitude. 

From  -  46-63  for  3g° 
Take  4J^-96  for  40° 
Then  as  0  6?   :   60*  ; 


from  46-63  for  39°       , 
take   46-08  given  number. 
O-ii  :  49* 
60 


67)  3S00 

*y'  pro.  part, 
llierflfore  the  latitude  sought  is  39*^  49". 

Ex.  3.  Given  tlie  latitade  and  meridional  distance;  to 
find  ibe  corresponding  difference  of  longitude.     As,  if  a 
ship,  in.  latitude  53°  3ti',  and  longitude  10°  18'  east,  sail 
due  wesit  236  miles  ;  required  her  present  longitude. 
Here,  by  the  first  rule, 
.  As  COS.  lat.     53°  36'  comp.     022664 
To  radius  -     90    00     -     -     10-00000 
SomeriiJ.dist.       236  ra.     -       2-37291 
To  diff.  long.  3977      --     -      ■i-5995S 
Its  OOih  gives    6°     38' w.  diff.  long. 
Taken  from      10       I8  e.  lung,  from 
Leaves    - 


To  diff.  of  longitude  ; 

So  is  the  radius. 

To  tangent  of  the  course. 
S.  As  the  proper  diff.  lat. 

To  the  departure  t 

So  is  merid.  diff.  lat. 

To  diff.  of  longitude. 
3.  As  diff.  log.  tang,  half  colatitudes, 

To  Wng.  of  51°  38' 09"; 

So  is  a  given  diff.  longitude. 

To  tangent  of  the  course. 
The  manner  of  working  with  the  meridiimal  parts  and 
logarithmic  tangents,  will  appear  from  the  two  fuUpwing 

1.  Given  the  latitudes  of  two  placas;  to  find  their  me- 
ridional difference  of  latitude. 

By  the  Merid.  Pari*.  When  the  places  are  both  on- 
the  same  side  of  the  equator,  take  the  difference  of  the 
meridional  parts  answering  to  each  latitude ;  but  when 
the  places  arc  on  opposite  sides  of  the  equator,  take  the 
sum  of  the~  same  parti,  for  the  meridional  difference  of 
the  parallel  oE    latitude  sought. 

By  the  Log.  Tangenit.     In  the  former  case,  take  the  dif- 


40  E.  long,  come  to. 

By  the  table;  the  length  of  a  degree 

53"  36'  is  35-6.  „^ ^.  .  ^_ 

Then  as  35-6  :  60  :  :  236  :  3977,  the  diff,  of  long,  the  ference  of  the  Ipg.  tangents  of  the  half  colatitudes  ;  but 

same  as  before.  the  letter  case,  take  the  sum  of  the  same;  then  the  saia 

Middle-latitude  Sailing,  is  a  method  of  resolving  the  difference  or  sum  divided  by  12-63,  will  give  the  meri- 

cases  of  globular  sailing  by  means  of  the  middfc  latitude  dional  difference  of  latitude  sought, 
between  the  latitude  departed  from,  ard  that  come  to.         2.  Given  the  latitude  of  one  place,  aiid  the  meridional 

This  method  is  not  quite  accurate,  being  only  an  ap*  difference  of  latitude  between  that  and  another  place ;  to 

projiimalion  to  the  truth,  and  it  makes  use  of  the  princi-  find  the  latitude  of  this  latter  place, 
pies  of  plane  sailing  and  parallel  sailing  conjointly.  %  the  Merid.  Parti.     When  the  places  have  like  names, 

.  The  method  is  founded  on  the  supposition  thai  the  de-  that  is  both  north  or  both  south,  take  the  sum  of  the  merid. 

parture  is  reckoned  as' a  meridional  disUnce  in  that  lati-  parts  of  the  given  lat.  and  the  given  diff.  i  but  take  the 

tude  which  is  a  middle  parallel  between  the  latitude  difference  between  thesame  when  ihey  have  unlike  names; 

sailed  from,  and  that  arrived  at.     But  the  method  is  not  then  the  result,  being  found  in  the  table  of  meridional 

.  quite  accurate,  because  the  arithmetical  mean,  or  half  parts,  will  give  the  latitude  sough 


sum  of  the  cosines  of  two  distant  latitudes,  is  not  exactly 
the  cosine  of  the  middle  latitnde,  or  half  the  sura  of  those 
latitudes  ;  nor  is  the  departure  between  two  placei,  on  an 
oblique  rhumb,  equal  to  the  meridional  distance  in  the 


By  the  Log,  Taagenu.  Multiply  the  given  meridional 
diff.  of  lat.  by  12*63;  then  in  the  former  case  iutiiraet 
the  product  from  the  log.  tangent  of  the  given  half  colali- 
■'-'-■■  add  them  ;  then  seek  the  de- 


middle  latitude;  OS  is  presumed  in  this  method.    Yet    grees  and  miautci  answering  to  the  result  among  the  tog. 


,  Google 
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UDgents,  and  time  degrees,  &c.  doubled,  tiJII  be  the  co-  to  find  as  =  74**  tS  =  4475  mile*, 

Udtude  sought.  which  n  lets  by  57  miles  than  (h 

Circuiar  Sailing,  or  Great-circle  Sailiho,  i>  the  art  distance  found  byMercator's  sailing; 

of  finding  what  places  a  ship  must  go  through,  and  what  also  the  angle  of  pontioD  at  a  b  51" 

courses  to  steer,  that  her  track  may  be  tn  the  arc  of  a  23*,  end  the  an^e  of  position  b  =: 

great  circle  on  the  globe,  or  nearly  so,  passing  through  108°  24  ■ 
the  place  sailed  from  and  the  place  bound  to.  Can  5.   Whtn  the  two  given  places 

This  method  of  sailing  has  been  proposed,  because  the  are  both  on  thesatnesidepf  tbeequa- 

shortest  distance  between  two  places  on  the  sphere,  is  an  tor;  for  example  the  Litard,  and  the 

arc  of  a  great  circle  intercepted  between  them,  and  not  '  '      '    '" 
the  apiral  rhumb  passing  through  them,  unless  when  that 
rhumb  coincides  with  a  great  circle,  which  can  only  be 
on  a  meridian,  or  on  the  equator. 

The  solutions  of  the  cases  in  jMercator's  sailing  are 

performed  by  plane  ttiangles,  but  in  great-circle  sailing  niudas ;'  there  are  given, 

they  are  resoU^  by  means  of  spherical  triangles.     A  pi..=  40°03' colat.  of  the  Uwrd, 

great  variety  of  cases  niight  be  here  proposed,  but  those  p^  =  57  25  colat  of  BermfMlas, 

that  are  the  most  useful,  and  more  commonly  occur,  per-  ^p  =  58  11  di£  oflongitude;  to 

tain  to  the  following  problem.  find  bl  =  45°  44'  =  8744  roUes  the 

Problem  I.     Given  the  latitudes  and  lon^tudes  of  two  ^Jistonce,  and 


iland  of  Bermudas. 

The  Lizard,  lat.  49*  57' ».    -     long.  5°  2l'w. 
Bermudas,    32  35  li.    -     -      SSSSjr. 
58    11 
Here,  if  p  be  the  north  pole,  L  the  Licard,  and  b  Ber- 


different  sides  of  lh« 
suppose  St,  Helena  and  Bermudas.     Here 


^  of  position  b  =  49°  27' 
Z.  of  position  L  =  90°  31 

GueS. 

equator; 

PB  =  57°  2S'  polar  dist.  Bermudas, 
ru  =  105  55  polar  dist.  St.  Helena, 
Z.P  =  57  43  diff.  long. 
To  find  BB  =  7:1°  Sff  =  4406  miles, 
the  distance,  also  the  angle  of  position 
:  43°  o',  and  the  angle  of  position 
:  121"  59". 
From  the  solutions  of  the  foregoing 


places  OR  the  earth ;  to  find  their  nearest  distance  on  the 
surface,  together  with  the  angles  of  poHtion  from  either 
^lace  to  the  other. 

This  problem  comprehends  6  cases. 

Cote  I.  ■  When  the  two  places  lie  under  tiiesame  meri- 
dian; then  their  difference  of  latitude  will  give  their  dis- 
tance, and  theipositioD  of  one  from  the  other  will  be  di- 
Rctly  north  and  south. 

Chte  2.  When  the  two  places  lie  under  the  eqyator  ; 
their  distance  is  equal  to  their  difference  of  longitude,  and 
tfaeangleofj>osition  is  a  right. angle,  or  the  course  from 
one  to  the-other  is  due  east  or  west. , _„„...,  _. 

Cote  S.    When  both  pjaces  are  in  the  same  parallel  of     ^ses  it  appean,  that  to  sail  on  the  arc 
latitude.     Ex.  gr.     The  places  both  in  37°  north,  but     rf  ^  g^eat  circle,  the  ship  must  conti- 
the  longitude  of  the  one.  25°  West,  and  of  the  other  76°     dually  alter  her  course ;  but  as  this  is  a  difficulty  too 
t3'  west.  great  -to  be  admitted  into  the  ptacltce  of  navi^ion,  it 

p  denote  the  north  pole,,  and  a  and  b  the  two     has  been  thought  sufficiently  exac(  to  employ  a  kind  of 


pivces  on  the  same  parallel  bda,  also 
bia  their  distance  asunder,  or  the 
arc  of  a  great  circle  passing  through 
them.  Then  is  the  angle  a  or  a 
that  of  position,  and  the  angle  .kpa 
=  51°  23'  the  difference  of  longi- 
tude,  and  the  side  r  a  ot  pb  =  53° 
the  colatitude. 

Draw  PI  perp,  to  ab,  or  bisect- 
ing the  angle  at  P.    Then  in  the  triangle  api,      _  _ ___ 

angled  at  i,  are  given  the  hypotbenuse  ap=53°,  and  the     of  the  places  sailed  from  and  bound 

annln   .DT  —0«°   J  ■'<■''' .     ..  C-J  .1 1.  _f ;.; .  .        \      .        . 


^proxiraation,  that  is,  by  a  method  which  nearly  ap- 
proaches to  the  sailing  on  a  great  circle :  namely,  on  this  ' 
principle,  that  in  smsJl  arcs,  the  difference  between  the 
arc  and  its  chord  or  tangent  is  so  small,  that  they  may  be 
taken  for  each  other  in  any  nautical  operations;  and  ac- 
cordingly it  is  supposed  that  the  great  circles  on  the  earth 
are  made  up  of  short  right  lines,  each  of  which  is  a  seg- 
ment of  a  rhumb  line.  On  this  supposition  the  solution 
of  the  following  problem  is  deduced. 

Prohkm  II.  Having  given  the  latitudes  and  longitudes 
'      ■  ■■   ■ '  ■  ■        'to  find  the  suc- 


Utitudes  on  the  arc  of  a  great  circle  in  those 
places  where  the  dleration  in  longitude  shall  be  a  given 
quantity;  together  with  the  courses  and^lislanccs  between 
those  -places. 

1.  Find  the  angle  of  position  at  each  place,  and  their 


mgle  APT=25°4l'30f ;  to  find  the  angle  of  positior 
or  B,t=73°  51';   and  the  half  distance  ai  =  20°  15'i; 
this  doubled  ^vea  40° -3 1'  for  tbe  'whole  distance  ab,  or 
2431  nautical  miles,  which  is  34  milesJcse  than  tbe  dis- 
tance along  ADB,  or  by  parallel  tailing.  ..  ^„,^  ^„„ 

Que  4.     When  one  place  'has  latitude,  and  tbe  other  disunce,  by  one  of  the  preceding  cases.  ' 

has  none,  oris  under  the  etjualor.     For  example,  sup-  g.  Find  the    greatest    latitude    the  great   circle  runs 

poie  the  Island  of  St.  Thomas,  lat.  0°,  and  long.  1°  0*  through,  i.  e.  find  the  perpendicular  from  the  pole  to  that 

^K,  and  Port  St.  Julian,  in  lat.  48°  51'  south,  and  long,  ^^cle ;  and  also  find  the  several  angles  at  the  pole,  made 

by  the  given  alterations  of  longitude  between  this  perpen- 
'dicnlar  snd  the  successive  meridians  come  to. 

3.  With  this  perpendicular  and  (he  pMar  angles  seve- 

41    09     Dtff'.  long.     4!6    10  rally,  find  as  many  corresponding  latitudes,  by  saying,  as 


65°  Id  n 

Port  St  Julian,  lat.  48°  ^1'  b.      -     Ung.  65°  10'  w. 
Isle  St.  Thomas    -     0  00      -    -    ..    -      1    00  b. 

s  colat. 


Hence,  if  »  denote  the  south  pole,  a  the  Isle  St.  Tbo-  Tadius  :  fang,  greatest  lai'. :  r  cot.  1st  polar  an^e::  tang, 

inas  at  the  equator,  and  a  St.  Julian  t  then  in  the  triangle  Jst  Int.  :  :  cos.  2d  polar  angle:  tang,  of  2d  tst.  Aec 
are  given  sa  a  quadrant  or90°,  Bs  =  4i°  9*  the  colat.  of        4.  Having  now  theseverat  latitudespassed  tfarovgh, and 

St.  Julian,  and  the  ^■  =  t>6°  19'  thedif.  of  longitude.;  the  difference  of  longrtude'tetweeDeacb,  ^enty  Mercop 
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lor**  sailing  find  the  Go«n«  and  di»tance«  between  thow 
latitude*.  And  these  are  (he  several  couraes  and  distances 
the  ship  must  run,  to  keep  nearly  on  the  aic  of  a  great 

The  smaller  the  alterations  in  longitude  ara  taken,  the 
nearer  will  this  method  approach  to  the  truth;  but  it  ia 
■utlicient  to  Compute  to  every  5  drgrees  of  ditference  of 
longitude;  as  the  lEnglh  of  an  arc  of  5  degrees  differs 
from  its  chord,  o;^  tangent,  only  by  0  002. 

The  track  of  a  ship,  when  ihua  directed  nearly  in  the 
arc  of  a  great  circle,  may  be  delineated  oo  tbe  Merca- 
tor'i  chart,  by  marking  on  it,  by  jiieans  of  the  latitudes 
and  longitudes,  the  successive  places  where  the  ship  is  to 
alter  her  course ;  then  those  places  or  points,  beingjuined 
by  right  lines,  will  show  the  path  along  which  tbe  ^hip  is 
to  sail,  under  the  proposed  circumstances— On  the  sub- 
ject of  theie  articles,  see  Robertson's  Elements  of  Navi- 
gation, vol.S. 

SpheiiiidictU  Sailiko,  is  computing  the  cases  of  navi- 
gation on^hc  supposition  or  principles  pf  the  sphermdical 
figure  of  the  earth.  S(.«  Robertson's  Navigation,  vol.  3, 
b.  8,  sect.  8. 

Sailing,  in  a  more  confined  letue,  is  the  art  of  conduct- 
ing a  ship  from  place  to  place,  by  the  working  or  handling 
of  ht'r  sails  and  rudder.— To  bring  sailing  to  certain  rules, 
M.  Renau  computes  the  force  of  the  water,  agaiijst  the 
ship's  rudder,  stem,  and  side;  and  the  force  of  the  wind 
against  her  sails.  In  order  to  this,  he  first  considers  all 
fluid  bodies,  such  as  tbe  air,  water,  &c,  to  be  compo<ied 
of  little  particles,  which  when  they  act  upon  any  surface, 
all  move  parallel  to  one  another,  or  strike  against  tbe 
atirfaCB  after  the  same  manner.  Secondly,  that  the  mo- 
tion of  any  body,  with  regard  to  the  surface  it  strikes,. 
nust  be  either  perpendicular,  parallel,  or  oblique.  Trom 
these  principles  he  computes,  that  the  force  of  the  aic  or 
water,  striking  perpendicularly  upon  a  sail  or  rudder,  is 
to  the  force  of  the  same  striking  obliquely,  in  the  dupli- 
cate ratio  of  radius  to  the  sine  of  the  angle  of  incidence : 
and  consequently  that  alt  oblique  forces  of  the  wind 
against  the  sails,  ot  of  the  water  againstthe  rudder.will 
be  to  each  othej  in  the  duplicate  ratio  of  the  sines  of  the 
angles  of  incidence, — Such  are  the  conclusions  from 
theory  ;  but  it  is  very  different  in  real  practice,  or  expe- 
riments, as  appears  from  the  tables  insicrted  in  the  article 

RzSIttTAKCE. 

Further,  when  the  different  degrees  of  velocity  are  con- 
sidered, it  is  also  found  that  the  forces  are  as  the  squares 
of  the  velocities  of  the  moving  air  or  water  nearly ;  that 
is,  'a  wind  that  blows  twice  as  swift,  as  another,  will  act 
with  4  times  the  force  upon  the  sail ;  and  when  3  times  as 
iwift,  9  times  the  force,  &c.  And  it  being  also  indiffe- 
rent, whether  we  consider  the  motion  of  a  solid  iu  a 
fluid  at  rest,  or  of  the  fluid  against  the  solid  at  rest ; 
therefore,  the  reciprocal  impressions  being  always  the 
same,  if  a  solid  be  moved  with  different  velocities  in 
the  same  fluid  matter,  as  water,  the  different  resistances 
which  it  will  receive  from  that  water,  will  be  in  the 
same  proportion  as  the  squares  of  the  velocities  of  the 
moving  body. 

He  then  applies  these  principles  to  the  motions  of  a 
■hip,  both  forwards,  and  sideways,  through  the  water, 
when  tbe  wind,  with  certain  velocities,  strikes  the  sails  in 
larious  positions.  After  which,  the  author  proceeds  to 
demonstrnte,  that  the  best  position  or  situation  of  a  ship, 
•o  that  the  ma^  make  the  least  lee-way,  oi  side  motion, 


bat  go  to  windward  at  much  as  possible,  is  this :  that, 

let  the  sail  have  what  situation  it  .will,  the  ship. most  be 

always  in  a  line  bisecting  the  complement  of  the  wind's 

angle  of  incidence  on  the  sail.     That     |, 

is,  supposing  the  sail  in  the  position     ^~ 

Bc,  end  tbe  wind  blowing  trum  a 

to  B,  and  consequently  the  angle  of 

th^  wind's  incidence  on  the  sail  is 

ABC,    the  compU-ment   of  which  is 

cbe:  then  must  the  sl)ip  be  put  in 

the  position  bk,  or  move  in  the  line 

BL,  bisecting  the  ^cbb. 

He  shows  further,  that  the  angle  which  the  sail  ought 
to  luake  with  the  wind,  i.  e.  the  angle  abc,  ought  to  be    , 
but  24  degrees ;  that  being  the  most  advantageous  situa- 
tion for  working  to  windward. 

To  this  might  be  added  many  curious  particulars  from 
Borelli  de  Vi  PiTcussionis,  concerning,  the  different  direc- 
tions given  to  a  vessel  by  the  rudder,  when  sailing  with  a 
wind,  or  floating  without  sails  in  a  current :  In  tlie  former 
case,  the  head  of  the  ship  always  coming  to  the  rudder, 
and  in  the  latter  always  flying  off  from  it;  as  also  from 
Culer,  Bouguer,  and  Juan,  who  have  all  written  learnedly 
on  this  subjc-cL 

SAUANU  in  Fortification,  is  said  of  an  angle  ibat 
projects  its  point  outwards ;  in  opposition. to  a  re-enter- 
ing  angle,  which  has  its  point  lurnrd  inwards.  Instances 
of  both  kinds  of  these  occur  in  tenailles  and  star-works. 

Salon,  or  saloon,  in  Architecture,  a  grand,  lofty, 
spacious  kind  of  hall,  vaulted  at  top,  and  usually  com- 
prehending two  stories,  with  two  ranges  of  windows  :  and 
may  be  either  square,  round,  oval,  or  octagonal. 

SAP,  or  SAPP,,in  Building,  at  to  ssp  a  wall,  &C,  ia  to 
dig  out  the  ground  from  beneath  it,  so  as  to  bring  it 
down  all  at  once  fur  want  of  support.    ■ 

Sap,  in  the  .Military  Art,  denotes  a  work  carried  on 
under  cover  of  gabions  and .  fascines  on  the  flank,  and 
mantlets  or  stufK'd  gabions  on  tbe  front,  to  gain  the 
descent  of  a  ditch,  or  tbe  like.  It  is  performed  by  dig- 
ging a  deep  trench,  descending  by  steps  frum  top  to  bot- 
tom, urfdrr  u  ciirridor,  carrying  it  as  !ht  as  the  boliom  of 
the  ditch,  when-ihat  is  dry;   or  as  far  as  the  surface  of 
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SARDS,  iu  Chronology,  a  period  of  323  lunar  months. 
The  etymology  of  the  word  is  said  to  be  Chaldean,  signi- 
fying restitution,  or  return  of  eclipses ;  that  is,  conjunc- 
tions of  the  sun  and  moon  in.  nearly  (he  same  place  of 
the  ecliptic.  The  Saros  was  a  cycle  like  to  that  of 
Me  to. 

SARRASIN,  or  Sabbazht,  in  Fortification,  a  kind  of 
port  cullis,  otherwise  called  a  hcrse,  which  is  hung  with 
ropos  over  the  gate  of  a  town  or  for.lress,  to  be  let  tali 
iu  case  of  a  surprise. 

SATtLLITES,  in  Astronomy,  are  certain  secondary 
planets,  moving  round  the  other  planets,  as  the  moon  does 
round  the  earth.  They  are  so  called'  because  always 
found  attending  them,  from  rising  to  setting,  and  making 
the  tour  about  the  sun  together  with  them.  The  words 
moon  and  satellite  are  sometimes  used  indifferently  :  thus 
we  say,  either  Jupiter's  moons,  or  Jiipiler's  satellites; 
but  usually  we  restrain  the  term  moon  to  .the  earth's 
attendant,  and  apply  that  of  satellite  to  the  little 
moons  discovered  about  Jupiter,  Saturn,  and  Uranus,  by 
the  assistance  of  tbe  telescope,  which  it  necessary  to  ren- 
der tbem  visible. 


,  Google 


SAT  [3 

Theutelliles  move  about  theH-primnry  plancis,  as  a  cen- 
tre, by  (be  same  laws  as  those  primary  ones  do  ruund  their 
centra  the  &un  ;  viz,  in  iuch  u  maniL^r  that,  in  the  satel- 
lite*  of  tbe  same  planet,  the  aquarts  of  the  periodic  times 
•re  pruportioDal  to  tlie  cubet  Of  their  distances  from  the 
primary  plaiirt.  For  the  physical  cause  of  their  tnotlons, 
aee Gravity.     Sec  also  Planets. 

We  know  not  of  any  satellites  be«de»  those  above 
meutioned ;  what  other  discoveries  may  be  made  by  fur- 
ther improvements  in  telescopes,  (imc  only  can  bring  to 
light. 

Satellites  q/'JHpiV«r.  There  are  4  little  mouiK,  or 
satellites  now  known  to  perform  their  evolutions  about 
Jupiter,  as  that  planet  dues  about  the  sun. 

biimon  Marius,  mathematician  of  the  elector  of  Bran- 
denburg, about  tbe  end  of  November  ifiO^  is  said  to 
bave  observed  three  litUc  stars  moving  round  Jupiter's 
t)ody,  and  proceeding  along  with  hira ;  and  in  January 
1610,  be  found  a  Vh.  In  January  l6\0  Galileo  also  ob- 
served the  same  in  Italy,  and  in  the  same  year  published 
his  observations.  And  indeed  Muntucla  gives  i)ie  honour 
of  the  first  discovery  entirety  to  Galileo.  These  sati'llitcs 
were  sUo  observed  in  the  snme  month  of  January  1710, 
by  Thomas  Harriot,  the  celebrated  author  of  a  work  nn 
algebra,  and  who  made  conEtnnt  ubsefvulinns  of  ibem, 
from  that  time  till  the  S6ih  of  February  l6l2 ;  as  ap- 
pears by  his  curious  astronomical  papers,  lately  discover- 
ed by  Dr.  Zach,  at  the  aeat  of  the  earl  of  Egrcmont,  at 
Petnorth  in  Sussex. 

When  Jupiter  is  in  a  line  with  any  of  his  satellites  aitd 
the  sun,  the  satellite  disappears,  being  then  eclipsed,  or 
involved  in  his  shadow. — When  tbe  satellite  goes  behind 
the  body  of  Jupiter,  with  respect  to  an  observer  on  the 
eahh,  it  is  then  said  to  be  occulted,  being  hid  from  our 
siglit  by  bis  body,  whether  in  his  shadow  or  not.— And 
when  the  satellite  comes  into  a  position  between  Jupiter 
and  the  sun,  it  casts  a  shadow  upon  the  face  of  that 
planet,  which  we  see  as  an  obscure  round  spot. — Lkstly, 
when  the  salellitc  is  in  a  line  between  Jupiter  and  us,  it 
is  said  to  transit  the  disc  of  the  planet,  upon  which  it 
-  appears  as  a  round  black  spot. 

The  peiiods  or  revolutiuna  of  Jupiter's  satellites  "e 
found  out  from  their  conjunctions  with  that  planet;  after 
the  f^me  manner,  as  those  of'the  primary  planets  are 
discovered  from  their  oppositions  to  the  sun.  ■  And  their 
distances  from  the  body  of  Jupiter  are  measured  by  a 
micrometer,  and  estimated  in  semidiameter?  of  that  planet, 
and  thence  in  miles.  By  the  latest  and  most  exact  ob- 
servations, the  periodical  times  and  dislaiiccs  of  these  sa- 
tellites, and  the  angles  under  which  their  orbits  are  seen 
from  the  earth,  at  its  mean  distance  from  Jupiter,  are  as 
below  : 


Satellites  o/Jupitee. 

Peri«r.crii». 

StfdCtt.. 

SciDldiuDC- 

MLIh, 

Oibit. 

1 

2 
3 

4 

1<'I8''27"'34' 
3   13   13  4-2 
7     3  42  33 
l«   16  3!   50 

5! 

266,000 
423,000 
676,000 

i,i8y.ooo 

3'  55'' 
6    14 
9    58 
17    30 

The  eclipses  of  the  satellites,  especially  of  those  of  Ju- 
piter, are  of  very  great  use  in  astronomy.  First,  in  deter- 
miuing  pretty  exactly  the  distance  of  Jupiter  from  the 
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canh.  A  second  advantage  itill  mare  considerable,  nbich 
is  drawn  from  these  eclipses,  is  the  proof  which  they  give 
ot  (he  progressive  motion  of  light.  It  is  demonstrated  by 
these  eclipses,  that  light  does  not  come  to  us  in  an  instant, 
as  the  Cartesian!  pretended,  though  its  motion  is  extreme- 
ly rapid.  For  if  the  motion  of  light  were  infinite,  or  came 
to  us  in  an  instant,  it  is  evident  that  we  should  see  the 
commencement  of  an  eclipse  of  a  satellite  at  the  sam« 
moment,  at  whatever  distance  we  migfat  be  from  it ;  but, 
on  the  contrary,  if  light  move  progressively,  then  it  is  as 
evident,  that  the  farther  we  are  from  a  planet,  the  later  we 
shall  be  in  seeing  the  moment  of  its  eclipse,  because  the 
light  will  lake  op  a  longer  linie  in  arriving  at  us ;  and  so  - 
it  is  found  in  fact  to  happen,  the  eclipses  of  these  satellites 
appearing  always  later  and  later  than  the  true  computed 
times,  as  the  earth  removes  farther  and  farther  from  tbe 
planet.  When  Jupiter  and  the  earth  are  nearest  to  each 
other  ;  that  is,  when  they  are  in  conjunction  on  the  same 
side  of  the  sun  ;  then  the  eclipses  are  observed  to  happen 
about  7-1  minutes  before  the  computed  time  for  the  mean 
distance ;  and  y hen  those  twb  planets  are  at  their  greatest 
distance,  being  then  in  opposition,  the  eclipses  happen 
about  7i  minutes  after  the  time  predicted  by  calculation. 
Now  the  difference  between  tbe  least  and  greatest  distance 
being  equal  to  the  diameter  of  the  earth's  orbit,  it  therefore 
follows  that  light  lakes  up  a  quarter  of  an  hour  in  travel.' 
ling  across  the  orbit  of  the  earth,  or  near  8  minutes  in 
passing  from  the  sun  to  the  earth  ;  which  gives  about  12 
millions  of  miles  per  minute,  or  300,000  miles  per  second, 
for  the  velocity  of  light.  A  discovery  that  was  first  made 
by  M.  Roemer. 

The  third  and  greatest  advantage  derived  from  the 
eclipses  of  Jupiter's  satellites,  (and  which  was  hinted  at  by 
Galileo  on  the  first  discovery  of  them,)  is  the  knowledge 
of  the  longitudes  of  places  on  the  earth.  Suppose  two  ob- 
servers of  an  eclipse,  tbe  one,  for  example,  at  London,  the 
other  at  the  Canaries;  it  is  certain  that  the  eclipse  will 
appear  at  tbe  same  moment  to  both  observers ;  but  as  they 
are  situated  under  different  meridians,  they  count  different 
hours,  being  perhaps  9  o'clock  to  the  one,  when  it  is  only 
8  to  the  other;  by  which  observations  of  the  true  lime  Of 
the  eclipse,  on  communication,  they  find  the  difference  of 
their  longitude  to  be  one  hour  in  time,  which  answera  to 
15  degrees  of  longitude. 

To  the  above  we  may  also  add,  that  this  discovery  had 
a  wry  considerable  influence  in  eradicating  the  errors  of 
the  ancient  astronomers,  and  consequently  infirmly  esta- 
blishing the  Copernican  system  ;  as  asupporter  of  which, 
the  venerable  discoverer,  Galileo,  was,  at  this  time,  smart- 
ing under  the  recollection  of  the  condemnation  which  had 
been  passed  upon  him,  by  that  most  detestable  of  all  ty- 
rannies, the  inquisition. 

■  Satellites  q^Safttm,  are  7  in  number  revolving  about 
him.  One  of  them,  which  till  lately  was  reckoned  the4lh 
inorder  from  Saturn,  was  discovered  by  Huygcns,  the 
25ih  of  March  1655,  by  means  of  a  telescope  12  feet  long, 
and  the  Isl,  2d,  3d,  and  5th,  at  different  times,  by  Cas- 
sini  ;  viz,  the  5th  in  October  16'71,  by  a  telescope  of  17 
feet ;  the  3d  in  December  1672,  by  a  telescope  of  Cam- 
pani's,  35  fiet  long;  and  the  first  and  second  in  March 
1684,  by  help  of  CampHni'b  Glasses,  of  lOOand  136  feet. 
Finally,  the  6ih  and  /th  satellites  have  lately  been  disco* 
vered  by  Dr,  Hcrschrl,  with  his  40  feet  reflecting  telescope, 
viz,  the  6th  on  the  l^Lh  of  August  1787.  and  the  7th  on 
the  J7th  of  September  IfSS.     These  tno  he  hu  called 
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tbtt  6fb  .and  /tb  lateUitei,  thoagh  they  are  nearer  to  the 
planet  Saturn  than  any  of  the  former  five,  tbat  tfae  naraea 
or  aurabcrs  of  these  might  not  be  taittaken  or  confounded, 
with  regard  to  formsr  observations  of  thetn. 

Moreover,  Ibe  great  diBtanco  between  the  4th  and  5tb 
satellite  gave  occasion  Eo  Huygens  to  suspect  tbat  there 
might  be  some  intermediate  one,  or  else  that  the  5th.might 
have  some  other  aatellite  moving  round  it,  as  its  centre. 
Dr.  Hftlley,  in  the  Pbilos,  Trans.  (No,  U5,)  gives  a  cor- 
rection of  the  theory  of  the  motions  of  the  4th  or  Huygc- 
nian  latellite.     Its  true  period  he  makes  nd22b  41m  6^ 

The  periodical  revolutions,  and  distances  of  these  sateU 
litei  from  the  body  of  Saturn,  expreswd  in  semidiameters 
of  that  planet,  and  in  miles,  are  aa  follow. 
Satellites  (t/'SATtrBN. 
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Di..u.m  in 

MUa. 

Orbit. 

1 

1^21^8' ffi* 

*l 

170,000 

1'    27" 

3 

2  17  44  51 

5i 

217,000 

1      53 

3 

4  12  35  U 

8 

303,000 

2     36 

4 

15  32  41  14 

18 

704,000 

6     13 

5 

79    7  54  37 

5+ 

2,050,000 

17       4 

6 

1     8  53     9 

H 

135,000 

1      14 

7 

. 0  22  37  30 

K 

107,000 

The  first  four  describe  ellipses  like  t'l  those  of  the  ring, 
aikd  are  in  the  tame  plane.  Their  ioclinaiion  to  the  eclipr 
tic  is  from  30  to  3,1  degrees.  The  5ih  deicribes  an  orbit 
inclined  from  17  to  18  degrees  with  the  orbit  of  Saturn  ; 
his  plane  lying  between  the  ecliptic  and  thosa  of  the  other 
satellites,  &c.  Dr.  Herscliel  observes  tbat  the  5th  satcl> 
lite  turns  once  round  its  axis  eTCactly  in  the  time  in  which 
it  revolves  about  the  planet  Suorn ;  in  which  respect  it 
resembles  our  moon,  which  does  tbe  same  thing.  And  be 
makes  the  angle  of  its  distance  from  Saturn,  at  his  mean 
ditUnce.  ]7'3''.  Pbilos. Trans.  1793,  pa. 22.  Seealong 
account  of  ot»ervalioas  of  these  satellites,  with  tables  of 
their  mean  motions,  by  Dr.  Henchel,  Philos. Trans.  1790, 
pa.  42K  &c. 

Satellitis  i^HerKhel,  or  Urmut,  are  6  little  moons 
that  revolve  about  bira,  like  those  of  Jupiter  and  Saturn. 
Thete  satellites  were  discovered  by  Dr.  Herschel,  who 
gave  an  account  of  them  in  ibe  Phitos.  Trans,  from  which 
it  appears  that  their  synodical  periods,  and  angular  dis- 
tances from  their  primary,  are  as  follow : 


SwdUie. 

Ma 

i.Di.1. 

1 

2- 
3 
4 
5 
6 

5'Sl''25'»2I' 
8  16  37  48 
10  33     3  b9 
13  10  56  30 
38     ]  46     0 
107  16  39  56 

0 
0 
0 
0 
0 

35-5" 
33-0 
38-6 
44-2 
88-4 
176-8 

The  orbits  of  these  satellites  are  nearly  perpendicular  to 
the  ecliptic,  and  contrary  to  the  order  of  the  signs.  In 
magnitude  they  are  probably  not  less  than  those  of  Jupi- 
Ifer. 

Satellite  iifKunw.  Casstni  thought  he  saw  one,  and 
Mr.  Short  and  other  astronomers  have  suspected  the  same 
thing.  (Hist,  de  I'Acad.  1741,  Pbilos.  Trans.  No.  459.) 
But  the  many  fruitless  seaubes  tbat  have  been  since  made 
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to  discover  it,  leave  room  to  suspect  that  it  has  been  onl/ 
an  optical  illusion,  formed  by  the  glasses  of  telescopes  ;  as 
appears  to  be  the  opinion  of  F.  Hell,  at  the  end  of  hi"* 
Ephcmeris  for  1766,  and  Boscovich,  in  his  5th  Opticel 
Dissertation. — Neither  has  it  been  discovered  that  either 
of  tbe  otber  planets  have  any  satellites  revolving  about 
Ihenr.  It  is  remarkable  tbat  our  moon,  and  some  of  the 
other  satellites,  as  far  as  tbey  have  been  observed,  keep 
always  the  same  face  or  side  towards  their  respective  pri- 
maries ;  around  which  they  appear  to  be  mov^d  as  a  stone 
is  whirled  round  in  a  sling. 

SATURDAY,  the  7th  or  last  day  of  the  week,  so  called, 
as  supposed,  from  the  idol  Seater,  worshipped  on  this  day 
by  the  ancient  Saxons,  and  thought  to  be  tbe  same  as  the 
Satuni  of  the  Latins.  In  astronomy,  everyday  of  the 
week  is  denoted  by  some  one  of  the  planets,  and  this  day 
is  marked  with  the  planet  fj  Saturu.  Saturday  answer^ 
to  the  Jewish  sabbatti. 

SATURN,  one  of  the  primary  planets,  being  the  lOlh 
in  onler  of  distance  from  tbe  sun,  and  the  outermost  of 
all,  except  tbe  planet  Hcrschel,  is  marked  with  the  cha- 
racter %  ,  denoting  an  old  man  supporting  himself  with  a 
staff,  representing  the  ancient  god  Saturn. 

Saturn  shines  with  but  a  feeble  light,  partly  on  accouftt 
of  his  great  distance,  and  partly  from  his  dull  red  colour. 
This  planet  is  perhaps  one  of  the  most  engaging  objects 
that  astronony  offers  to  our  view ;  it  is  surrounded  with 
a  double  ring,  one  without  the  otber,  and  beyond  these  by 
7  satellites,  most  of  them  in  the  plane  of  the  rings  ;  the 
rings  and  planets  being  all  dark  and  dense  bodies,  like 
Saturn  himself,  these  bodies  casting  their  shadows  mu« 
tuall^  upon  eacb  other ;  though  the  reflected  light  of  th« 
rings  is  usually  brighter  than  that  of  the  pUnet  itself. 

Saturn  has  also  certain  obscure sones,  or  belts,  appear- 
ing at  times  acroci  his  disc,  like  those  of  Jupiter,  which 
are  changcablu,  and  are  probably  obscurations  in  his  at- 
mosphere. Dr.  Herschel,PhiliM. Trans.  1790,  shows  tbat 
Saturn  has  a  dense  atmosphere  ^  tbat  he  revolves  about 
an  axis,  which  is  perpendicular  to  the  plane  of  the  rings; 
that  his  figure  is,  like  tbe  other  planets,  the  oblate  sphe- 
roid, being  flatted  at  the  poles,  the  polar  diameter  bdng  to 
the  equatorial  one  as  1 0  to  11  ;  that  his  ring  has  a  motion 
of  rotation  in  its  own  plane,  its  axis  of  motion  being  tha 
same  as  tbat  of  Saturn  himself,  and  its  periodical  tima 
equal  to  lOh  32m  l5s-4.    iieoalso  RiMo,  and  Satellite. 

Concerning  the  discovery  of  the  ring  and  figure  of  Sa- 
turn, we  find  that  Galileo  first  perceived  that  his  figure 
is  not  round :  but  Huygens  showedj  in  his  Syslema  5»- 
turniana  1659,  that  this  was  owing  to  the  positions  of  bis 
ring;  for  his  spheroidical  form  could  only  be  seen  by 
Herschel't. telescope  ;  though  indeed  Cassini,  in  an  obser- 
vation made  June  19,  1692,  saw  tbe  oval  figure  of  Sa- 
turn's shadow  uponhis  ring. 

Mr.  Bugge  determines  (Pbilos. Trans.  1787,  pa.  43)  the 
heliocentric  longitude  of  Saturn's  descending  node  to  be 
9*  21°  5'  S''| ;  and  that  the  planet  was  in  that  node  Au- 
gust ai,  1784,  at  18''  20"  10"  time,  at  Copenhagen. 

The  annual  period  of  Saturn  about  the  sun,  is  IO759 
days  7  hours,  or  almost  30  years ;  and  his  diameter  if 
about  67000  miles,  or  near  8-4  times  the  diameter  of  tbe 
earth }  also  his  distance  is  about  9^  times  that  of  the  earth. 
Hence  some  have  concluded  tbat  his'  light  and  heat  are 
entirely  unfit  for  rational  inhabitants.  But  that  their  light 
is  not  so  weak  as  w^  imagine,  is  evident  from  its  bright- 
ness in  the  uigbt-time.  '  Betides,  allowing  tbe  sun's  light 
•-     2Z 
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n  the  light    more  lands  for  the  ume  uk.    U«al»  fvrnubed  ftOkn^ 
itical  books  near  the  math enati col  achooi, 
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of  the  mooD  ntitn  full,  the  sutt  will  afford  500  tiroet  «■  with  ma  the 

much  light  to  Saturn  as  the  full  moon  does  to  us,  and  160O  for  the  use  of  bis  profeswrs  ;  nnd  gave  lOOl.  to  the  m»- 

limes  as  much  to  Jupiter.     So  that  theie  two  plancti,  ihematical  chest  of  bit  own  appointing:  adding  aftenvardi 

even  without  any  moon,  would  be  much  more  enlightened  a  legacy  of  40l.  a  year  to  the  same  chest,  lo  the  univer- 

tban  we  at  first  imagiae  ;  and  by  having  lo  many,  they  tity,  and  to  his  professors  jointly.    He  likewise  guvc  ISOl. 

nay  be  vei;  conifortable  places  of  residence.    Their  heat,  towards  the  new  building  of  the  schools,  besidi 


to  far  as  it  depends  on  the  fbrc6  of  the  lun'i  rays,  is  cei 
tainly  much  less.lhan  ours  ;  to  which  no  doubt  the  bodies 
of  their  Inhabitants  are  as  well  adapted  as  ours  are  to  the 
seasons  we  enjoy.  And  if  it  be  considered  that  Jupiter 
never  has  any  winter,  even  at  his  poles,  which  probably  is 
also  the  case  with  Saturn,  the  cold  cannot  be  so  intense  on 
theite  two  planets  as  is  generally  imagined.    To  (bis  may 


rare  nianuscripls  and  printed  books  to  the  Bodleian  libra- 
ry! and  a  good  quantity  ofGreek  types  to  the  printing- 
press  at  Oxford. 

After  a  life  thus  spent  in  the  encoura^ment  and  pro- 
motion of  science  and  literature  in  general,  he  died  at 
Etan-«(illege  the  l^th  of  February  1622,  in  the  73d  year 
of  his  age,  and  was  buried  in  the  chapel  there.     On  this 


be  added,  that  there  may  be  something  in  the  nature  of     occasion,  tlie  unWeriiity  of  Oxford  paid  him  the  greatest 


tbeir  soil  warmer  than  in  that  of  our  earth  ; 
that  all  our  heat  does  not  depend  on  the  rays  of  the  sun'; 
for  if  it  did,  we  sliould  always  have  the  same  months 
equally  hot  or  cold  at  their  annual  return,  whicb'is  very 
for  from  being  the  case. 

See  the  articles  Plai^et,  Period,  Rihs,  Satellite. 

SAUCJSSE,  in  Artillety,  a  long  train  of  powde 


honours,  by  having  a  public  oration  and  verses  made  is 
bis  praise,  which  were  published  soon  after  in  4ie,  under 
the  title  of  Ultima  Linea  Savilii. 

As  to  the  character  of  Saville,  the  highest  encomiums 
are  bestowed  oh  him  by  all  the  learned  of  his  time :  by 
Casaubon,  Mercerus,  Meibomjus,  Joseph  Scaliger,  and 
especially   the   learned    bishop   Montagut  '        -      ■  ' 


closed  in  a  roll  or  pipe  of  pitched  cloth,  and  sometimes  of     Diatribe'  upon  Seidcn's  History  of  Ty  thes,  styles 


leather,  about  2  inches  in  diameter  ;  serving  to  set  fir 
nines  or  caissons.     It  is  usually  placed  in  a  wooden  pipe, 
^called  an  auget,  to  prevent  its  growing  damp. 

Saucissok,  in  Fortificatiun,  a  kind  of  faggot,  made  of 
thick  branches  of  trees,  or  of  tbe  trunks  of  shrubs,  bound 
together,  for  the  purpose  of  covering  the  men,  and  to  serve 
as  epaulements  ;  and  also  to  repair  breaches,  stop  passages, 
make  traversesover  awet  ditch,  &c.  The  saucisson  diffi;rs 
6xira  the  fascine,  which  is  only  made  of  small  branches; 
and  by  its  being  bound  at  both  ends,  and  in  the  middle. 

SAVILLt^  (:4ir  Henry),  a  very  learned  Englishman, 
tbe  second  son  of  Henry  Saville,  esq.  was  born  at  Bradley, 
near  Halifax,  in  Yorkshire,  November  tbe  30tb,  1^49. 
Hewasenteredof  Merlon-college,  Oxford,  in  156 1,  where 
be  took,  the  degree  B.  a.,'  and  was  chosen  fellow. 


"  that  magazine  of  learning,  whose  memory  shall  be  ho- 
nourable arnong^t  not  only  the  learned,  but  tbe  righleoui 
for  ever." 

Several  noble  instances  of  his  munificence  to  the  repu^ 
lie  of  letters  have  alreudy  been  mentioned  ;  in  the  account 
of  his  publications  many  mcrre,  and  even  greater,  will  ap- 
pear.    Tbeae  are, 

1.  Pour  Books  of  the  Histories  of  Coraolius  Tacitus,  and 
the  Ufe  of  Agricola;  with  Notes  upon  them,  in  folio,  de- 
dicated to  Quern  Elizabeth,  I5SI. 

2.  A  View  of  certain  Military  Matters,  or  Comuent»- 
rtes  concerning  Roman  Warfare,   1698. 

3.  Rerum  Anglicaruni  Scriptores  putt  Bedatn,  &o. 
1996.  Thb  is  a  cull^ciion  of  the  best  writers  of  our 
English  history  ;  to  which  he  added   chronological   1 


became  master  of  arts  In  1570,  having  read  for  that  de-     hies  at  the  end,  from  Julius  Ca»ar  to  William  the  Con- 
gree  on  the  Almagest  of  Ptolemy,  which  procured  bim  the     queror. 

*  Tbe  Works  of  St.  Chrysostom, 


reputation  of  a  man  eminently  skilled  in  raBlhematics  and 
the  Greek  languaEje;  in  the  former  of  which  he  gratui: 
tously  rehd  a  public  h-ciure  in  the  university  for  some 
time. 

In  1578  he  traTetled  into  France  and  other  countries  ; 
where,  diligently  improving  hi.naself  in  all  useful  learning, 
in  languages,  and  the  knowledge  of  the  world,  lie  faecahie 
a  moat  accomplished  gentleman.  At  his  return,  he  whs 
made  tutorin  the  Greek  tongue  to  queen  Elizabeth,  who 
had  a  great  esteem  for  him. 

In  1585  be  was  made  warden  of  Merton- college,  which 
he  governed  si x-and- thirty  years  with  great  honour,  and 
improved  it  by  all  the  means  in  his  poiver. — In  15p6  he 
was  chosen  provost  of  Et  on -col  lege ;  which  he  filled  with 
tnanyleamRl  men. — James  the  First,  on  his  accession  to 
the  crown  of  England,  expressed  a  great  regard  for  him, 
and  would  have  preferred  him  either  in  church  or  stale  ; 
but  Saville  declined  these  offers,  and  only  accepted  the 
ceremony  of  knighthood  from  the  king  at  Windsor  in  lff04, 
His  only  son  Henry  dying  about  that  time,  he  thenceforth 
devoted  his  fortune  to  tbe  promoting  of  learning.  Among 
other  things,  in  I6I9,  he  founded,  in  the  university  of  Ox- 
ford, two  lectures,  or  professorships,  one  in  geometry. 


Greek,  in  8  vols, 
folio,  lfil3.  This  is  a  very  fine  edition,  apd  composed 
with  great  cost  anil  labour.  In  the  prefiice  hesays,  "  thttt 
having  himself  visited,  about  I2year«  before,  all  the  public 
and  private  libraries  in  Britain,  and  copied  out  thence, 
whatever  he  thought  u^fut  to  this  design,  he  then  sent 
some  learned  men  into  France,  Germany,  Italy,  and  the 
East,  lo  transcribe  such  parts  as  be  had  not  already,  and 
to  collate  the  others  with  the  best  manuscripts."  At  tbe 
same  lime,  he  makes  his  acknowledgments  to  several 
eminent  men  for  their  assistance;  as  Tbuanus,  Vclserui, 
Schottus,  Casaubon,  Ducsus,  Grulcr,  iloeschelius, 
&c.  In  the  8th  volume  are  inserted  fSir  Henry  Saville's 
own  notes,  with  those  of  other  learned  men.  The 
whole  charge  of  this  edition,  including  the  several  sums 
paid  to  learned  men,  at  home  and  abroad,  employed  in 
finding  out,  transcribing,  and  collating  the  best,  manu- 
scripts, is  said  to  have  amounted  to  no  less  than  8OOOI. 
A  slill  more  sumptuous  and  voluminous  edition  wasnfter^ 
wards  printed  at  Paris,  in  13  folio  volumes,  by  the  Bene- 
dictines and  the  learned  Montfaucon,  the  1st  vol.  in  1718, 
and  the  last  in  173S. 

1618   he  published  a  Latin  work,   wrjtten  by 


the  other  in  astronomy;  which  he  endowed  with  a  sala^     Thomas  Brsdwardin,  abp.  of  Canterbury,  against  PeU- 
ofl6'0l.  ayeareu.cfa,  besides  a  legacy  of600l.  to  purchase     giua,  intittcd,  De  C^usa  Dei  contra  Pelagiom,  et  At  vii* 
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tate  cautBmm  ;  to  which  he  prefixed  the  life  of  Brad- 
vardin. 

6.  ]n  1631  be  pnblbbed  a  collection  of  faiB  otvQ  Mathe- 
matical Lectures  on  Euclid's  Elemeins ;  iu  4to. 

7>  Oratio  cor&m  Elizabetha  Regina  Uxoniie  habita,  an- 
no 1592.     Primed  Ht  Oxford  in  l658,  in  4to. 

8.  He  cranslated  into  Latin  king  James's  Apology  for 
the  Oath  of  Allegiance.  He  alio  left  seveml  manuscripU 
behind  him,  written  by  order  of  king  James;  all  which 
are  in  tbe  Bodleian  library.  He  wrote  ooies  aUo  on  the 
margin  of  many  books  in  his  library,  particularly  b^use- 
bius's  Ecclesiastical  History  ;  which  were  afterwards  used 
by  Valesius,  in  liis  edition  of  that  work  in  ]b"5y.— i'ourof 
his  letcen  to  Camden  are  publisihed  by  Smith,  among 
Catnden'a  Letters,  ifi^l,  4to. 

Sir  Henry  Saville  had  a  younger  brother,  Thokas 
S&TILLE,  who  wa»  admitted  probationer  fellow  of  Mer- 
ton-coll^e,  Oxford,  in  1580.  He  afterwards  travelled 
abroad  into  several  countries.  On  his  return  he  was 
chosen  fellow  of  Eton-coll^  ;  but  be  died  at  London  in 
'  1393.  Thomas  Saville  was  also  a  man  of  great  learning, 
and  an  intimate  friend  of  Camden  ;  among  whose  letters, 
just  mentioned,  there  are  15  of  Mr.  Saville'^  to  him. 
■  SAUNDERSON  [Dr.  Nicholas),  an. eminent  profes- 
lor  of  mathematics  in  tbe  univenrity  of  Cambridge,  and  a 
fellow  of  the  Royat  Society,  was  bom  at  Thurhton  in 
Yorkshire  in  l682.  When  he  was  but  twelve  months  old, 
he  lost  not  only  his  eye-s^ht,  but  bis  very  eye-balls,  by  the 
>mal1-pox  ;  go  that  he  could  retain  no  more  ideas  of  vision 
than  if  he  had  been  born  blind.  At  an  early  age,  how- 
ever, being  of  very  promising  parts,  he  waa  sent  to  the 
free-school  at  Penniston,  and  there  laid  the  foundation  of 
that  knowledge  of  Greek  and  Latin  languages,  which  he 
afterwards  improved  so  far,  by  his  own  application  to  tbe 
Massic  authors,  as  to  hear  the  works  of  Euclid,  Archi- 
medes, and  Diophantus  read  in  their  original  Greek. 

Having  acquired  a  grammatical  education,  his  father, 
-who  was  in  tbe  excise,  instructed  him  in  the  common 
.  niles  of  arithmetic.  And  here  it  was  that  his  excellent 
mathematical  genius  lint  appeared  :  for  he  very  soon  be- 
came abl^  to  work  tbe  common  questions,  to  make  long 
calculations  by  the  strength  of  his  memory,  and  to  form 
new  rules  lo  himselffor  the  better  resolving  of  such  pro- 
blems as  are  often  proposed  to  learners  b«  trials  of  skill. 

At  the  age  of  1 8,  our  author  was  introduced  to  the  ac- 
quaintance of  Richard  West,  ofUnderbank,  Elsq.  a  lover 
of  mathematics,  who,  observing  Mr.  Saunderson's  ancom- 
mon  capacity,  took  tbe  pains  to  instruct  him  in  the  prin- 
eiple»ut' algebra  and  geometiy,  and  gave  him  every  en- 
couragement in  his  power  to  the  prosecution  of  these- 
Studies.  Soon  after  this  he  became  acquainted  also  with 
Dr.  Nettlcton,  who  took  the  same  pains  with  him.  And 
it  was  to  thesL-  two  gentlemen  that  Mr.  Saunderson  owed 
Itit  first  institution  in  the  mathematical  sciences:  they 
fiirnished  him  with  hooka,  and. often  read  and  expounded 
tbem  to  him.  But  he  soon  surpassed  his  masters,  and  b»- 
came  fitter  to  teach,  than  to  learn  any  thing  from  them. 
.  His  father,  otherwise  burdened  with  a  Numerous  family, 
finding  a  difficulty  in  supporting  him,  bis  friends  began  to 
think  of  providing  both  for  his  education  and  maintenance. 
His  own  inclination  led  him  strongly  to  Cambridge,  and 
it  was  at  length  determined  that  he  should  try  his  fortune 
there,  not  as  a  scholar,  but  a*  a  Aiaster  :  or,  if  <his  de- 
sign should  not  succeed,  they  promised  themselyes  success 
in  opeuing  a  school  for  faim  at  London.     Accordingly  he 
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went  to  Cambridge  in  1707,  bdng  th^n  85  years  of  age, 
and  his  fame  in  a  short  time  filled  the  university.  Newton's 
Principia,  Optics,  and  Universal  Arithmetic,  werw  the 
foundations  of  his  lectun-s,  and  afforded  him  a  noble  field 
for  the  display  of  his  genius;  and  great  numbers  came  tu 
hear  a  blind  man  give  lectures  on  optics,  discourse  on  the 
natureof  light  and  colours,  explain  the  theory  of  vision, 
the  effect  of  glasses,  tbe  phenomenon  of  the  rainbow,  and 
other  objects  of  sight. 

As  be  instructed  youth  in  the  principles  of  the  Newto- 
nian philosophy,  he  soon  became  acquainted  with  its  in- 
comparable authoi',  though  he  had  several  years  befbra 
left  the  university  ;  and  frequently  conversed  with  him  on 
themostdifficult  pftrtsof  bis  works  ;  he  also  held  a  friendly 
corarounicaiion  with  the  other  eminent  mathematicians  of 
tbe  age,  Halley,  Cotes,  Demoivre,  &c. 

Mr.  Wbistoti  was  during  this  time  in  tbe  mathematical 
professor's  chair,  and  read  lectures  in  the  manner  pro- 
posed by^lr.  Saunderson  on  bis  settling  at  Cambridge;  so 
that  an  attempt  of  this  kind  looked  like  an  encroachment 
on  the  privile{;e  of  bis  office;  but,  as  a  good-natured  man, 
and  en  encourager  of  learning,  he  readily  consealed  to  the 
application  of  friends  made  in  behalf  of  so  uncommon  a 

On  the  removal  of  Mr.  Whiiton  from  bis  professor- 
ship, Mr.  Saunderson'e  merit  was  thought  so  much  sn- 
perior  to  that  of  any  other  competitor,  that  an  extra- 
ordinary step  was  taken  in  his  favour,  to  qualify  him 
with  a  degree,  which  tbe  statute  requires  :  in  consequtmco 
he  was  chosen,  in  1711,  Mr.  Whiston's  successor  in  the 
Lucssian  professorship  of  mathematics.  Sir  Isaac  -Newton 
interesting  himself  greatly  in  his  favour.  His  first  per* 
formance,  after  he  was  seated  in  tbe  chair,  was  an  inau- 
gural speech  made  in  very  elegant  latin,  and  a  style  tnil<r 
Ciceronian;  for  he  was  well  versed  in  the  writings  of  Tully, 
who  was  his  favourite  in  proae,  as  Virgil  and  Horace  were 
in  verse.  From  this  time  he  applied  himself  closelytotho 
reading  of  lecture*,  andgaveuphiswhole  time  to  his  pupils. 
He  continued  to  reside  among  the  gentlemen  of  Chriit- 
cojlege  till  the  year  1723,  when  he  took  a  house  in  Cam- 
bridge, and  soon  after  mnrried  a  daughter  of  Mr.  Dickens, 
rector  of  Boxwortb  in  Cambridgeshire,  by  whom  be  bad 
a  son  and  a  daughter. 

In  the  year  1728,  when  king  George  visited  the  univer- 
sity, he  expressed  a  desire  of  seeing  sa  remarkable  a  per- 
son ;  and  accordingly  our  professor  attended  his  majesty 
in  tbe  senate,  and  by  his  favour  was  there  created  doctor 

Dr.  Saunderson  was  naturally  of  a  strong  healthy  con- 
stitution ;  but  being  too  sedentary,  and  constantly  cod* 
fining  himself  to  tbe  house,  he  became  a  valetudinarian : 
and  in  the  spring  of  tbe  year  1739  he  complained  of  a 
numbness  in  his  limbs,  which  ended  in  a  mortification  in 
bii  foot,  of  which  he  died  the  I9tb  of  April  that  year,  in 
tbe  57th  year  of  his  age. 

There  was  scarcely  any  part  of  tbe  mathematics  on 
which  Dr.  Saunderson  had  not  composed  something  for 
tbe  use  of  his  pupils.  But  he  discovered  no  intention  of 
publishing «ny  thing  till,  by  the  persuasion  of  faisfricni)^ 
nc  prepared  his  Elemcnta  of  Algebra  for  the  press,  wbtcti 
after  his  death  were  published  by  subscription  in  S  v^a 
4to,  1740. 

He  left  many  other  writings,  though  none  perhaps  pr«> 
pared  for  the  press.  Among  these  were  some  valuable  com- 
ments on  Newton'*  Pnnoipia,  which  not  only  explain  tbe 
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mors  difficult  perti,  but  often  Improve  upon  the  doctrine  what  pert  of  the  wilk  he  itood,  merely  by  the  note  It 

itK'ir.   TheM  ire  publnbcd  in  Latin  at  the  end  of  hii  poit-  lounded. 

bumoui  TrcatUe  on  Fluxion*,  a  valuable  vrotlc,  publi*hetl  Dr.  Saundenou  bad  a  peculiar  method  of  perfomiing 

in6vo,l756\ — Hit  niiiiiu!<cript  lectures  too,  on  must  paiti  ariibmetical  calculations,  by  an  ingenious  macliine  and 

(>f  natural  pbiloEO)ihy,  wliicii  1  have  u«n,  night  make  a  method,  which  is  particularly  dctcribed  in  u  pitce  pTc 

cuDsiderable  vnlume,  and  prove  an  acceptable  presant  to  fixed  to  Ibe  first  volume  of  his  Algebra.    That  he  \va»  able 


e  public  if  (irintod. 

Dr.  Saunderson,  as  to  his  character,  wasatnan  of  much 
wit  and  viracity  in  convenialion,  and  escfemed  an  excel- 
lent companion.  He  was  endued  wilfa  a  great  regard  to 
truth  i  and  «-as  such  an  enemy  to  disguise,  that  he  thought 
ic  his  duty  to  speali  his  thoughts  at  all  tines  with  unre- 
strained freedom.  Hence  his  sentiments  on  men  and 
opinions,  hi«  friendship  or  disregard,  were  expteued 
without  resi-rvc;  a  tincerity  which  raited  him  many 
eneraiet. 

A  bhnd  jnao,  moving  in  the  sphere  of  a  mathematician, 
seams  a  phenomenon  difficult  to  be  accounted  for,  and  haa 


cited  the  admiration  of  every  age 


1  which  it  has 


peared.  Tully  mentions  it  ai  a  thing  scarce  credible  m 
hi*  own  master  in  philosophy,  Diodotus;  that  he  exer- 
cised himself  in  it  with  more  assiduity  after  he  became 
blind  i  and  what  he  thought  next  to  impossible  to  be  done 
wilhoat  sight,  that  he  professed  geometry,  describing  his 
diagrams  so  exactly  to  bis  schoUri,  that  they  could  draw 
every  line  in  its  proper  direction.  St.  Jerome  relates  a 
still  more  remarkable  instance  in  Didymus  of  Alexandria, 
'    ,  though  blind  from  his  infancy,  and  therefore  igno- 


I  make  long  and  intricate  calculations,  both  arithmetical 
and  algebraical,  is  a  thing  as  certain  ^s  it  is  wonderful. 
He  bed  contrived,  for  his  own  use,  a  commodious  nota- 
tion for  any  large  nuroben,  which  he  could  cipreis  on 
his  abacus,  or  calculating  table,  and  with  which  he  could 
readily  perform  any  arithmetical  operations,  by  the  sense 
of  feeling  only,  for  which  reason  it  was  called  bis  Palpa- 
ble Arithmetic. 

His  calculating  table  was  a  smooth  ihio  board,  a  little 
more  than  a  foot  square,  raised  upon  a  small  frame  so  as 
to  lie  hollow ;  which  board  was  divided  into  a  great 
number  of  little  squares,  by  lines  intersecting  one  aoothee 
perpendicuUily,  and  parallel  to  the  tides  of  the  table, 
and  the  parallel  ones  only  oue-tenth  of  an  inch  from  each 
other;  so  that  every  square  inch  of  the  table  was  thus 
divided  into  100  little  squares.  At  every  point  of  inter- 
section Ibe  board  was  perforated  by  small  holes,  capable 
of  receiving  a  pin  ;  for  it  was  by  the  help  of  pins,  stack 
up  to  the  head  through  these  holes,  that  he  expressed  bis 
numbers.  lie  used -two  kinds  of  pins,  a  larger  aiul  a 
smaller  sort;  at  least  their  heads  were  different,  and  might 
illy  be  distinguished  by  feeling.     Of  these  pins  he  had 


rant  of  the  very  letters,  not  only  leartKd  logic,  but  geo-  a  large  quantity  iu  two  boxes,  with  their  poinii  cut  off, 
Bietry  also  to  very  great  perfection,  which  seems  most  of  which  alwaj-s  stood  ready  before  him  when  he  calculated, 
all  to  require  »gbt.     But,  if  we  consider  that  the  ideas  of     The  writer  of  that  account  describes  particularly  the 


extended  quantity,  which  axe  the  chiel  objects  of  mathe- 
matics, may  as  well  be  acquired  by  the  sense  of  feeling  as 
that  of  sight,  that  a  fixed  and  steady  attention  is  the  prin- 
cipal qualiGcation  for  this  study,  and  that  the  blind  are  by 
necessity  more  abstracted  than  others  (for  which  reason  it 
it  said  that  Democritus  put  out  his  eyes,  that  he  might 
think  more  intensely),  we  shall  perhaps  find  reason  to'sup- 
pose  that  there  is  no  branch  of  science  so  much  adapted 
to  their  circumstances. 

At  firat.  Dr.  Saunderson  acquired  most  of  his  ideas  by 
the  sense  of  feeling;  and  thia,  as  is  commonly  the  case 
with  the  blind,  he  enjoyed  in  great  perfection.  Yet  he 
could  not,  as  some  are  said  to  have  done,  distinguish  co- 
lours by  that  sente;  for,  afler  having  made  repeated 
trials,  he  used  to  say,  it  was  pretatdingto  impossibilities. 
But  he  could  with  great  nicety  and  exactness  observe  the 
smallest  degree  of  roughness  or  defect  of  polish  in  a  sur- 
lace.  Thus,  in  a  set  of  Roman  medaU,  be  distinguished 
the  genuine  from  the  false,  though  they  had  been  counter- 
feited with  such  exactness  as  to  deceive  a  connoisseur  who 
had  judged  by  the  eye.  By  the  sense  of  feeling  also,  he 
distinguished  the  least  variation';  and  be  has  been  seen  in 
a  garden,  when  observations  have  been  making  on 
sun,  to  take  notice  of  every  cloud  that  in 
observation  almost  as  justly  as  tbey  who 
He  couM  also  tell  when  any  thing  was  held  near  his  face, 
or  when  he  passed  by  a  tree  at  no  great  distance,  merely 
bf  the  different  impulse  of  the  air  on  his  face. 

His  ear  was  also  equally  exact.  He  could  readily  dis- 
tinguish the  5th  part  of  a  note.  By  the  quickness  of  this 
sense  he  could  judge  of  the  size  of  a  room,  and  of  his  dis- 
efrom  the  wail.     And  if  ever  ho  walked  over  a  pavO' 


rh«le  (>Tocess  of  using  the  machine,  and  concludes, 
could  place  and  displace  his  pins  with  incredible  nimble- 
nessand  facility,  much  to  the  pleasure  and  surprise  of  all 
the  beholders.  He  could  even  break  off  in  the  middle  of* 
a  calculation,  and  resume  it  when  he  pleased,  and  could 
presently  know  the  condition  of  it,  by  only  drawing  his 
fingers  gently  over  the  table." 

SAURIN  (Jossph),  an  ingenious  French  mathemati- 
cian, was  born  in  l659,  at  Courtaison,  in  the  principality 
of  Orange.  His  father,  minister  at  Grenoble,  was  a  man 
of  a  very  studious  disposition,  and  was  the  firs^receptor 
or  instructor  to  our  author ;  who  made  a  rapid  progress 
in  his  stuilics,  and  at  a  very  early  age  was  admitted  a  mi- 
nister at  Eure  in  Dauphiny :  but  preaching  an  offensive 
sermon,  he  was  obliged  to  quit  France  in  1663.  On  this 
occasion  he  retired  to  Geneva;  whence  be  went  into  the 
State  of  Berne,  and  was  appointed  to  a  living  at  Yverdun. 
He  was  no  sooner  established  in  this  his  situation,  than 
certain  theologians  raised  a  clamour  against  him.  iiaurin, 
disgusted  with  the  controversy,  and  still  more  with  the 
bwiss,  where  his  talents  were  buried,  passed  into  Holland, 
and  from  thence  Into  France,  wheie  he  put  himself  under 
the  protection  of  the  celebrated  Bossu,  to  whom  he  made 
iptrd  the  his  abjuration  in  iGyo,  as  it  is  suspected,  that  he  might 
find  protection,  and  have  an  opportunity  of  cultivating 
the  sciences  at  Paris.  And  in  this  he  was  not  disap* 
pointed:  he  met  with  many  flattering  encouragements; 
was  even  much  noticed  by  the  king,  had  a  pension  from 
the  court,  and  was  admitted  of  the  Academy  of  Sciences 
in  1707,  in  the  quality  of  geometrician.  This  science 
was  now  hit  chief  study  and  delight ;  with  many  writings 
upon  which  he  enriched   the  volums  of  the  Jeurnal  des 


ment,  in  courts  ur  piaazas  which  refiected  a  sound,  and     Savaos,  and  the  Memoirs  of  the  Academy  of  Sciences, 
was  afterwards  -conducted  thither  again,  he  could  tell  in     These  were  ihftonly  works  of  this  kind  that  he  published  : 
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be  wu  author  of  lerenl  oAer  piMM  of  a  eontrorenlal  Euclid  in  (he  ipice  of  a  month,  without  ibe  help  of  « 

Dkttire,  aatiott  the  celebnted  Routieau,  and  other  nntfr'  inniter. 

goniflti,  o«n-  whom,  with  the  ettiiitance  of  government,  he  As  he  had  an  impediment  in  hi«  voice,  though  othcr- 

««s  cnublid  ti>  triuroph.    The  latter  part  of  his  life  was  wise  endued  with  extraordinary  abilities,  be  wet  advised 

spent  mure  pcHCi^ably  in   cultivating  the  tn^ittiematical  by  M.  BuBsuel,  In  give  up  all  designs  for  the  churcb,  and 

sciences.     He  died  the  29ih  of  December  1737,  of  a  le-  to  apply  bimself  to  the  study  of  physic:  bat  this  being 

thar^c  fever,  at  78  years  of  age.  utterly  against  the  inclination  of  his  uncle,  from  whom  he 

The  character  of  Saurin  wu*  lively  and  impetuous,  ci»-  drew  bis  principal  resourcw,  &iuveur  drtermiofd  to  de- 

dued  with  a  considerable  degree  of  that  noble  indepcn-  vote  him^-lf  to  his  favourite  science,  and  tu  perfect  hiiji- 


dence  and  loftiness  of 
for  haughtinrsB  or  insolence  i 
his  memory  was  attacked  afti 
lion  had  been  during  his  life;* 
been  guilty  of  crimes,  by  his  i 
to  have  been  punished  with  death. 


self  it)  it,  an  as  to  irach  it  for  bis  support;  and  in  effect 
be  soon  became  the  fashionable  picceptor  in  inatLema- 
lies,  so  that  at  23  years  of  Hge  he  had  prince  Eug<.-ne  for 
his  scholar.— He  bud  not  yei  read  the  geometry  of  Des- 
confrasion,  Ihat  ought  cartes;  but  a  foreigner  of  the  brst  i|ua1ity  desiring  to  be 
tauglil  it,  heniadebimselfma>lerofitin  an  inconceivably 


icb  is  apt  t( 

1  be  mistaken 

consequen 

ee  of  which. 

lis  death,  t 

i>  his  reputa- 

i  it  was  eve 

n  said  he  had 

Saurin's  mathematical  and  philosophical  papers,  printed     small  space  of  time.— Basset  being  a  fasbio. 


in  the  Memoirs  of  the  Academy  of  Sciences,  which  i 
pretty  numerous,  are  to  be  found  in  the  volumes  fur  the 


able 


game  a 


that  time,  the  mlirquii  of  Dan>!eau  asked  him  for 
calculations  relating  to  it,  which  gave  such  satisfaction, 
tbat  Sauveur  had  the  honour  to  explain  them  to  the  kii^ 


,   1709,   1710,  )7IS,   1716,    17I8, 
-  "1720,  17.2,  1723,  1725,  1727. 

SAUSSURl',  (Horace  Benedictde),  an  ingenious 
philosopher,  -vho  was  born  at  Geneva  in  1740,  and  died 
in  1799  At  ibe  age  of  31  he  was  elected  philosophical 
professor  at  Geneva,  whert-  he  taught  for  85  years,  with 
great  puMic  benclit.  He  Arst  visited  Paris  in  1768,  and 
next  exaniined  the  discoveries  of  Montgolfier  at  Lyons  ; 
)it  then  travelled  through  Holland,  Belgium,  England, 
and  Italy.  He  visited  the  island  of  Elba,  examined  Ve- 
suvius, and  measured  ihe  crater  of  £ina.  He  invented 
several  instruments,  in  scientific  operations.  In  bis  ex- 
cursions among  the  Alps,  he  crossed  them  14  times,  at  8 
different  places ;  and  he  ascended  to  the  summit  of  Mom 
Blanc,  where  he  could  hardly  breathe.  He  was  made 
.member  of  Ihe  Academy  of  Sciences  et  Paris,  &c.  In 
the  French  revolution  he  was  elected,  on  the  union  of  his 

country  to  France,  to  the  National  Assembly;  buttbedis-     also  particularly  acquainted 
order*  of  the  times  ruined  his  little  fortune,  and  broke     ''  '         '  '     ' 

his  heart. 

Saussure  was  author  of  an  Eulogy  on  bis  friend  Bonnet, 
Sfo:  Dissertatio  Physica  de  Igne:  Inquiry  on  the,  Bark 
of  Leaves,  &c :  Dissertatio  Physica  de  Electriciute,  Svo : 
Plan  of  Reform  for  the  College  of  Geneva  :  Descripii 


In  1681  he  was  sent  with  M  Mariotte  to  Chantilli,  to 
make  some  experiment!  upon  the  waters  there,  which  ho 
did  with  much  applause.  The  frequent  visits  he  made  tu 
this  place  insprred  him  with  the  design  of  writing  a.  trea- 
tise on  fortification  ;  and,  i*  order  10  join  practice  with 
theory,  he  went  to  the  siege  ofMons  in  )6'91,  where  he 
continued  all  the  while  in  the  trenches.  With  the  same 
view  also  be  visited  all  the  towns  of  Flanders ;  and  on  his 
return  be  became  the  mathematician  in  ordinary  at  the 
court,  with  a  pension  for  life.— In  I68O  he  had  been 
chosen  to  teach  mathemaiics  to  the  pages  of  the  Dau- 
phiness.  In  l(iS6  bo  was  ap|)ointed  mathematical  pro- 
fessor in  the  Royal  College.  And  in  1096  admitted  a 
member  of  the  Academy  of  Sciences,  where  he  was  in 
high  esteem  with  the  members  of  that  society. — He  became 
"ated  with  the  prince  of  Cundfe, 
from  whom  he  received  many  marks  of  favour  and  afiec- 
tion.  Finally,  M.  Vauban  having  been  made  marshal  of 
France,  in  1703,  he  proposed  Sauveur  to  the  king  as  hit 
successor  in  the  office  of  examiner  of  the  engineers;  to 
which  his  majesty  agreed,  and  honoured  him  with  a  pen- 
which  our  author  enjoyed  till  his  death,  which  hap- 


of  the  Electrical  Effects  of  Thunder:  Essay  on  Hygro-     pened  the  tjth  of  July  J7l6,  in  the  64th  year  of  his  age. 

metry,  4to:  Travels  in  the  Alps,  4  vols.  4to,  a  valuable         " :_  1  ■    -.        --  ,.     .  ■ 

work :  and  other  pieces. 

SAUVEUR  (Joseph),  an  eminent  French  mathema- 
tician, was  bom  at  La  Fleche  the  S 4th  of  March  1653. 
He  was  absolutely  dumb  till  be  was  seven  years  of  age ; 
and  then  the  organs  of  speech  did  not  disengage  so  effec- 
tually, but  that  he  was  ever  after  obliged  to  speak  very 
slowly  and  with  difficulty.  He  very  early  discovered  a 
great  turn  for  mechanics,  and  was  always  inventing  and 
constructing  something  or  otber  in  that  way. 


Sauveur,  in  Lis  character,  was  of  a  kind  obliging  disp<» 
sition,  of  a  sweet,  uniform,  and  unaficcted  temper;  and 
though  his  fame  was  pretty  generally  spread  abroad,  it  did 
not  alter  his  bumble  deportment,  and  the  simplicity  of 
bis  manners.  He  used  to  say,  that  what  one  man  could 
accomplish  in  mathematics,  another  might  do  also,  if  Jie 
chose  it. 

An  extraordinary  part  of  Sauveur's  character  is,  that 
though  he  had  neither  a  musical  voice  nor  ear,  yet  he 
studied  no  science  roure  than  rausic,  of  which  he  corn- 
He  was  sent  to  the  college  of  the  Jesuits  to  study  po-  posed  an  entire  new  system.  And  though  he  was  obliged 
lite  literature,  but  made  very  little  progress  in  poetry  and  to  borrow  other  people's  voice  and  ears,  yet  he  amply  re- 
eloquence.  Virgil  and  Cicefb  had  no  charms  for  him ;  paid  them  with  such  demonstrations  as  were  unknown  to 
but  he  read  Aitb  eagerness  books  of  arithmetic  and  geo-  former  musicians.  He  also  introduced  a  new  diction  in 
melry.  However,  he  was  prevailed  on  to  go  to  Paris  in'  music,  more  appropriate  and  extensive.  He  invented  a 
1670,  and,  being  intended  for  the  church,  there  he  ap-  new  doctrine  of  sounds;  and  was  the  first  that  discovered, 
plied  himself  for  a  time  to  the  study  of  philosophy  and  by  theoty  and  experiment,  the  velocity  of  musical  strings, 
theology;  but  still  succeeded  no  better.  In  short,  ma-  and  the  spaces  they  describe  in  their  vibrations,  under  all 
thematics  was  the  only  study  he  had  any  relish  for,  and  circumstances  of  tension  and  dimensions.  It  was  he  also 
this  he  cultivated  with  extraordinary  success  ;  for  during  who  first  invented  for  this  purpose  the  monocbord  and  the 
bii  coarse  of  philosophy,  he  learned  the  first  lix  books  tu    echometer.    la  short,  he  pursued  his  lesearches  even  to 
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tbfl  nunc  of  Ibe  indent  Greeks  and  Romtns,  to  the 
Arabs,  and  to  the  very  Turks  and  Peraiau ;  lo  jealoui 
WBi  he,  lest  any  thing  should  escape  him  in  the  science  of 
■oUnds. 

Sauveur's  writing,  which  coDsist  of  pieces  rather  than 
6f  set  vorks,  are  all  inserted  in  the  volumes  of  the  Me- 
moirs nf  the  Academy  of  Sciences,  from  the  year  1700  to 
the  year  37l6,  on  various  geometrical,  inatheraaticalf 
philosophical,  and  musical  atibjects. 

SCALK,  a  mathematical  instrument,  consisting  of  cer> 
tain  lines  drawn  on  wood,  metal,  ivory,  Sic,  divided  into 
Tarious  pans,  either  equal  or  unequal.  It  is  of  great  use 
in  laying  duiMi  distances  in  proportion,  or.  in  measuring 
distances  uJready  laid  down.  There  are  icales  of  various 
kinds,  accommodated  to  the  several  uses;  the  piiucipal 
are  the  Plane  Scale,  the  Diagonal  Scale,  Gunter's  Scale, 
and  the  Plotting  Scale. 

PioMor  Plain  Scale,  a  mathematical  instrument  of 
very  extensive  utB  and  application  ;  which  is  commonly 
maite  of  2  feet  in  length ;  and  the  lines  usually  drawn 
upon  it  are  the  following,  viz, 

'  "       '  "      ;,  and  marked  E.  P. 
Cho. 


i  Lines  of  Equal  Parti 
Chords  - 
Rhumbs    • 


Sim 


-  -    Ru. 

-  -    Sin. 


Tan. 


5  -     -     Tangents  - 

6  -     -     Secants     - 

7  -    •     Semi  tangents 

8  -    •     Longitude 

9  -  -  Latitude  -  -  -  -  lm. 
I.  The  lines  'of  equal  parts  are  of  two  kinds,  viz,  sim- 
ply divided,  and  diagonally  divided.  The  first  of  these 
are  formed  by 'drawing  three  lines  parallel  to  one  anollKr, 
and  dividing  ibem  into  any  number  of  equal  parts  by 
■hort  lines  drawn  across  them,  and  in  like  manner  sub- 
dividing the  first  division  or  part  into  10  other  equal 
■mall  parts}  by  which,  numbers  or  dimensions  of  two 
figures  may  be  lakea  off.  On  some  rulers,  several  of 
these  scales  of  equal  parts  arc  ranged  parallel  to  each 

'  other,  with  figures  set  to  them  to  show  into  how  many 
equal   parts   they   divide   the   inch;    as    30,   25,  30,  35, 
40,  45,  &(      —     -  ■ 
drawing  eii 


S.T. 
Long. 


3.  For  the  line  of  rhumbs,  divide  the  quadrant  ad 
into  8  equal  parts :  then  with  the  centre  a  transfer  tba 
divisions  to  the  chord  ad,  for  the  line  of  rhumbs. 

4,  For  the  line  of  sines,  through  each  of  the  divisions 
of  the  arc  be,  draw  right  lines  parallel  to  the  radius  ac, 
which  will  divide  the  radius  ce  into  the  sines,  or  versed 

The  2d  or  diagonal  divisions  are  foriped  by     sines,  numbering  it  from  c  to  E  for  the  sines,  and  from  B 
long  parallel  and  equidistant  lines,  which   ^to  c  for  the  versed  sines. 


«  divided  into  equal  parts,  and  crossed  by  other  short         5.  For  thi 
lines,  as  the  former ;  then  the  first  of  the  equal  partt  have     several  divisions 

"    "       ■  ■ -      line  EO,  which  fl 

bered  from  e  to 
6.  For  the  lii 


the  two  outermost  of  the  eleven  parallels  divided  ii 
equal  parts,  and  the  points  of  division  being  connected  by 
lines  drawn  diagonally,  the  whole  scale  is  thus  divided 
into  dimensions  or  numbers  of  three  places  of  figures. 
"Hie  other  lines  upon  the  ticales  are  such  as  are  cam> 
tnonly  used  in  trigcinometry,  navigation,  astronomy,  dial- 
ing, projection  of  the  sphere,  &c.  Sec  ;  and  their  con- 
ttruciions  are  mostly  taken  from  the  divisions  of  a  circle, 
as  follow: 

DevcrHw  a  circle  with  any  convenient  radius,  and 
quarter  it  by  drawing  the  diameters  ab  and  dc  at  right 
angles  to  each  other ;  continue  the  diameter  ab  out  to- 
wards F,  nod  dMw  the  langnnl  line  eo  parallel  to  it;  also 
■draw  liie  chords  ad,  db,  be,  ea.     Then, 

S.  For  the  line  ol  cliords,  divide  a  quadrant  be  into  po     circles  repi 
equal  pwrts;  un  b  "s  a  ctntri-,  iiith  the  compasses  trans-         8.  For  the 


of  tangents,  lay  a  ruler  on  C,  and  the 
of  the  arc  be,  and  it  will  intersect  the 
rill  become  a  line  of  tangeubj,  and  num- 
r.  with  10,20,30,  40,  &c. 
to  of  secants,  transfer  the  distances  be- 
tween  the  centre  c  and  the  divisions  on  the  line  of  tan- 
gents to  the  line  BF,  from  the  centre  C,  and  these  will  give 
the  divisiims  of  the  line  of  secanis,  which  must  be  num- 
bered from  B  towards  f,  with  10,  20, 30,  && 

7.  For  the  line  of  semi  tangents,  lay  a  ruler  on  D  and 
the  several  divisions  of  the  arc  eb,  which  will  .intersect 
the  radius  cb  in  the  divisions  of  the  seniitangents,  which 
are  to  be  marked  with  the  corresponding  figures  of  the 
arc  £B. 

The  chief  uses  of  the  sines,  tangents,  secants,  and  semi- 
tangents,  are  to  find  the  poles  ami  centres  of  tha  iievcral 
projections  of  the  sphere, 

tude,  divide  ibi.-  radius  CD  into 


fer  these  division',  to  the  chord  lini'  eb,  nhich  mark  with  6o  equal  parts;  through  each  of  these,  parallels  to  the 
tlie  corresponding  numbers,  and  it  will  become  a  line  of  radius  bc  will  intersect  the  arc  bd  in  as  many  poinI»: 
choid^  to  be  transferred  to  the  ruler.  from  s  as  a  centre  the  diriiions  o£  the  arc  bd  being  tran^ 
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ferratl  to  th«  chord  Bt>,  will  jive  the  t^viaion  of  the  line 
of  longiiude. 

If  (bis  line  be  laid  upun  ib«  scale  close  to  the  line  of 
cbords,  hotb  iaverU'd,  su  tbat  6(fi  in  the  scale  of  loi^- 
tude  be  against  0"  iu  the  cliords,  &c  ;  and  any  decree  oi 
latitude  be  cAunted  on  tbe  chords,  there  will  siand  op- 


For  lAoiie  on  ihia  lubject,  «ee  Notatiov.- 

ScALK  (^ Relation,  in  Algebra,  an  expreaaion  denoting 
the  Tt'lucion  of  lh&  terms  of  recurring  series  to  each  other. 
See  Series. 

Hour  ScAiJ.     See  Hoifr. 

ScAi-K,  in  Mu&ic,  is  a  denomination  givi 


posite  to  it,  in  the  line  of  longitude,  the,  miles  contained      rangement  i>f  ihe  six  lyllables,  invented  by  Guido  Ara-     - 


tinu,  u  Tc  mi  fa  tal  la ;  called  also  gammuL     It  is  colled  ' 
:ale,  or  ladder,  because  it  represents  a  kind  of  ladder, 
by  means  of  which  the  voice  rises  to  acute,  or  sinks  to 
grave ;  each  of  the  sis  syllables  being  as  it  \yen  ope  step 
of  tlie  ladder. 

Scale  is  also  used  for  a  series  of  founds  rising  or  fall- 
0  the  chord  ae,  for  tbe  ing  towards  acuieness  or  gravity,  from  any  given  pitch  of  . 
-  1  to  the  greatest  distance  that  is  fit  or  )}racticable, 
lugb  such  intermediate  degrees  as  to  make  tbe  suc- 
cession most  agreeable  and  perrt'Ct,  and  in  which  ne  have 
all  the  harraonical  intervals  most  commodinusly  divided. 
—The  scale  is  otherwise  called  an  Universal  System,  at 
including  all  the^articutar  systems  belonging  to  music. 


)  degree  of  longitude,  in  that  latitude ;  the  roea- 
•ure  of  I  degree  under  the  equator  being  60  geographi- 
cal miles. 

9.  Fur  the  line  of  latitude,  lay  a  ruler  on  b,  and  the 
several  divisions  on  the  sines  on  CE,  and  it  will  intersect 
the  aic  AE  in  as  many  points  ;   on  a  as  a  centre  transfer 
the  intersections  of  tbe  arc  ab  ti 
line  of  latitude. 

See  also  R>>b4.'rt9on's  Description  and  Ufe  of  Mathe- 
laatical'lustruments. 

Diagaiutt  bCALE.     See  the  article  1,  above. 

Dtctmr.l,  or  Gantet't,  or  Pkniing,  or  Praponimai,  or 
Sedudn^  Scaliu     See  the  severul  articles. 

Scale,  in  Architecture  and  Geography,  a  lin6  divided  See  STSTEii.-r-Thrre  were  three  diflerent  scalei 
into  equal  pans,  placed  at  the  bo|tainur'ii  mapordraught,  among  tbe  ancients,  which  had  their  dcnoniinatioos  from 
to  serve  as  a  common  meusire  to  lUl  the  parts  of  the  the  three  several  kinds  of  music,  via,  ibc  Diatonic,  Chro- 
bnildinft,  or  all  the  distances  and  pkces  of  the  map  matic,  and  Inharmonic ;  which  lice. 

In  main  of  targe  tracts,  an  kingdoms  and  provinces,  &c,         SCAL&NE,  or  Scale  nous  7VMn^/f,i^athangle  whose 
tbe  scale  usually  consists  of  miles:    whence  it  is  deao-     sides  and  angles  ant  all  unequal. — A  cylinder  or  cone, 

'  xis  is  oblique  ur  inclined  to  its  base,  is  also  said 

'alenous ;    [bough    more  frequently  it  is  called 


d  a  scale  of  miles. — In  more  particular 
thoee  of  manors,  &c,  the  st^ale  is  usually  oF  chain*  &c. — 
The  scales  used  in  draughts  uf  buildings  mostly  cnnsist  of 
modules,  feci,  inches,  palms,  fathoms,  or  the  like. 

To  6nil  llie  distance  between  two  towns  Sec,  in  a  map, 
tbe  interval  is  taken  in  the  compasses,  and  set  off  in  the 
scale  ;  and  the  number  of  divisions  it  includes  gives  the 
distance.  Ihe  same  method  serves  to  find  tbe  height  of 
«  atory,  or  other  part  ' 


obliqui 

SC^ALIGER  (Joseph  Jostds),  a  celebrated  French 
chronologer  and  critic,  was  tbe  son  uf  Julius  Cfesar  Sea- 
liger,  ond  born  at  Agen  in  France,  in  1540.  He  studied 
in  the  college  of  Buurdeaux  ;  after  which  his  lather  took 
bim  under  bis  own  care,  and  cmpliiyed  bim  in  transcrib- 
ing his  poems;   by  which  means  be  obtained  such  a  taste 


Front  Scale,  in  Perspective,  is  a  right  line  in  the  'for  poetry,  that  before  he  was  17  years  uf  age  he  wrote  a 

draught,  parallel  to  tbe  borisontal  line ;  divided  into  equal  tragedy  on  the  subject  of  Oi'dipus,  in  which  he  introduced 

parts,  representing  feet,  inches,  &c.  all  the  poetical  ornaments  of  style  and  sentiment. 

Flying  Scale,  is  a  risht  line  in  tbe  draught,  tending  to  His  father  dying  in  t55S,  he  went  to  Paris  the  year  fol- 
d>e  point  of  view,  and  divided  into  unequal  parts,  repre-  -  lowing,  with   a  design   to   apply  himself  to   the  Greek 

MDtiog  feet,  inches,  &c.  tongue;  for  which  |>urpose  he  for  two  months  attended 

IHfferauiiU  SicALB,  is  used  for  the  scale  of  relation  sub.  tbe  lectures  of  Turncbus ;    but  finding  that  in  the  usual 

trtcted  from  unity.     See  Seeibs.  course  he  should  be  a  lung  time  in  gaining  fiis  point,  he 

.  Scale   qf  Notation,  is  the  order  of   progression  on  shut  himself  up  in  his  closet,  and  by  constant  applicatioo 

which  any  system  of  arithmetic  is  founded;  as  the  Binary  ~  for  two  years  gained  a  perfect  knowledge  of  tbe  Greek 

Scale,  Quartenary,  Sexenary,  Denary,  Duodenary,  Aic.  lat^uagi.     After  which  be  applied  himself  to  tbe  Hebrew, 

The  denary,  or  decimal  scale,  is  that  on  which  our  pre-  which  he  learned  by  hiraself  with  great  facility.     And  in 

lent  notation  is  established,  and  by  which  tbe  value  of  our  like  manner  he  ran  through  many  other  languages,  till  be 

sumerical  characters  increase  in  a  tenfold  proportion,  could  cpeak,  it  is  said,  no  leas  than  13  ancient  and  modern 

from  the  right  hand  towards  the  left,  tbe  number  of  cha-  tongues.  He  made  no  less  progress  in  the  sciences;  and  bis 

ncters  employed  bei0  ten.    In  the  binary  scale,  ther;  writings  procured  him  the  reputation  of  onb  of  tbe  greatest 

are  only  two  characters,  namely  1  and  0 ;  and  generally,  men  of  that  or  any  other  age,'    fie  einbraccd  the  reformed 

for  any  scale  of  notation,  the  number  of  characters  neces-  religion  at  22  years  of  age :  and  in  136*3,  he  attached 

saiy  for  expressing  a  given  quantity,  will  never  exceed  tbe  himself  to  Lewis  Casleignier  de  la  Roeh  Pazay,  whom 

radix  of  that  system,  he  attended  in  several  journeys.    And,  in  1^93,  the  cur»- 

Tbe  following  examples  will  give  some  idea  of  tbe  use  tors  of  the  university  of  Leyden  invited  him  to  an  hono- 
rary professorship  in  that  university,  where  he  lived  \6 
yean,  till  he  died  of  a  dropsy  in  l6op,  Bt,ll9  years  of  age. 


of  the  different  scales. 


Prugrttriaru. 
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^ ^-,  .A  1609,  at,i 

^f^*-  Scoliger  was  a  man  of  great  tempemnce ;  was  never 

3+0    — "™4a  married ;  and  was  so  close  a  student,  that  he  often  »pent 

xa+i'"    «si  whole  days  in  his  study  without  eating:  and  though  bfs 

x*+3=  ''3*  circumstances  were  always  verynarrow,  he  constantly  ra- 

"■^'"'■"""^  fused  the  presents  that  were  Offered  him, 

_  _^ He  was  author  of  many  ingenious  works  on  varioiu 

-mm  sntyecls.    Hit  clabonte  work,  De  Emesdatioiie  Tunp*- 
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nim  ;  hU  exquiiite  animadTertions  onEnsebius;  with  bis  Thiont  I'sin^,  M.J.  A.  Lepante,  M.Ie  Roy,  M,  Ferdinfttid 

CanoD  Isagogicus  ChronologiK ;  anil  his  accurate  com-  Bcrtoud,  and  Mr.  Cummiiigs'   Elemet^ts  of  Clock  and 

mtnt  upon  Maniliut'i  Astronomicon,  suflicicntly  evince  his  Watchwork,  in  which  we  have  a  minute  description  of  se- 

kiiowlsdge  in  astronomy,  and  other  branches  of  learning,  veral  new  and  ingenious  coDstructioni  of  scapements,  with 

among'thc  ancients,  and  who,  according  to  the  opijiian  of  an  investigation  of  the  principles  on  vbich  their  claim  to 

the  celebnted  Vieta,  wu  far  superior  to  any  of  that  age.  merit  is  founded;  also  a  comparative  view  of  the  advan- 

And  he  had  no  less  a  character  given  him  by  the  learned  tage*  or  defects  of  the  several  constructions.     Besides  the 

Casaubon, — He  wrote  Cyclometrica et  Diatriba  dc  Equi-  scapemeiits  described  in  the  above  works,  many  curious 

noctiorum  Anticipatione.     Also  notes  upon  Seneca,  Varro,  constructions  have  been  produced  by  eminent  artists,  wbo 

and  Ausonius's  Poems.     But  that  which  above  all  things  have  not  published  any  account  of  them,  nor  of  the  mp- 

renders  ihe  name  of  Scaliger  memorable  to  posterity,  is  lives  which  have  induced  each  to  prefer  his  favourite  con- 

ihe  invention  of  the  Julian  period,  which  consists  of  79S0  struction  :  Mr.  Harrison,  Mr.  Hindley  of  York,  Mr.  Elli- 

yesrs,  being  the  continued  product  of  the  three  cycles,  of  cot,  Mr.  Mndge,  Mr.  Aniold,.MT,  Whitehurst,'mnd  muiy 

ibe  sun  38,  the  moun  19,and  Roman  indiction  15.     This  other  ingenious  artists  of  this  country,  have  made  scape- 

period  had  its  beginning  fixed  to  the  7S4th  year  before  meats  of  new  and  peculiar  constructions,  of  which  we  are 

the  creation,  and  is  not  yet  completed,  and  comprehends  unable,  for  the  alwve  reason,  to  give  any  further  account 

all  other  cycles,  periods,  and  epochas,  with  the  times  of  than  that  those  of  Mr.  Harrison  and  Mr.  Hindley  had 

all  mctnurable  actions  and  histories.     The  collections  in-  scarce  any  frictiao,  with  a  certain  mode  and  quantity  of 

titled  Scaligeriana,  were  made  from  his  conversations  by  recoil ;  those  of  all  the  other  genileiqen,  we  believe,  have 

one  Of  his  friends  ;  and  being  ni^ed  in  alphabetical  or-  been  on  the  principle  of  the  dead  beat,  with  such  other 

der,  were  published  by  Isaac  Vossius.  improvements  as  they  severally  judged  most  conducive  to 

SCANTLlNGv  a  measure,  sice,  or  standard,  by  which  a  good  performance. 

Ihe  dimensions  tec  of  things  are  to  be  determined.    The  Count  Bruhl  published,  in  1794,  a  small  pamphlet, 

term  is  particularly  applied  lo  the  dimensions  of  any  piece  "  On  the  Investigation  of  Astronomical  Circles,"  to  which 

of  timber,  with  regard  to  its  breadth  and  thickness.  he  has  annexed,  "  A  Description  of  the  Scapementin  Mr. 

SCAFEMENT,  in  Clock-work,  a  general  term  for  the  Mudge's  first  Timekeeper,  drawn  np  in'August  1771." 

manner  uf  communicating  the  impQlse  of  the  wheels  to  Before  entering  upon  the  description,  the  count  premises  a 

the  pendulum.    The  ordinary  scapements  consist  of  the  few  observations,  in  one  of  which  he  recogniiesabintcen- 

swing-wheel  and  pallets  only;  but  modern  improvements  ceming  the  nature  of  Mr.  Mudge's  scapement,  thrown  out 

have  added  other  levers  or  detenin,  chiefly  for  the  pur-  by  this  artist  )d  a  small  tract  printed  by  him  in  the  year  . 

poses  of  diminishing  friction,  or  for  detaching  the  pndu-  17^3,  which  is  this :  "  The  force  derived  from  the  main- 

ium  from  the  pressure  of  the  wheels  during  part  of  the  spring  should  be  made  as  equal  as  possible,by  making  the 

time  of  its  vibration.     Notwithstanding  the  very  great  im-  mainspring  wind  up  another  smaller  spring  at  a  las  di- 

portance  of  (he  scapement  lo  the  performance  of  clocks,  stance  from   ihe  balance,  at  short  intervals  of  ,time.     I 

no  material  improvement  was  made  in  it  from  the  fitstap-  think  it  would  not  be  impracticable  lo  make  it  wind  up 

plication  of  the  pendulum  to  clocks,  to  the  days  of  Mr.  at  every  vibration,  a  small  spring  similar  to  the  pendulum 

George  Graham  ;  nothing  more  was  atlempted  before  bis  spring,  that  should  immediately  act  on  the  balance,  by 

time,  than  to  apply  the  impulse  of  the  swing-wheel,  in  which  the  whole  force  acting  on  the  balance  would  be  rc- 

Buch  manner  as  was  attended  with  the  least  friction,  and  dut^d  to  the  greatest  simplicity,  with  this  advantage,  that 

would  give  the  greatest  motion  to  the  pendulum.     Dr.  the  force  would  increase  in  proportion  to  the  arch."  From 

Halieydiscovered,  bysomeexperimeotamadeat  the  Royal  this  hint.  Count  Bruhl  is  surprised  that  no  other  artitti 

Observatory  at  Greenwich,  that  by  adding  more  weight  have  taken  up  Mr.Mudge's  invention.     He  then  gives  ihe 

to  the  pendulum,  it  was  made  to  vibrate  larger  arcs,  and  description  of  that  invention,  in  the  pamphlet above-men- 

the  clock  went  failer;  by  diminishing  the  weight  of  the  tioned. 

pendulum,  the  vibrations  became  shorter,  and  the  clock  For  a  detailed  account  of  Mudge's  scapement,  and  other, 

went  slower;  the  result  of  these  fxperimenti  being  diamer  inventions  of  this  Ifind,  see  Gregory's  Mechanics,  vol.3, 

trically  opposite  to  what  ought  to  be  expected  from  tbe  pa.  329. 

theory  of  the  pendulum,  probably  first  roused  the  attention  SCARP,  in  Fortification,  (be  interior  slope  of  tbe  ditch 

of  Mr.  Graham,  and  led  him  to  such  further  trials  as  con-  of  a  place;  that  is,  the  slope  of  that  side  of  a  ditch  which 

vinced  him,  that  this  seeming  paradox  was  occasioned  by  is  nest  to  the  place,  or  on  the  outside  of  the  rampart  at  its 

the  retrograde  motion,  which  was  given  to  the  swing-wheel  foot,  facing  the  champaign  or  open  country.     The  slope 

by  every  construcli'on  of  scapement  that  was  at  that  time  on  the  outer  side  of  the  ditch  is  called  the  Counterscarp, 

in  use;  and   his  great  sagacily  soon   produced  a  remedy  SCliNOGRAPHY,  in  Perspective,  ihc  perspective  re- 

forjhis  defect,  by  constructing  a  scapement  which  pre-  presentation  of  a  body  on  a  plane;  ora  description  and 

vented  all  recoil  of  the  wheels,  and  restored  to  the  clock  view  of  it  in  all  its  parts  and  dimensions,  such  as  it  appear* 

pendulum,  wholly  in  theory,  and  nearly  in  practice,  all  its  to  the  eye  in  any  oblique  view.     This  differs  essentially 

natural  properties  iu  its  detached  simple  state  ;  [hisscap<y  from  the  ichnograpby  and  the  orthography.    The  ichno- 

mentwas  named  by  ^tscelebrated  inventor  the  Dead  Beat,  graphy  ofabuilding,  &c,  represents  the  plan  or  ground 

and  its  great  superiority  was  so  universally  acknowledged,  work  of  the  building,  or  section  parallel  to  It;  and  the 

that  it  was  soon  introduced  into  general  use,  and  still  con-  orthography  the  elevation,  or  front,  ur  one  side,  also  in  its 

tinues  in  univeriial  esteem.     The  importance  of  the  scape-  natural  dimensions;    but  the  scenography  exhibits  the 

nx'nt  to  the  accurate  going6f  clocks,  washy  this  improve-  whole  of  ibe  building  that  appears  to  the  eye,  front,  sides, 

ment  rendered  so  unquestionable,  that  artists  of  th«  first  height, and  all,  not  in  their  real  dimensions  or  extent,' but 

rate  all  over  Europe,  were  forward  in  producing  each  bis  raised  on  the  geometrical  plan  in  peispective.— In  archi- 

pariicuUr  couitruction,  as  may  be  seen  in  the  works  of  lecture  and  foiltfication,  scenography  it  the  manner  of  ifr 
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tineaiiiig  the  Mveral  parts  of  a  building  or  fortress,  as  they 
aru  represented  in  perspective. 

To  exhibit  lite  Scenogeaphy  of  any  body.  1.  Ldy 
down  the  baats,  ground- plot,  or  plan,  ofibc  body,  in  ilic 
perspective  ichiiography,  that  is,  draw  the  perspective  ap- 
pearance of  tbc  pian  or  basement,  by  the  proper  rules  of 
persp^tive.  2.  On  the  several  points  of  the  sei'l  perspec- 
tive plan,  laisi:  the  perspective  heights,  and  connect  the 
tops  of  them  by  the  proper  slope  or  oblique  lines.  So  will 
the  scenograpby  of  the  body  be  completed,  when  a  proper 
shade  is  added.     See  P^ksfective. 

SCHBINER  (CiiftiSTopHER),  a  consideiable  German 
mathematician  and  utronoiner,  was  born  at  Mundi^lbeim 
fn  Scbwtrben  in  1575.  He  entered  into  tlic  society  of  the 
Jesuits  at  30  years  of  age;  and  afterwards  tatigbt  the  He- 
brew tongue  and  the  mathematics  at  Ingolstadt,  Fiiburg, 
Brisac,  and  Rome.  At  length  he  became  confessor  to  the 
archduke  Charles,  and  rector  of  ibe  college  of  the  Jesuits 
■  U  Neisse  inSilesia,  where  he  died  in  l65o,  at  75  years 

Schcincr  was  chiefly  remarkable  for  being  one  of  the' 
first,  though  noit  the  very  first,  who  observed  (he  spots  in 
the  sun  with  the  telescope  ;  for  his  observations  of  those 
spots  were  &xpl  made,  at  Ingolstadt,  in  the  latter  part  of 
the  year  iCll,  whereas  Galileo  and  Harriot  both  observed 
them  in  the  latter  part  of  tbc  year  before,  or  l6lO. 
Scheiner  continued  his  observations  an  the  soUr  pheno- 
mena for  many  years  afterwards  at  Rome,  with  great  assi- 
duity and  accuracy,  constantly  diaking  drawings  of  them 
on  paper,  describing  their  places,  figures,  magnitude,  revo- 
lutions, and  periods,  so  that  Riccioli  delivered  it  as  his 
opinion  that  there  was  littlu  reason  to  hope  for  any  better 
observations  of  those  spots.  Descartes  and  Hcvelius  also 
say,  that i  in  their  judgment,  nothingcao  be  expected  of 
that  kind  more  satisfactory.  These  observations  were  pub- 
lished in  one  volume  folio,  1630,  under  the  title  of  Rosa 
Ursina,  &c  ;  almost  every  page  of  which  is  adorned  with 
an  image  of  the  sun  with  the  spots.  He  wrote  also  scyeral 
smaller  pieces  relating  to  mathematics  and  philwophy, 
the  principal  of  which  are, 

2.  Oculus,  live  Fundameotum  Opticuro,  &c;  which 
was  reprinted  at  Londot^  in  l652,  in  4to. 

3.  Sol  £clipticus,  Disquisitiones  Mathemalicsr. 

4.  De  Conlroversiis  et  Novitatibus  Astronomicis. 

SCHEME,  a  draught  or  representation  of  any  geome- 
trical Of  astronomical  figure,  or  problem,  by  tines  scuslble 
to  the  eye ;  or  of  the  cclcilial  bodic-s  in  their  proper 
places  for  any  moment ;  otherwise  called  a  diagram. 

Scheme  Archa.    See  Akcii. 

SCHOLIUM,  a  note,  remark,  or  annotation,  occasion* 
ally  made  on  some  passage,  proposition,  &c. 

The  term  is  much  used  in  geometry,  and  other  parts  of 
the  tnalhematics ;  where,  after  demonstrating  a  proposi- 
tion, it  is  used  to  point  out  how  it  might  be  done  some 
other  way;  or  to  give  some  advice  or  precaution,  in  order 
to  prevent  mistakes;  or  to  add  some  particular  use  or 
application  of  it. 

Wollius  has  given  abundance  of  cunous  and  useful  arts 
and  methods,  end  a  good  pi^rt  of  the  modern  philosophy, 
with  the  description  of  mathematical  instruments,  &c;  all 
by  way  ofscholja  to  the  respective  propositions  in  his  £Ic- 
menla  Matheseos.  i 

SCHONER  (John],  a  noted  German  philosopher  and 
mathematician,  was  bom  at  Caroloitadtin  theyear  1477, 
and  died  in  1547.  at  70  yean  of  age.^His  early  propea- 
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sity  lo  thosQ  sciences  may  be  deemed  a  just  prognostica- 
tion of  the  great  progress  which  he  afterwards  made  in 
them.  From  bis  uncommon  acquirements,  he  was  chosen 
mathematical  professor  at  Nuremburg  when  be  was  but  a 
young  man,  tie  wrote  a  great  many  works,  and  was  par- 
ticularly celebrated  for  his  astronomical  tables,  which  h^ 
published  after  the  manner  of  those  of  Ri^iomonianus, - 
and  to  which  he  ^ave  tbc  title  of  Resolutx,  on  account  of 
their  clearness.  Rut  notwithstanding  his  great  knowl^gr, 
he  was,  after  the  custom  of  the  times,  much  addicted  to 
judiciiil  astrolug)',  which  he  took  great  pains  to  improve. 
Thu  list  of  his  writings  is  chicfiy  as  follows: 

1.  Three  Books  of  Judicial  Astrology. 

3.  'I'hc  Astronomical  Tables  named  ResoIutK. 

3.  De  Usu  Giobi  Stellifen;  De  Compositione  Giobi 
'C<elestis;  De  Usu  Globi  Terrestris,  ct  de  Compositionc 

cjusdem. 

4.  ffiquatorium  Astronomicura. 

5.  Libcllus  de  DJstantiis  Locorum  per  Instrumcntum 
et  Numeros  Investigandis. 

6.  De  Compositione  Torqueti. 

7.  In  Constructionem  et  Usum  Rectaoguli  sive  Radii 
Astronomici  Aiinotationts. 

8.  Horarii  Cylbdrl  Canones. 

9.  Planisphsrium,  seu  Meteoriscapium. 

10.  Organum  Uranicum. 

]  \'.  Instrumentura  I  in  pedi  mentor  urn  Lunx. 

All  printed  at  Nuremburg,  in  folio,  1551. 

Of  these,  the  large  treatise  of  dialling  rendered  him 
more  known  in  the  learned  world  than  all  his  other  works 
besides;  in  which  he  discovers  a  surprising  genius  aivi 
fund  of  learning  of  that  kind. 

SCHOOL.aplace  where  languages,  or  arts  and  sciences, 
&c,  are  taught. 

ScHooj.  is  also  used  for  a  whole  faculty,  university, 
or  sect ;  as  Plato's  school,  the  school  of  Epicurus,  the 
school  of  Paris,  &c.  The  school. of  Tiberias  was  cele- 
brated among  the  ancient  Jews;  andit  is  to  this  wo  owe 
the  Massora,  and  Massoretes. 

ScuoOL  Philotopiy,  Bcc.  the  same  with  nAotaUic. 

SCIIOOTEN  (Feakcis),  was  a  professor  of  mathe- 
matics at  Leyden,  being  a  very  acute  and  respectaUe 
proficient  in  that  science.  He  published,  in  l649„an 
edition  of  Descartes's  Geometry,  with  learned  and  tlabo- 
raie  annotations  on  that  work,  as  also  those  Qf  Bcuuinc 
Hudde,  and  Van  Heauralt.  Schootcn  "published  also 
two  very  useful  and  learned  works  of  his  own  composi- 

1.  'Principia  Matheseos  Univers.  &c,  4to,  l65t. 

2.  Exercitationes  MathematlcK,  4to,  l657. 
SCIAGRAPHY,  or  Sciogeapht,  the  profile  or  ver- 
tical section  of  a  building ;  used  to  show  the  inside  of  it. 

SciAOEAPHT,  in  Astronomy  &c,  is  a  term  used  by 
some  authors  for  the  art  of  finding  the  hour  of  the  day 
or,  night,  by  the  shadow  of  the  sun,  moon,  stars,  &c.  S«« 
Dial. 

SCIENCE,  a  clear  and  certain  knowledge  of  any  thing, 
founded  on  demonstration,  or  on  self-evident  principles. 
In  this  sense,  doubting  is  opposed  to  science;  and  opinion 
is  the  middle  between  the  two. 

Science  is  more  particularly  used  for  a  formed  system 
of  any  branch  of  knowledge,  comprehending  the  docirine, 
reason,  and  theory  of  the  thing,  without  any  immediate 
application  of  it  to  any  uses  or  oflices  of  life.  And  in  this 
sense,  the  word  is  used  in  opposition  to  art. 
S  A 
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Scinc«  may  b«  divided  into  three  classei :    Fint,  the     in  ibat  part  of  the  heavens  I 
knowledge  of  things,  their  conititutioni,  propertiet,  and     arrived  at  it,  fevers  and  tickni 


tfperatioiH,  whether  material  or  immaterial.  And  thi: , 
in  a  little  more  enlarged  sense  of  the  word,  may  be  called 
physica,  ot  natural  philosophy.  Secondly,  the  skill  of 
riglilly  applying  our  own  powers  and  actions  for  the  at- 
tainment of  good  and  useful  things,  as  Ethic;.  Thirdly, 
the  doctrine  of  ligns  ;  as  words,  logic,  &C. 

SCIENTIFIC,  or  Sciemtifccal,  something  relating 
to  the  pure  and  subliiner  sciences;  or  tliat  abounds  in 
aciencc,  or  knowledge.  A  work,  or  method,  &c,  is  said 
to  be  scientifical,  when  it  is  founded  on  the  pure  reason 
of  things,  or  conducted  wholly  on  the  principles  of  thent. 
In  which  sense  the  word  stands  opposed  to  narrative,  ar- 
bilrary,  opinionative,  positive,  tentative,  &c. 

SCIOPTIC,  or  Scionsic  Ball,  a  sphere  or  globe  of 
wood,  with  a  circular  hole  or  perforation,  where  a  lens  is 
placed.  It  is  so  fitted  that,  like  the  eye  of  an  aoiiiial,  it 
nay  be  turned  round  every  way,  to  be  used  in  making 
experiments  of  the  darkened  room,  or  camera  obscura.' 

SCIOPTRICS.     See  Cambka  Obscura. 

SCIOTHERICUM  Teteseopium,  is  an  horizontal  dial, 
adapted  witii  a  telescope  for  observing  the  true  lime  both 
by  day  and  night,  to  regulate  and  adjust  pendulum 
clocks,  watches,  and  other  lirnr-keepers.  It  was  invented 
by  Mr.  Molyneux,  who  pubiiahed  a  book  with  this  liile, 
which  contains  an  accurate  description  of  this  instrument, 
with  all  its  uses  and  applications. 

SCLKROTICA,  onc^ofthe  common  membranes  oflhc 
eye,  on  its  hinder  part.  It  is  a  lar^,  thick,  firm,  hard, 
opaque  membrane,  extended  from  the  external  circum- 
ference of  the  cornea  to  the  optic  nerve,  and  forms  moch 
of  the  greater  part  of  the  ektemal  globe  of  the  eye.  The 
sclerotica  and  the  cornea  compose  the  case  in  which  all 
die  internal  coats  of  the  eye  and  its  humouia  are  con- 

SCONCES,  small  forls,  built  for  the  defence  of  some 
pass,  river,  or  other  place.  Some  sconces  are  matte  re 
gular,  of  four,  five,  or  six  bastions;  others  are  of  smaller 
dimensions,  fit  for  passes,' or  rivers;  and  others  for  the 

fit-Id. 


'  SCORE,  in  Music,  denotes  partition,  or  the  original     great  force, 
draught  of  the  whole  composition,  in  vihich  the  several  " 

parts,  vis,  the  treble,  second  treble,  bass,  &c,  are  distinctly 
scored,  and  marked. 

-  SCORPIO,  the  Scorpion,  the  8rii  sign  of  the  aodiac, 
denoted  by  the  character  m,  being  a  rude  design  of  the 
animal  of  that  name. 

The  Greeks,  who  would  be  supposed  the  founders  of 
astronomy,  and  who  have,  with  that  intent,  applied  some 
story  or  other  of  their  own  to  every  one  of  the  constetla- 
-tions,  give  a  very  singular  account  of  the  origin  of  this 
sign.  They  tell  w  that  this  is  the  creature  which  killed 
Orion ;  and  according  to  them  the  famous  hunter  of  that 
name  boasted  to  Diana  and  Latona,  that  he  would  destroy 
every  animal  thnt  was  upon  the  earth  ;  the  earth,  they 
say,  enraged  at  this,  sent  forth  the  poisonous  reptile  the 
scorpion,  which  iiisignilicant  creature  stung  him,  that  he 
died.  Jupiter  then  raised  the  scorpion  to  the  heavens, 
giving  him  this  place  among  the  constellations  ;  and  that 
afterwards  Diana  requested  of  him  to"  do  the  same  honour 
to  Orion,  which  he  at  last  consented  to,  but  placed  him 
in  such  a  situation,  that  when  the  scorpion  rises,  he  sets. 
But  the  Egyptians,  or  whatever  early  nation  it  was  that 


denote  .that  when  the  sttit 
ises,  the  ineluilics  of  au- 
wonld  bogin  to  rage.  This  they  represented  by  aa 
animal  whose  sting  was  of  such  a  nature  as  to  occasion 
some  of  them ;  and  it  was  thus  they  formed  all  the  co«- 
stel  lotions. 

The  ancients  allotted  one  of  the  twelve  principa*!  atnong 
their  deities  to  be  the  guardian  for  each  of  the  13  sign* 
of  the  aodiac.  The  acorpion,  as  their  history  of  it  made 
it  a  fierce  and  fatal  animal  that  had  killed  the  groat 
Orion,  fell  naturally  to  the  protiction  of  the  god  of  war; 
Mars  is  ihenfore  its  tutelary  deity;  and  to  this  single 
circumstance  is  owing  all  that  jargon  of  the  odtrotogera, 
who  tell  ns  that  there  is  a  great  analogy  between  the 
planet  Mars  and  the  constellation  scorpio.  To  this  also 
is  owing  the  doctrine  of  the  alchymists,  that  iron,  which 
they  call  Mars,  is  also  under  the  dominion  of  the  same 
constellation,  and  that  the  transmutation  of  that  metal 
into  gold  can  only  be  performed  when  the  sun  is  in  thit 
sign. 

The  stars  in  scorpio,  in  Ptolemy's  catalogue,  are  34; 
in  that  of  Tycho  10,  in  that  of  Hevelius  20,  but  in  that 
of  Flamsteed  and  Sharp  44. 

Scorpion  it  also  the'  name  nf  an  ancient  military  en- 
gine,  used  chiefly  in  the  defence  of  the  wails,  &c.  Mar- 
cellinuB  describes  the  scorpion,  as  consisting  of  two  beamt 
bound  together  by  ropes ;  from  the  middle  of  which  ron 
a  third  beam,  so  disposed,  as  to  be  pulled  up  and  let 
down  at  pleasure;  and -on  the  top  of  this  were  fastened 
iron  hooks,  where  a  sling  was  hung,  either  of  iron  or 
hemp;  and  under  the  third  beam  lay  a  piece  of  hair- 
clotli  full  of  chaff,  tied  with  cords.  It  had  its  name  Scor- 
pio, becBunc  when  the  lung  beam  or  tiller  was  erected,  it 
had  a  sharp  top  like  a  sting. 

To  use  the  engine,  a  round  stono  was  put  into  the  sling, 
and  four  persons  on  each  side,  loosening  the  beams  bouiul 
by  the  ropes,  drew  back  the  erect  beam  to  the  hook  ;  then 
Ae  ejiginrer,  standing  on  an  eminence,  gave  a  stroke  with 
a  hammer  on  the  chord  to  which  the  beam  was  fattened 
with  its  hook,  which  set  it  at  liberty;  so  that  hitting 
against  the  soft  haii>Gloth,  it  struck  out  the  stone  with  a 


SCOTIA,  in  Architecture,  a  semicircular  cavity  or 
channel  brtweeii  the  tores,  in  the  bases  of  columns;  and 
sometimes  under  the  larmier  or  drip,  in  the  cornice  nf  the 
Doric  oriler.  The  workmen  often  call  it  (he  casement, 
and  it  is  also  otherwise  called  the  Trochilus. 

SCOTT  (GeorCs  Lewjs},  a  learned  and  respectable 
member  of  the  Royal  Society,  and  of  the  Board  of  Longi* 
tude.  He  was  the  eldest  son  of  Mr.  Scoit  of  Bristow,  in 
Scotland,  who  married  Misi  Stewart,  daughter  of  sir 
James  Stewart,  who  was  lord  advocate  of  Scotland  in  the 
time  of  K.  William  and  Q.  Anne.  That  lady  was  also 
his  cousin -germ  an,  their  mothers  beitig  sisten,  and  both 
daughters  of  Mr.  Robert  Trail,  one  of  the  ministers  of 
Edinburgh,  of  the  tame  family  as  the  rev.  Dr.  Wm, 
Trail,  the  learned  author  of  the  Account  of  the  Life  and 
Writings  of  Dr.  Rob.-Simson,  professor  of  mathematics  at 
Glasgow. 

Mr.  Scott  (thelather),  with  his  family,  lived  many  years 

abroad,  iti  a  public  character;   and  he  had  three  sons 

born  while  residing  at  the  court  of  Hanover.  The  eldest  of 

these  was  our  author  George  Lewis,  named  (in  both  thess 

0  after  his  godfather  the  Elector,  who  was  after- 


framed  the  2odiac,  probably  placed  tlus  poisonous  reptile     wards  George  the  1st  of  Britain.     Geo.  Lewis  Scott  was  « 
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gentleman  ofi^Kctable  talenU  and  general  learning  j  he  keigkt  of  the  plane,  or  distance  uT  the  two  threads,  is  ta 

was  nell  skilled  also  in  all  [he  mathematical  sciences ;  for  the  base  of  the  plane,  or  circumference  at  ibe  pkce 

which  he  manifested  at  timet  a  fins  and  critical  taste,  as  where  the  power  is  applied ;  theivfare  the  power  is  to  the 

may  be  particularly  seen  in  some  letters  which,  in  the  pr«8sure,  as  the  distance  of  tMo  threads,  is  to  that  cir- 

.year  I76i,  passed  in  a  literary  correspondence  between  cumfereDce. 

him    an<l  Dr.  Simson  of  Glasgow,  and  inserted  in  Dn        Or  the  same  may  be  otherwise  shown  thus.     Since  the 

Trail's  Account  of  the  Life  aiid  Writings  of  Dr.  Siinson,  momentum  which  any  power  generates,  is  equal  to  the 

pa.  113,  &c.     Mr.  G.  L..  Scolt  was  the  author  of  the  momentum  of  that  power ;  tbeiefore  the  tnutiienium  of 

Supplement  to  Chambeni's   Dictionary,  in  3  large  folio  the  screw,  is  equal  to  the  momentum  of  the  forCe  ap- 

volumes,  which  was  much  esteemed,  aad  for  which  he  re-  plied  to  move  it ;    which  last  is  measured  by  the  space 

ceived  liiUOI.  fiont  the  booksellen,  a  considerable  price  passed  over  by  the  power  in  a  given  time.     But  this  space 

at  the  time  of  that  publication.     Mr.  Scott  was  sub-pre-  is  the  circumference  nf  a  circle  of  which  the  lever  is  the 

ccptor,  for  the  Latin  language,  to  his  present  Majesty,  radius,  while  the  space  passed  over  by  the  screw,  in  the 

George  the  3d,  when  Prince  of  Wales.     After  that  he  was  same  time,  is  only  equal  to  the  breadth  of  the   threads, 

appointed  a  commissioner  of  excise  ;    a  situation  which  therefore  the  force  or  power  of  the  screw,  is  to  the  power 

his  friends  have  cmisidered  as  not  adequate  to  bis  past  de-  applied  to  move  it,  as  the  space  patsed  over  by  the  screw, 

terts,  aiid  inferior  to  what  he  probably  would  have  had,  to  the  space  passed  over  by  the  pow^r  ;    that  is,  as  the 

but  for  the  freedom  of  his  political  opinions.     Mr.  Scott  breadth  of  the  threads  to  the  circumference  where  the 

died  the  7th  of  December,  1780.  power  is  applied. 

SCREW,  one  of  the  six  roechaaical  powers ;  chiefly        S.  Hence,  when  the  screw  is  put  in  motion ;  then  the 

used  in  pressing  bodies  close,  though  lometimes  also  in  power  is  to  the  weight  which  would  keep  it  in  equilibrio, 

raising  weights.  as  the  velocity  of  the  latter  is  (o  that  of  the  former. 

The  screw  is  a  spiral  thread  or  groove  cut  round  a  cy  And  hence  their  two  momenta  are  equal,  which  are  pro- 

linder,  and  everywhere  making  the  same  angle  with  the  duced  by  multiplying  each  weight  or  power  by  its  own 

length  of  iL     So  that,  if  the  surface  of  the  cylinder,  with  velocity.'    Two  different  foriot  of  acrew-pre«se),  are  a« 

this  spiral  thread  upon  it,  were  unfolded  aod  stretched  below, 
into  a  plane,  the  spiral  thread  would  form  a  straight  in- 
clined plane,  whose  length  would  be  to  its  height,  as  the 
Circumference  of  the  cylinder  is  to  the  distance  between 
two  threads  of  the  screw  ;■■  as  is  evident  by  considering, 
that  in  making  one  rouitd,  the  spiral  rises  along  the  cy 
linder  the  distance  between  the  two  threads. 

Hence  the  threads  of  a  sctew  may  be  traced  upon  the 
.smooth  surface  of  a  cylinder  thus  ;  cut  a  sheet  of  paper 
into  the  form  of  a  right-angled  triangle,  having  its  base  to 
its  height  in  the  above  proportion,  vii,  as  the  circum- 
ference of  the  cylinder  of  the  screw  is  to  the  intended 
distance  between  two  threads;  then  wrap  this  paper  tri- 
angle about  the  cylinder,  and  the  hypotbenuse  of  it  trill 
trace  out  the  line  of  the  spiral  thread,  3.  Hence  we  can  easily  compute  the  force  of  any  ma- 

When  the  spiral  thread  is  Upon  the  outside  of  a  cylin-  chine  turned  by  a  screw.  Let  Ibe  annexed  figure  repre- 
der,  the  screw  is  said  to  be  a  male  or  convex  one.  But-  sent  a  press  driven  by  a  screw,  whose  threads  are  each 
if  the  thread  be  cut  along  the  inner  surface  of  a  hollow  a  qliartcr  of  an  inch  asunder;  and  let  the  screw  be  turn- 
cylinder,  or  a  round  perforation,  it  is  said  to  be  female  or  ed  by  a  handle  of  4  feet  long  from  c  to  d  ;  then  if  the 
concave.  And  this  latlei;  is  also  sometimes  called  the  natural  force  of  a  man,  by  which  he  can  lift,  or  pull, 
box  or  nut.    •  or  draw,  be  150  pound*  ;  and  it  be  required  to  determine 

When  motion  is  to  be  given  to  something,  the  male  and  with  what  force  the  screw  will  prcn  on  the  board,  when, 

female  screw  arc  necessarily  conjoined ;  that  is,  whenever  the  man  turns  the  handle  at  c  end  d  with  his  whole  force: 

the  sarew  is  to  be  used  a»  a  simple  engine,  or  pechanical  the  diameter  cd  of  the  power  being  4  feet,  or  48  inches, 

power.    But  when  joined  with  an  axu  in  peri trochio,  there  its  circumference  is  49  «  9'14lS  or  150f  ttearly ;  and  the 

is  no  occasion  for  a  female  screw  ;  but  in  that  case  it  be-  distance  of  ihe  threads  being  i  of  an  inch ;  therefore  the 

comes  part  of  a  compound  engine.  power  is  to  the  preAure,  at  |  to  I50f ,  or  as  1  to  603}  : 

The  screw  casioot  properly  be  called  a  sinple  machine,  but     the     power    ia    equal    to     )50lb;     therefore    as 

because  it  is  never  used  without  the  application  of  ^  lever,  1 :  603^  : :  150  :  904W  ;  and  consequently  the  pressure 

or  winch,  to  assist  in  turning  iL  at  the    bottom    of  the  screw,  is  equal  to  a  weight  of 

0/ihe  Force  and  Poittr  qf  tile  Screw.  904 !)0  pounds,  independent  of  friction. 

1.  The  force  of  a  power  applied  to  tyrn  a  screw  round.         But  the  power  has  lo  oveccomo,  not  only  the  a>eight,  or 

is  to  the  force  with  which  it  presses  upwards  or  down-  otfacr  resistance,  but  also  the  friction  of  the  scrctfr,  which 

wards,  setting  aside  the  friction,  as  the  distance  between  in  this  machine  is  very  great,  in  some  cases  equal  to  the 

t«o  threads,  ts  tu  the  circumference  where  the  power  is  weight  itself,  since  it  is  sometimes  sufficient  to  sustain  the 

applied. — For,  the  screw  being  only  on  inclined  plaae,  or  weight  when  the  power  is  taken  off. 
half  wedge,  whose  height  is  the  diatance  between  two         Mr.  Hunter  baa  described  anew  mslbod  of  applying  lh« 

threada,  and  its  base  the  said  ciroumference ;    and  the  screw  with  advantage  in  particular  cases,  in  the  Pliilns. 

force  in  the  horiaontal  direction  being  to  that  in  the  ver-  Trant.  vol.  71,  pa-  J^  &c    A  brief  account  of  whicii  nMf 

ticaloneas  the  tines  peryeadiculftr  to  them,  vis,  as  the  also  be  seen  in  Gregorj'a  Mechanics,  vol.  i,  pa.9P- 
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The  Endleti  Sc&iw,  ot  PerpelualScf.tv,  iionewbich  ,  Also  18:2,  or  9:  1,  beingihe  pro- 
works  in,  and  lurDi,  a  denti-d  wheel  df,  without  a  concave  portion  of  wbreli  Co  the  pinions,  and 
screw  ;  being  so  called  because  it  may  tw  turned  for  ever,  as  there  are  tbreo  of  tbem,  then-fure 
without  coming  to  an  end.  From  the  following  figures  it  9*  :  1*  or  729  :  1  is  the  power  gained 
is  evident,  that  while  the  screw  turns  once  round,  the  by  the  wheels, 
wheel  only  advances  the  distance  of  one  tooth.                           " 


1.  If  the  power  applied  to  the  lever,  or  handle,  of  an 
endleu  »crew  a  b,  he  to  the  weight,  in  a  ratio  compounded 
of  the  periphery  pf  the  a\is  of  the  wheel  Eii,  lo  the  pe~ 
lipbery  described  by  the  power  in  turning  the  handl«, 
and  of  the  revolutions  of  the  wheel  or  to  the  revolutions 
of  the  screw  cb,  the  power  will  balance  the  weight. 
Hence,  ■■ 

2.  As  the  motion  of  the  wheel  is  very  slow,  a  small 
power  may  raise  a  very  great  weight,  by  means  of  an  end- 
less screw.  And  therefore  the  chief  use  of  such  a  screw 
is,  either  where  a  great  weight  is  to  be  raised  through  a 
small  space;  or  where  only  a  slow  gentle  motion  is 
wanted.  For'  which  reason  it  is  very  useful  in  clocSs 
and  watches. 

3.  Having-giTCD  the  number  of  teeth,  the 'distance  of 
the  power  from  the  centre  of  the  screw  b,  the  radius  of 
the  axis  he,  and  the  power ;  to  find  the  weight  it  will  raise. 
Multiply  the  distance  of  the  power  from  the  centre  of  the 
screw  AB,  by  the  number  of  the  teeth,  and  the  product 
will  be  the  space  passed  through  by  the  power,  while  the 
weight  passes  through  a  space  equal  to  the  periphery  of 
the  axis :  then  say,  as  the  radius  of  the  axis  is  to  the  space 
of  the  power  just  found,  so  is  the,  power  to  a  4th  propor- 
tional, which  will  be  the  weight  the  power  is  able  to  sus- 
tain. Thus,  ifAB  =  3,  the  radius  of  the  axis  he  =  1, 
the  power  150  pounds,  and  the  number  of  tecih  of  the 
wheel  DF  48;  then  the  weight  will  be  found  =  H600 
=  3  X  150  X  4S.  Whence  it  appears  that  the  endless 
screw  exceeds  all  others  in  increasing  the  force  of  a 
power. 

Again,  if  the  endless  screw  ab  be  titrned  by  the  handle 
AC  of  20  inches,  the  threads  of  the  screw  being  each  \  an 
inch  distant;  and  the  screw  turns  a  toothed  wheel  k,  whose 
pinion  L  turns  another  wheel  f,  and  pinion  si  of  this 
another  wheel  o,  to  the  pinion  or  barrel  of  which  is  hung 
a  weight  w ;  it  is  required  lo  determine  what  weight  a  man 
will  be  able  to  raise,  with  this  machine,  working  at  the 
bandle  c  ;  supposing  the  diameters  of  the  wheel  to  be  18 
inches,  and  those  of  the  pinion  anfl  barrel  2  inches ;  the 
teeth  and  pinions  being  all  of  a  size;  and  the  mlan  snp- 
poseii,  as  ill  the  former  case,  to  be  able  to  lift  l^lbs,  by 
his  natural  strength. 

Here  20  x  3-1416  x  2  =  125-6(14,  is  the  circumfe- 
rence of  the  power. 

And  125  66*  :  t.  *>r  251-328  ;  1,  is  the  force  of  the 
screw  alone. 


Consequently  (251-328  x  739):  1 
or  183218  :  1  nearly,  is  the  ratio  of 
the  power  to  the  weight,  arising  from 
the  advantage  both  of  the  screw  and 
th«  wheels.  Hence  130  x  183218 
=  27483700  lbs,    is   the  weight  which   the 


Plate  38, 
fig.  5. 


I  may 


This  must,  however,  only  be  considered  as  theoretioal ; 
for  in  practice  the  friclion,  which  is  very  great,  must  of 
course  enter  into  consideration. 

.  4.  A  machine  for  showing  the  power  of  the  screw  may 
be  contrived  in  the  following  manner.  Let  the  wheel  c 
(last  fig.  former  column),  have  a  screw  ab  on  its  axis, 
working  in  the  teeth  of  the  wheel  d,  which  suppose  to  be 
48  in  number.  It  is  plain  that  for  every  revolution  of  the 
wheel  c,  and  screw  ab,  by  the  winch  a,  the  wheel  D  will 
be  moved  one  tooth  by  the  screw ;  and  therefore  in  48  re- 
volutions of  the  winch,  the  wheel  d  will  be  turned  once 
round.  Then  if  the  circumference  of  acircle,  described 
by  the  handle  of  the  winch,  be  equal  to  the  circumfer-- 
ence  of  a  groove  t  round  the  wheel  d,  the  velocity  of  the 
bandle  will  be  48  times  as  great  as  the  velocity  of  any  - 
given  pomt  in  the  groove.  Consequently  when  a  line  6 
goes  round  the  groove  e,  and  has  a  weight  of  48lb  hung 
to  it  below  the  pedestal  bf,  a  power  equal  to  one  pound 
at  the  handle  will  balance  and  support  the  weight. 

Archimeda'i  Screw,  is  a  spiral  pnrop,  being  a  machine 
for  raising  water,  first  invented  by  htm.  Its  structure  and 
use  will  be  understood  by  the  following  description  of  it, 
ABCD  (PI.  2^,  fig.  6)  is  a  wheel,  which  is  turned  round, 
according  lo  the  order  of  those  letters,  by  the  fall  of  water 
BF,  which  need  not  he  more  than  3  feet.  The  a:(is  o  of 
the  wheel  is  raised  so  as  to  make  an  angle  of  about  44" 
with  the  horizon ;  and  on  the  top  of  that  axle  is  a  wheel 
H,  which  turns  such  another  wheel  I  of  the  same  number 
of  teeth  ;  the  axle  k  of  this  last  wheel  being  parallel  to 
the  axle  u  of  the  two  former  wheels.  The  axle  o  is  cut' 
into  a  double  threaded  screw,  as  in  the  annexed  figure 
(fig.  7),  exHCtly  resembling  the  screw  on  the  a*is  of  ihe 
fly  of  a  cnmmon  Jack,  which  must  be  what  is  called  a 
right-handed  screw,  if  the  first  wheel  turns  in  the  direction 
A,BCD  ;  but  a  left-handed  screw,  if  the  stream  turns  the 
wheel  the  contrary  way  ;  and  the  screw  on  the  axle  a 
must  be  cut  in  a  contrary  way  to  that  on  the  axle  K,  be- 
cause these  axles  turn  in  contrary  directions.  These 
screws  must  be  covered  close  over  with  boards,  like  those 
of  a  cylindricBl  cask  ;  end  then  they  will  be  spiral  tubes. 
Or  they  may  be  made  of  tubes  or  pipes  of  lead,  and  wrapt 
round  the  axles  in  shallow  grooves  cut  in  it,  as  in  figure  8. 
The  lower  end  of  the  axle  a  lurnsconstantly  in  the  stream 
that  turns  the  wheel,  and  the  lower  ends  of  the  spiral  tubes 
are  open  into  the  water.  So  that,  as  the  wheel  and  axle 
are  turned  round,  the  water  rises  in  the  spiral  tubes,  and 
runs  out  at  i.  through  the  holes  m,  m,  as  they  come  about 
below  ibe  axle.  These  holes,  of  which  there  may  be  any 
number,  as  4  or  6,  are  in  a  broad  close  ring  on  the  top 
of  the  axle,  into  wbichring  the  water  is  delivered  from 
the  tipper  open  ends  of  the  screw  tubes,  and  falls  into  the 
open  box  N.  The  lower  end  of  the  axle  k  turns  on  a 
gudgeon  in  the  water  in  tt ;  and  the  spiral  lubes  in  that 
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ucletalceup  the  nater  from  w,  and  (deliver  it  into  another        3.  Bmm  or  Boilom  cf  the  Sea,  or  Fondas  Maris, 
luch  box  under  thetop  of  k  ;  on  which  there  may  be     term  used  to  expr«s  the  bed  ot  bottom  of  the  sea  in  ge- 


a  stream  sufficient 
B  broad  float  boards  of  tho 
rew,'  or  a  slill  simpler  form 


luch  another  wheel 
wheel  upon  it.  And  in  tl 
to  any  proposed  Height,  w 
for  that  purpose  to  act  oi 
first  wheel.  Archimedes' 
of  it,  is  alio' represented  i 

SCROLLS,  or  Scrowls,  or  yohues,  a  term 
tecture.     See  Volutes. 

SCRUPLE,  ihe  leut  of  the  weights  ased  by. the  an- 
cients. Among  the  Romans  it  was  the  S4tb  part  of  an 
ounce,  or  the  third  part  of  a  drachm. 

Scruple  is  siitl  a  small  wefght  among  us,  equal  lo  20 
grains,  or  the  3d  part  of  a  drachm.  Among  goldsmiths 
the  scruple  is  2i  grains. 

ScKUFLB,  in  Chronology,  a  small  portion  of  time  much 
used  by  the  Chaldeans,  Jews,  Arabs,  and  other  eastern 
people,  in  computations  of  time.  It  is  the  1080th  part  of 
•n  hour,  end  by  the  Hebrews  called  Hclaiiin. 

Scai;pLES,  in  Astronomy.     As 

ScRDPLBs  Edipted,  denote  that  part  of  the  moon's 
diameter  trhich  enters  the  shadow,  expressed  in  the  same 
measure  in  which  the  apparent  diameter  of  the  moon  is 
expressed.     See  Dibit. 

SCSIIPI.BS  qf  Half  Duration,  an  arch  of  the  moon's 
orbit,  described  by  her  from  the  beginning  of  an  eclipse     earth 
to  its  middle.  '' 

Scruples  qf  Immertiem,  or  Incidence,  an  arch  of  the 
moon's  orbit,  which  her  centre  describes  from  the  begin- 
ning of  the  eclipse,  to  the  time  when  iKe  centre  falb  into 
the  shadow.     See  Imxersion. 

ScHDPLKS  qfEmenion,  an  arch  of  the  moon's  orbit, 


pr«s  the  bed  d 

a  third  axle  by  such  a     neral.     Mr.  Boyle  has  published  a  treatise  on  this  subject, 

may  water  be  raised     in  which  he  has  given  an  account  of  its  irregularities  and 

"  '  various  depths,  founded  un  the  observations  communicated 

Count  Marsigli  has,  since  Boyle's  time,  given  a  more 
accurate  account  of  this  partofihe  globe.  The  materials 
Archi.;  which  compose  the  bottom  of  the  sea,  may  reasoniibly  b« 
supposed,  in  soihe  degree,  to  influence  the  taste  of  its 
waters ;  and  this  author  has  made  many  experiments  to 
prove  that  fossil  coal,  and  other  bituminous  substances, 
which  are  found  in  plenty  at  the  bottom  of  the  sea,  may 
communicate  in  u  great  measure  its  bitterness  to  it. 

It  is  a  general  rule  among  sailors,  and  is  found  to  hold 
true  in  many  instances,  that  the  more  the  shores  of  any 
place  are  steep  and  high,  forming  perpendicular  cliffs,  th« 
deeper  the  sea  is  below  ;  and  that  on  the  contrary,  level 
shores  denote  shallow  sens.  Thus  (he  deepest  part  of  the 
Mediterranean  is  generally  allowed  to  be  under  the  height 
of  Malta.  And  the  observation  of  the  strata  of  earth  and  - 
other  fossils,  on  and  near  the  shores,  may  serve  to  form 
a  good  judgment  as  to  the  materials  to  be  found  in  its 
bottom.  For  the  veins  of  salt  and  of  bitumen  doubllesa 
run  on  the  same,  and  in  the  same  order,  as  we  see  them 
at  land  i  and  the  strata  of  rocks  ihat  serve  to  support  the 
hills  and  elevated  places  on  shore,  serve  also,  in 
i  continued  chain,  to  support  the  immepse  quan- 
tity of  water  in  the  bason  of  the  sea. 

The  coral  fiB*herieB  have  given  occasion  to  observe  that 

there  are  many,  and  those  very  large  caverns  or  hollows 

ia  the  bottom  of  the  sea,  especially  where  it  is  rocky  ;  anct 

sometimes  found  in  the  pcrpendicu- 


which  her  centre  describes  in  the  time  from  Ihe  first  emer-     lar  rocks  which  form  the  steep  sides  of  those  fisheries. 


aion  of  the  moon's  limb,  to  the  end  of  the  eclipse. 

SEA,  in  Geography,  is  frequently  used  for  that  vast 
tract  of  water  encompassing  the  whole  earth,  more  pro- 
perly called  ocean.     But 

Sb-a  is  more  properly  used  for  a  particular  part  or  di- 
vision of  ifae  ocean,  denominated  from  the  countries  it 
washes,  or  from  other  circumstatices.     Thus  we  say, 


These  caverns  are  ohea  of  great  depth,  as  well  as  extent, 
and  have  sometimes  wi,dc  months,  and  sometimes  only 
narrow  entrances  into  large  and  spacious  hollows. 

The  bottom  of  the  sea  is  covered  with  a  variety  of  mat- 
ters, such  as  could  not  be  imagined  by  any  but  tboiewbo 
have  examined  into  it,  especially  in  deep  water,  where 
the  surface  only  is  disturbed  by  itdcs  and  storms,  Uie  lower 


Irish  sea,  the  Mediterranean  sea,  the  Baltic /ea,  the  Red     part,  and  consequently  its  bed  at  the  bottom,  remaining 


ea,  &c. 

Sba  among  sailors  is  variously  applied,  to  a  single  wave, 
or  to  the  agitation  produced  by  a  multitude  of  waves  in  a 
tempest,  or  to  their  particular  progress  and  direction. 
Thus  they  say.  a  heavy  sea  broke  over  our  quarter,  or  we 
shipped  a  heavy  sea;  there  is  a  great  sea  in  the  offing;  the 
lea  sets  to  the  southward.  Hence  a  ship  is  said  to  head 
the  sea,  when  her  course  is  opposed  to  the  setting  or  di- 
rection of  the  surges.  A  Long  Sea  implies  a  steady  and 
uniform  motion  uf  long  andextenslvewaves.  'Ontbecon- 
trary,  a  Short  Sea  is  when  they  Ain  irregularly,  broken, 
and  interrupted,  so  as  frequently  to  burst  over  a  vessel's 
side  or  quarter. 

Properties  and  Affeetiaiu  <tflhe  Sea. 

1.  Oateral  Motion  ttftiie  Sea,  M.  Dossie  of  Paris,  in  a 
work  long  since  published,  has  been  at  great  pains  to  prove 
that  the  sea  has  a  general  motion,  independent  of  winds 
and  tides,  and  of  more  consequence  in  navigation  than  is 
usually  supposed.  He  affirms  that  this  motion  is  from 
east  to  west,  inclining  toward  the  north  when  tbe  suu  is 
on  the  north  side  of  the  equinoctial,  but  toward  the  south 
when  he  is  on  the  south  side  of  it.  Phihis,  Trans. 
No.  135. 


for  ages  perhaps  undisturbed.  The  soundings,  when  tho- 
plummet  first  touches  the  ground  on  approaching  tha 
shores,  give  some  idea  of  this.  'I'he  bottom  of  the  plum- 
met is  hollowed,  and  in  that  tiollow  there  is  placed  a  lump 
of  tallow ;  which  being  the  part  that  fir>t  touches  the 
ground,  the  soft  nature  of  the  fat  receives  into  it  some' 
part  of  those  substances  which  it  meets  with  at  the  bottom  r 
this  matter,  thus  brought  up,  is  sometimes  pure  sand, 
sometimes  a  kind  of  sand  made  of  the  fragments  of  shells, 
beaten  to  a  kind  of  powder,  sometimes  it  is  made  of  a  like- 
powder  of  th£  several  sorts  of  corals,  and  sometimes  it  is- 
composed  of  fragments  of  rocks  ;  but  besides  these  appear-  , 
tuices,  which  are  natural  enough,  and  are  what  might  well 
he  expected,  it  brings  up  substances  which  are  of  the- 
most  beaulifurcolours.     M^rsigli  Hist.  Phys.  de  la  Mer. 

Dr.  Uunati,  in  an  Italian  work,  containing  an  essay- 
lowards  a  natural  history  of  the  Adriatic  sea,  printed  at 
Venice  in  1750,  has  related  many  curious  observations  on 
this  subject,  and  which  conSrm  the  observations  of  Mor- 
sigli.  HaVlug  carefully  extcmined  the  soil  and  produc- 
tions of  tbe  various  countries  that  surround  the  Adriatic 
sea,  and  compared  them  with  those  which  he  took  up 
from  the  bottom  oC  tbe  sea;  he  found  (hat  there  b  ntj 
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little  difieroDCc  between  the  fornier  Knd  the  latter.    At  through  the  water  in  all  directions,  wfaieli  Kpfoii  npa 

thu  bottom  of  the  water  there  are  mountains,  plains,  val-  rately  as  lo  many  luminous  sparks  whra  taken  up  on  the 

ley»,  and  cavcrtu,  similar  to  those  upon  land.     The  toil  hand :  he  imagiiics  that  tbrsc  small  gelatinous  luminous 

consists  of  dtftbrent  siraia  placed  one  upon  another,  and  specks  may  be  the  young  fry  of  t%rtain  species  of  some 

mostly  partiUel  and  co ires pon dent  to  those  of  ihe.rucks,  medusz,  or  blubber.     And  M.  Dagelat  and  M.  Rigaud 

islands,    and    neighbouring  coutinentg.      They   contain  observed  several  times,  and  indifferent  parts  of  the  ocean, 

■tones  of  different  kinds,  minerals,  metals,  various  poire-  such  Juminuus  appearances  by  vast- masses  of  diffetvnt 

fied  bodies,  pumice  stones,  and  lavas  formed  by  volcanos,  animalcules;  end  a  few  days  after  the  sea  was  covered, 

One  of  the  objects  which  must  excited  bis  attention,  neat  the  coasts,  with  whole  bajus  of  graall  flsh  in  innu- 

was  a  crust,  which  be  discovered  under  the  water,  com-  merablc  multitudes,  which  they  supposed  had  proceeded 

posed  of  rrustaceout  and  testaceous  bodies^and  beds  of  from  the  shining  animalcules. 

polypes  of  different  kinds,  confusedly  blended  with  eartb.  But  M.  te  Koi,  after  giving  much  attention  to  this  pfae- 
sand,  .and  gravel;  the  different-marine  bodies  which  form-  nomenon,  concludes  that  it  is  no^occasioned  by  any  shin* 
this  crust,  are  found  at  the  depth  of  a  foot  or  more,  en-  tng  insects,  especially  as,  after  carefully  esamiaing  with 
tirely  petrified  and  reduced  into  marble;  iheso  he  gup-  a  microscope  some  of  the  luminous  points,  he  found  them 
poses  are  naturally  placed  under  ibe  sea  when  it  covers  to  have  no  appearance  of  an  enimel ;  and  he  also  found 
them,  and  not  by  means  of  volcanos  ind  earthquakes,  as  that  the  mixture  of  a  little  spirit  of  wine  with  water  just 
some  have  conjectured.  On  this  account  he  imagines  that  drawn  from  the  sea,  would  gjve  the  appearance  of  a  great 
thebottomofthescaisconstantlyrisinghigheTand  higher,  number  of  little  sparks,  which  would  con ijnuc  visible 
~  with  which  other  obvious  causes  of  increase  concur  j  and  longer  than  those  in  tbe'ocefin  :  the  same  elTect  was  pr<^ 
from  this  rising  of  the  bottom  of  the  sea,  that  of  its  level  duccd  by  all  the  acids,  and  various  other  liquors.  M.  Is 
or  surface  naturally  results  ;  in  proof  of  which  this  writer  Roi  is  far  from  asserting  that  there  are  no  luminous  in- 
cites a  great  number  of  facts.  Philos.  Trans,  vol.  49,  t£cts  in  the  sea ;  for  he  allows  that  several  gentlemen  have 
ps.  585.  found  them;  but  he  is  satisfied  that  the  sea  is  Inminous 

3.  Jjiminoutaat  qf  the  Sea.,    Tiiis  is  a  phenomenon  that  chiefly  on  some  other  account,  though  he  does  not  so 

has  been  noticed  by  ninny  nautical  and  philosophical  wri-  much  as  offer  a  conjecture  with  respect  to  the  true  cause, 
ters,     Mr.  Boyle  ascribes  it  to  some  cosmical  law  or         Other  authors,  equally  dissatisfied  with  the  hypothesis 

custom  of  the  terrestrial  globe,  or  at  least  of  the  plane-  of  luminous  insects,  forexplaining  the  phenomenon  which 

tary  vortex.  is  the  subject  of  this  article,  haveascribcd  it  to  some 

Father  Buurzcs,  in  his  vuyago  lo  thalndies,  in  1704,  .substance  of  the  phosphoric  kind,  arising  from  pulrefuc- 

took  particular  notice  of  this  phenomenon,  and  very  mi-  tion.     Th«  observations  of  F.  Bourses,  above  referred  to, 

nutcly  describes  it,  without  assigning  the  true  cause.  render  it  very  prol»ble,  that  the  luminousnesa  ot  the  sea 

The  Abbe  Noilet  was  long  of  opinion,  that  the  light  of  arises  from  slimy  aiid  other  putrescent  matter,  with  which 

the  sea  proceeded  from  electricity ;  and  others  have  hud  it  abounds,  though  be  does  not  mention  the  tendency  to 

recourse  to  the  same  principle,  and  shown  that  the  lumi-  putrefaction,  as  a  circumstance  of  any  consequence  to 

nous  points  in  the  surface  of  the  sea  are  produced  merely  the  appearance.     But  the  experiments  of  Mr.  Canton, 

by  friction.  which  have  the  advantage  of  being  easily  made,  seem  tn 

There  are  however  two  other  hypotheses,  which  have  leave  no  room  to  doubt  that  the  luminousnesa  of  the  sea 

been  advanced  to  account  for  ibis  phenomenon  ;  the  one  is  chiefly  owing  to  putrefaction.     And  his  experiments 

of  these  ascribes  it  to  the  shining  of  luminous  insects  or  confirm  nn  observation  of  Sir  Jokn  Pringle's,  that  the 

Kniitwlcules,  and  the  other  to  the  light  proceeding  from  quantity  of  salt  contained  in  s«a  water  hastens  puti«bc- 

the  putrefactipii  of  animal  substances.     The  Abbe  Noilet,  tion  ;  but  siiure  that  precise  quantity  of  salt  which  pro- 

who  at  first  considered  this  luminousness  as  an  electrical  motes  putrefaction  the  most,  is  less  than  that  which  is 

phenomenon,  having  had  an  opportuniiy  of  abserviag  the  found  in  sea  water,  it  is  probable,  Mr.  Canton  observes, 

circumstances  of  it,  when  he  was  at  Venice  in  1749,  relin-  thst  if  the  sea  were  less  salt,  it  would  be  more  lumirtous. 

quished  his  former  opinion,  and  concluded  that  it  was  See  Philoe.  Trans,  vol.  5$,  pa.446,  aitd  Franklin's  Esper. 

occasioned  either  by  the  luminous  aspect,  or  by  some  ti-  and  Observ.  pa.  274.  - 

quor  or  effluvia  of  an  insect  which  he  particularly  de-  4.  Of  the  Depth  f<ftke  Sea,  Hi  Suifaet,  Ire 

sci'ibes,  though   he  does   not  altogether  exclude  other        What  proportion  the  superficies  of  (he  sea  bears  to  that 

causes,  and  especially  the  spawn  or  Uy  of  fish.  of  the  land,  is  not  accurately  known,  though  it  is  said  to 

The  some  hypothesis  bad  also  occurred  to  M.  Vianelli;  be  somewhat  more  than  two  to  one.    This  ratio  of  tl^e 

and  both  he  and  Grizellini,  a  physician  in  Venice,  have  surface  of  the  sea  to  the  land,  kas  been  found  by  expert- 

g^vcn  drawings  of  the  insects  from  which  (hey  imagined  nient  thus :  taking  the  printed  paper  map  or  covering  of 

(his  light  to  proceed.  a  terrestrial  giobe,  with  a  pair  of  sciMors  cUp  out  the 

A  similar  conjecture  is  proposed  by  a  correspondent  of  parts  that  are  land,  and  those   that   are   water ;    then 

Pr.  Franklin,  in  a  letter  read  at  the  Royal  Society  in  weighing  thcseparts  separately  in  a  pair  of  fine  scales,  the 

1756 ;  the  writer  of  which  apprehends,  that  this  appear-  land  is  found  to  be  near  j,  and  the  water  rather  mon 

ancc  may  be  caused  by  a  great  number  of  little  animals,  than  J  of  the  whole. 

flouting  on  the  surface  of  the  sea.     And  Mr.  Forster,  in        With  regard  to  the  profandity  or  d^h  of  the  sea,  Va- 

hit  account  of  a  voyage  round  the  world  with  captain  renins  affirms,  that  it  is  in  some  places  nnfathomaUe,  and 

Cook,  in  the  years  1772,  3,  4,  and  5,  describes  this  phe-  in  otherti  very  various,  being  in  certain  places  from  ^it 

nomenon  as  a  kind  of  blaze  ni  tie  sea ;  and,  having  at-  of  a  mile  to  4^  miles  in  depth,  in  other  places  deeper, 

teittively  examined  some  of  the  fining  water,  expresses  but  much  less  in  bays  than  in  oceam.     In  general,  tb« 

his  conviction  that  the  appearance  was  occasioned  by  in-  depths  of  the  sea  bear  a  great  analogy  to  the  height  of 

numerable  niDuls  aniin^ls  of  a  round  shape,  louviDg  mountains  on  the  land,  so  &r  as  is  hiSerto  discowred. 
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There  i>  very  good  reason  xthy  tbe  sea  does  not  increase     are  id  the  reverae  order,  increasing  contSnnally  from  r  to 
by  mean*  of  riTcre,  &c,  running erery  whtfre  into  il;  via,     e,  the  greater  iecant  having  tbe  leEicxicrnal  part,  and  iit 
.L_ ;.,.j  / .1. ._j  .-..iii...:-     jypj,  proportion,  tbal  any  secant  and  iu  external  pert  are 


because  the  VB{>ours  raised  from  tbe  sea,  and  falling  ii 
upon  the  tand,  only  cause'  a  circulation  of  the 


founded 

■lay  be  raised 


□f  it.  It  has  been  found  by  calculations, 
experiments,  that  in  a  suramer's  day,  there 
vapours  from  the  surface  of  the  Medi- 
terranean sea,  528  millions  of  tuns  of  water;  and  yet  this 
sea  docs  not,  from  all  iu  nine  great  rivers,  receive  more 
diait  tSS  millions  of  (Qns  per  day,  which  is  but  about  a 
third  part  ofwhat  is  exhausted  in  vapours  ;  and  this  defect 
in  the  supply  by  the  rivers,  may  serve  to  account  for  the 
continual  inflax  of  a  current  by  the  rnoutb  .or  straits  at 
Gibraltar.  Indeed  it  is  ratber  probable,  that  the  uaters 
of  the  sea  suffer  a  continual  stow  decrease  as  to  their 
qaanthy,  by  sinking  always  deeper  Into  the  earth,  by  fit- 


reciprocals,  or  the  whole  is  reciprocally  as  its  external 
part,  and  consequently  that  tbe  rectangle  of  every  secant 
and  its  external  part  is  equal  to  a  constant  quantity,  via, 
the  square  of  a  tangent.    Thus, 
PA  :  -jp  :  :  PB  i  —  :  :  PD  :  — "&c 

or  PA    X     ri    =    PB     K     PO    Bl    FU    X     PH    =9    PK*. 

3.  The  tangent  pe  is  a  mean  proportional  between  any 
secant  and  its  external  part;  as  between  pa  and  PFf  or 
PB  and  po,  dr  pd  and  pa,  tic. 

4,  The  angle  opb,  formed  by  two  secants,  is  mtasuMd 
by  half  the  difference  of  iu  intercepted  arcs  sb  and  en. 

.     _,  '     Skcast,  in  Trigonomrtry,  denotes  a  right  line  drawn 

tering  through  the  fissures  in  tha  strata  and  component  from  thecentreofacircle,  and,  cuttingtbe  circumference, 

pttrti;  as  also  by  the  slow  inctease  and  raising  of  the  proceeds  tiU  it  meets  with  « tangent  to  tlie  Mine  circle, 

wrlb's  surfaces  Thus,  the  line  cd,  drawn  from  tbe 

'  SEASONS,  certain  portions  or  quarters  of  tbe  year,  centre  c,  till  it  raeeU  the  tangent 

distinguished  by  the  signs  which  the  sun  then  enters  at  bi>)  is  called  a  secant;  and  parti- 

those  periods.  cularly  the  secant  of  the  arc  be,  tn 

Tbe  year  is  divided  into  four  seasons,  spring,  summer,  which   bd  is  a  tangent.     In   like 

autoaift,  winter,  which  take  their  beginnings  when  the  manner,  by  prodncing  i>c  to  meet 

■an  enten  the  first  point  of  the  tigns  Aries,  Cancer,  Libra,  the  tangent  Ad  in  d,  then  cd,  equal 

Capricorn.  to  cd,  is  tbe  secant  of  the  arch  as, 

The   seasons  are  well  illustratad    by  fig,  1,  plate  x;  whichis  the  supplement  of  the  arch 

where  the  candle  at  1  rvpfesents  the  sun  in  the  centre,  BZ.     So  that  an  arch  and  its  sup- 

about  which  the  earth  moves  in  the  ecliptic  abgd,  which  plement  have  their  secants  equal, 

cuts  the  equinoctial  abed  in  the  two  equinoxes  s  and  o,  only  the  fatter  one  is  negative  to  the  former,  being  drawn 

When  the  earth  is  in  these  two  pojnts,  it  is  evident  that  the  contrary  way.     And  thus  tbe  secants  in  the  3d  and 

the  sun  equally  illuminates  both  the  poles,  and  makes  the  3d  quadrant  are  negative,  while  those  in  the  1st  tthd  4th 

days  and  nights  equal  in  all  parts  of  the  earth.     But  while  quAdrants  are  positive. 

the  earth  moves  fron>  o  by  c  to  Iff ,  the  upper  or  north         The  secant  ct  of  the  arc  zp,  which  is  the  complement 

pole  becomes  more  and  more  enlightened,  the  days  be-  of  the  fijrmer  arc  be,  is  called  the  Cosecant  of  be',  or  the 

come  longer,  and  the  nights  shorter ;  so  that  when  the  secant  of  its  complement.     The  cosecants  in  the  Ist  and 

earth  is  at  ly,  or  the  sun  at  ac,  our  days  are  nt  the  ^d  quadrants  are  affirmative,  but  in  the  3d  and  4th  nega- 

longest,  as  at  midsummer.     While  the  earth  moves  from  tive. 

)y  by  n  to  B,  onr  dajs  continually  decrease,  by  the         The  secant  of  an  arc  is  reciprocally  as  the  cosine,  and 

north  pole  gradually  declining  from  the  sun,  till  at  t  or  *^^  Cosecant  reciprocally  as  the  sine;  or  the  rectangle  of 

aUUMD  they  become  equal  to  the  nights,  or  K  hours  *be  secant  and  cosiine,  and  the  rectangle  of  the  cosecant 

long.     Again,  'while  the  earth  moves  from  e  by  a  to  p,  and  sine,  are  each  equal  to  the  square  of  the  radius. 

tbe  north  pole  beomes  always  more  and  more  involved  in  For  cd  :  ce  :  :  cb  :  ch,  or  b  :  r  ;  ;  r  :  c, 

dukness,  and  the  days  become  shorter  and  shorter,  till  at  *nd  ci  :  ce  :  :  cp  :  ck,  or  r ;  r  :  :  r  :  «  ; 

>  or  ra,  when  it  is  midwinter  to  the' inhabitants  of  the  *nd  consequently  r*  =  cs  =  s<r;  where  r  debotes  the  ra> 

northern  sphere.     Lastly,  while  the  earth  moves  from  gs  dins,  *  die  sine,  c  the  cosine,  s  the  secant,  and  v  the  cose- 
by  b  to  g,  the  north  parts  emerge  more  out  of  dark- 


,  and  the  iajt  grow  ccntiiHialiy  longer,  till  at 
tiso  [kIcs  are  nyially  enlightened>  and  the  days  equal  to 
the  ni^ts  again.  And  so  on  continually  year  after  year. 
SECANT,  in  Geometry,  a  line  that  cuts  another,  whe- 
ther righlor  carved :  Thus  the  line  pa 
Of  PB,  Sic,  is  a  secant  of  the  eiicle 
ABD,  becauseof  their  cutting  it  in  the 
point  F,  or  o,  &c.  Properties  of  such 
secants  to  the  circle  are  as  follow : 

1.  Of  several  secants  ta,  FB,  PI>, 
Sec,  dnwn  from  the  same  point  p,  that 
-  vthich  passes  through  the  centre  c  is 
the  greatest ;  and  from  thenco  they  de- 
Cicaae  more  and  more  as  tiiey  recede 
fMther  from  the  centre;  via,  pB  less  than  fa,  and  ro  less 


Some  of  the  most  useful  trigonometrical  formula,  into 
which  the  secants  and  cosecants  enter,  are  the  foUowiniE. 

>  T»  r  im  tot  nn 

Sec  =  ^(r«-i-lan')  =  —  ^  -^  ss   — : — 
_   ^  ^{<**eai')    _  ™r'__  J'Vc««     "" 


r  CO.  v(™k'-''J 

The  secant  of  the  sum  or  difference  of  aoyf 
and  b  may  he  expressed  asfollowi: 

Cosec(8±ft)  =  rim*- 


____  ^_ ^ Tbe  secants  of  the  multiple  arc«  are  exhiUted  in  the 

than  ra,  and  to  on,  till  they  arrive  at  the 'trogent  at «,  ''•^(wvii^  fermalsej 

vhich  is  the  limit  of  all  tlie  secants.  See  •     —  sec  a 

S.  Of  Umm  BceanEi,  the  emtBiml  parts  n,  to,  ts,  &c,  Sec  2a  z=  -T^ 
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Sec3a  =  ■ 
Sec*o  =  - 
Sec  5a  = 
Or  generally 

i-a-c-, 

r- 

:•  *' 

,  tic. 

IS— 90  1 

Bcc  no 

2— (r—  - 

T— 

.(,- 

alr'- 

'     ' 

"" 

Also,  an  arc  a,  to  the  radius  r,  being  given,  the  'secant 
s,  apd  cosecant  r,  and  their  logarithms,  or  the  logarith- 
mic  secant  and  cosecknt,  may  be  expressed  in  infinite 
leries,  as  follows,  viz, 

a'  So'  61  (f  977^ 


ra" 


790r* 


i&=: 


log.  B  = 


etMSOOr" 


log.9- s--^"'"\f^    ■    ,so  ^    3835    ■    a;so(. 

where' ai  is  the  modulus  of  the  system  of  logarithms. 

SeCakts,  Figure  <jf.     See  Figukb  qfSecanti. 

Secants,  IJiu  of.     Sec  Sectok,  and  Scale. 

SECOND,  in  Geometry,  or  Astronomy,  &c,  the  60lh 
part  of  a  prime  or  minute  :  either  in  the  division  of  cir- 
cles, or  in  the  measure  of. time,  A  degree,  or  an  hour, 
ue  each  divided  into  6o  minutes,  marked  thus';  ami* 
aute  is  subdivided  into  60  seconds,  marked  thus";  a  se- 
cond into  60  thirds,  marked  thus"';  &c.  ' 

We  sometimes  say  a  second  minute,  a  third  minute, 
&c,  but  more  usually  only  srcond,  third,  &c. 

■The  seconds  pendulum,  or  pendulum  that  vibrates  se- 
conds, in  the  latitude  of  London,  is  39^  inches  long. 

SECONDARY  Circla  qf  fhe  Ecliptic,  are  circles  of 
longitude  of  the  stars  ;  or  circles  which,  passing  through 
the  poles  of  the  ecliptic,  are  at  right  angles  to  it. 

By  means  of  these  secondary  circjes,  Ml  points  in  the 
heavens  are  referred  {o  the  ecliptic;  that  is,  any  star, 
planet,  or  other  phenomenon,  is  understood  to  be  in  that 
point  of  the  ecliptic,  which  is  cut  by  the  secondary  circle 
that  passes  through  such  star,  &c. 

If  two  stars  be  thus  referred  to  the  same  point  of  the 
ecliptic,  they  arc  said  to  he  in  conjunction  ;  if  in  oppo- 
site points,  they  are  in  opposition  ;  if  they  are  referred  to 
two  points  at  a  quadrant's  distance,  they  are  said  to  be 
in  a  quarlilc  aspect,  if  the  points  differ  a  6th  part  of  the 
ecliptic,  they  are  in  scxtile  aspect,  &c. 

In  general,  all  circles  that  intersect  one  of  the  dx 
greater  circles  of  the  sphere  at  right  angles,  may  be  called 
secondary  circles.  As  the  azimuth  or  vertical  circles  in 
respect  of  the  horizon,  &c ;  the  meridian  in  respect  of  the 
equator,  &c.  s 

S^coNRART  Planea,  or  SattUitti,  are  those  moving 
round  other  planets  as  the  centres  of  their  motion,  and 
along  niih  them  round  the  son. 

SECTION,  in  Geometry,  denotes  the  intanection  of- 
two  planes,  or  the  surface  made  by  a  body's  being  cut  by 
a  plane,  Stc.         /  . 

The  common  section  of  two  planes  is  always  &  right 
line:  being  the  line  supposed  to  be  drawn  by  one  plane  in 
its  cutting  or  entering  the  other.  If  a  sphere  be  cut  in 
any  manner  by  a  plane,  the  figure  of  the  section  will  be  a 


a  ]  SEC 

circle;  alfo  the  common  intersection  of  the  snr&cn  of 
two  spheres,  is  the  circumference  of  a  circle;  and  the 
two  commen  sections  of  the  surfaces  of  a  right  cone  and 
a  sphere,  are  the  circumferences  of  circles  if  the  axis  of 
the  cone  pass  through  the  centre  of  the  sphere,  otherwise 
not;  moreover,  of  the  two  common  sections  of  a  sphere 
and  a  cone,  whether  right  or  oblique,  if  the  one  be  a  cir- 
cle the  other  will  be  a  circle  also,  otherwise  noti  See  my 
Tracts,  vol.  I,  tract  13,  prop.  7,  6,  p. 

The  sections  of  a  cone  by  a  plane,  are  five;  viz,  & 
tnangle,  circle,  ellipse,  hyperbola,  and  parabola.  See 
each  of  these  terms,  as  also  Comc  Section.  . 

Sections  of  buildings  and  bodies,  &c,  are  either  vcrti- 
cal,  or  horizontal,  &c.     The 

Angular  Sections,  is  a  term  given  by  Vieta  to  the 
analytical  investigation  of  the  law  of  increase,  or  de- 
crease, of  the  sines  and  chords  of  multiple  and  submuN 
liple  arcs.  Vieta  first  published  this  ingenious  theory  in 
1579,  with  his  Canon  Mathemaiicus,  which  is  nothiug 
more  than  a  table  of  sines  constructed  according  to  this 
principle.  He  there  shows  that,  if  in  the  semicircle 
BCD&c,  there  be  taken 
any  number  of  equal 

arcs,  BD,  DE,  £F,TG, 

&c;  and  if,we  make 
the  radius  equal  to  I, 
and  AD  ^  I,  we  shall 
have  the  series  of  sup- 
plementary cliords  AD, 
'  AE,  Ar,  &c;  which,  according  to  the  modern  method  of 
expression,  will  be  represented  as  follows : 
AB   =  2 

AD    =    X 

AE    =s   **  -  2 

AF  s  J*  —  ar 

AG  =  t*  —  tt*  -4-  a 

AU  =  i*  —  5x^  -i-  5x 
AI    =  x'  ~  6x'  -t-  $x*  —  7 
AK  =  *'  -  7*'  -t-  14r*  -  7jt 
&c.  , 

Vieta  has  also  pointed  out  the  law  of  this  progression, 
by  which  it  may  be  continued  to  in&nity;  that  of  the 
powers  and  signs  is  evident;  and  as  to  the  co-efficients, 
he  observes  that,  the  coefficients  of  the  second  column 
are  the  series  of  natural  numbers,  beginning  at  2 ;  those 
of  the  third  columns  are  triangular  numbers,  beginning 
at  2,  instead  of  1,  as  in  the  common  form  of  those  num- 
bers; that  is,  2,  (2+3),  {2+3-»-*),  (2+3-»-4-t.5),  &c: 
in  the  fourth  column,  tbcy  are  the.  pyradical  num- 
bers, &c. 

The  ratio  of  the  chords  themselves  as  sd,  sb,  sr,  Stc, 
Vieta  has  aUo  shown  may  be  expressed  in  the  following' 
manner,  by  calling  the  tirst  chord  x,  and  radius  :k  1,  as 
before,  then  th(> 

2d  chord  .    -    -    -    -      a    —  ** 
3d-.----  Sr  +  ar" 

■   4lh 3  -»-  4i'  -  *• 

5th 5x  -  Sx'  •*■  x',  &c. 

Ilic  law  of  the  progression  being  tbe  same  a*  in  tba 
fonner  case. 

Various  other  curious  and  useful  fnrmuls  and  obser- 
vations, on  the  doctrine  of  angular  sections,  may  be  seen 
iti  the  work  above  alluded  to,  and  in  the  Opuscula  of . 
Oughtred,  first  published  in  166?. 

Vertical  Sictiok,  or  simply  the  Sectiok,  of  a  build* 
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ing,  denotei  iti  profile,  or  »  delineation  of  iti  heights  and 
depths  rused  on  the  plan;  ai'if  the  fabric  bod  been  cut 
atunder  by  a  verticsl  plane,  to  diKovcr  the  iniidc.    And 

Horizontal  SKenon  n  tke  ichnogrepby  or  ground  plnn,- 
or  a  section  parallel  to  the  hariion. 

Sbctiok  of  a  Ratio,  or  Proportional  Section,  one  of 
the  last  worjts  of  Apollonius,  in  2  booiit,  rcttored  by 
Snellen  1607,  and  by  Halley,in  1706,  8vo. 

Section  qfa  ^xiee,  anotfaer  of  the  last  work*  of  Apol- 
'  lonius,  in  8  books,  restored  by  Snell  in  i607- 

SKCTHMt,iDaerminatc,     See  DKTT&MiMA-rs  Stctioa. 

SECTOR,  bf  a  Circle,  is  a  portion  of  the  circle  com- 
prehended betireen  two  radii  and  their  included  are, 
Thui,  the  figure  abc,  contained  be-  '  " 

tWKR  the  two  radii  AC  and  xc,  and 
the  are  AB,  is  a  sector  of  the  circle. 

The  Kctor  of  a  circle,  as  abc,  is 
et^UEil  to  a  triangle,  whoee  base  is  the 
ere  ABf  and  its  altitude  the  radios  aC 
or  BC.  And  therefore  the  radius  be- 
ins  drawn  into  the  arc,  half  the  product  gives  the  area. 

SimUar  Sectobs,  are  those  which  hire  equal  angles 
included  between  their  radii.    "Hieae  are  to  each  other 
ts  (lie  squares  of  their  bounding  arct,  or  as  their  whole 
'  circles. . 

Sector  al«o  denotes  a  mathematical  instrument, ^hich 
is  of  great  use  in  geometry,  trigonometry,  surveying, &c» 
in  measuring  and  laying  down  and  finding  proportional 
quantities  of  the  same  kind :  as,  between  lines  eitd  lines, 
•urhces  and  surfaces,  &c :  whence  it  wns  called  the  Com- 
pasa  of  Proportion,  by  the  French  and  the  Germans,  icC. 

The  great  advantage  of  the  sector  above  theJ  common 
scales,  &c,  is,  that  it  is  adapted  to  all  radii,  and  all  scales. 
By  the  lines  of  chords,  sines',  &c,  on  the  sector,  we  have 
lines  ,of  chords,  sines,  &c,  to  any  radius  between  the 
length  and  brcttdih  of  the  sector  when  open. 

The  sector  is  founded  on  the  4th  proposition  of  the  6tk 
book  of  Euclid ;  where  tt  is  demonstrated,  that  similar 
triangles  have  their  like  sides  proportional.  An  idea  of 
the  theory  of  its  construction  may  be  -conceived  thus. 
Let  the  lines  ab,  ac  represent  the  legs  of  the  sector ;  and 
AD,  AB,  two  equal  sections  from  the  centre:  then  if  the 
points  BC  and  dk  be  connected,  the 
lines  BC  and  dk  will  be  parallel ; 
therefore  the  triangles  abc,  adb  wilt 
be  similar,  and  consequently  the  sides 
AB,  BC,  AD,  OB  proportional,  that  is, 
as  AB  :  BC  : :  Ai>  : ;  db;  so  that  if 
Ante  the  half,  3d,  or  4th  part  of  ab, 
then  DE  will  be  a  half,  3d,  or  4th  y 
pan  of  BC  :  end  the  same  bold;  of  all  the  rest.  Hence, 
if  DB  be  the  chord,  sine  or  tangent,  of  any  arc,  or  of 
any  RDrober  of  d(?gtees,  to  the  radius  aB,  then  bc  will  Le 
the  same  to  the  radius  ab. 

The  sector,  it  is  supposed,  was  the 'invention  of  Guido 
Baldo  or  Ubaldo,  abont  the  year  1 568.  The  first  print- 
ed account  of  it  was  in  1584,  by  Caspar  Hordente  at 
Antwerp,  who  indeed  says  that  his  brother  Fnbricius 
Mordente  invented  it,  in  the  year  1554.  It  was  next 
treated  of  by  Daniel  Speckle,  at  Strasbnrgh,  in  1589; 
after  that  by  Dr.  Thomas  Hood,  at  London,  in  1508; 
-then  by  Lewin  Hulsc,  at  Frankfort  on  the  Maine,  lS03, 
who  says  it  was  invented  long  before  by  Justus  Byrgins, 
an  en^neer  In  the  service  of  the  Landgrave  of  He*se.  But 
that  faonnnr  was  claimed,  and  e\-cn  comended  for,  by 
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Galileo  and  by  Ballhasar  Capra  of  Milan,  The  former 
published  a  Tract  on  that  useful  instrument  in  1607  ; 
and  it  doubtless  received  improvements  from  him,  as 
well  as  from  our  countiymen  Gunter,  Poster,  and  others. 
See  WolGi  Elem.  Math.  tom.  5,  pa.  49;  also  Saverien 
Diction,  art.  Compass,  and  Cunn  on  the  Sector,  published 
by  Stone,  Preface.  It  was  treated  on  afterwards  by  many 
other  writers  on  practical  geometry,  in  all  the  nations  of 
£urope. 

Detaiption  qf  tie  Sbctor.  TJiis  instramoit  consisti 
of  two  rules  or  legs,  the  longer  the  better,  made  of  box, 
or  ivory,  or  brass,  &c,  representing  thcJ^dii,  moveable 
round  an  axis  or  joint,' the  middle  of  which  represents 
the  centre ;  from  whence  several  scales  are  drawn  on  the 
faces.     See  the  fig.  1',  plate  xxxii. 

The  scales  usually  set  uponsectors,  may  be  distinguish-  . 
ed  into  single  and  double.  The  single  scales  are  such  as 
are  sat  upon  plane  scales :  the  double  scales  are  those 
which  proceed  from  the  centre ;  each  of  theae  being  laid 
twice  on  the  same  face  of  the  instrument,  vii,  once  on  each 
1^.  From  these  scales,  dimensions  or  distances  are  to  be 
taken,  when  the  legs  of  the  instrument  are  set  in  an  an- 
gular position. 

The  scales  setiupmi  the  best  sectors  are 

Inches,  each  divided  into  8  and  10  parts. 
Decimals,  coataining  100  parts. 


Choids 
Sines 
Tangents 
Rhumbs 
Latitude 
Hours 
Longitude 
Inclin.  Merifl. 
the      /-Numbers 
loga-    3  Sines 
Htbms   J  Versed  sines 
of       (.Tangenh 
'  Lines,  or  equal  parts 
Chords 
Sines 

Tangents  to  45' 
Secants 

Tangents  to  above  45°. 
.   L  Polygons 
The  manner  ' 


1 


Cho. 

Sin. 

Tan. 

Rhum. 

Lat. 

Hon. 

In.  mer. 
Mum. 
Sin. 
V.  Sin. 
Tan. 
(tin. 


Cho. 
■S  I  Sin. 
■2  i  Tan. 

Tan. 
LPol. 


which  these  scales  are  disposed  on  the 
sector,  is  best  seen  in  the  Ggur& 

The  scales  hf  lines,  diords,  sines,  tangents,  rhumba, 
latitudes,  houra,  longitude,  incl.  merid.  may  be  used,  with 
the  instrument  either  »hu^o^  open,  each  of  these  scales 
being  eontained  on  one  of  the  legs  only.  The  scales  of 
inches,  decimals,  log.  numbere,  log.  sines,  log.  Terscd 
sines,  and  log.  Ui^ents,  are  to  be  used  with  the  sector 
quite  open, .with  the  two  rulers  or  1^  stretched  out  in  the 
same  direction,  part  of  each  scale  lyii^  on  both  legfl. 

The  double  scales  of  linos,  ohords,  sines,  and  lower  tan- 
gents, or  tangents  under  *5»,  are  all  of  the  same  radius 
or  lengih  ;  thay  begin  at  the  centre  of  the  instrument, . 
and  are  terminated  near  the  other  extremity  of  each  I4  ; 
vis,  the  tines  at  the  division  10,  the  chords  at  €0,  the 
sines  at  pO,  and  the  tangents  at  *S  ;  the  remainder  of  the 
tani^nts,  or  those  above  45°,  are  on  other  scales  bejiiii- 
irine  at  i  of  the  leaglh  ef  the  foHnar,  counted  frofti  iho 

centrt.,  wheM  they  O -■— '  --'^  "    — '  -"  •"  "'""" 

76  degrees. 


e  marked  widi  45,  and  itin  to  about 
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The  wcantg  ulso  b«>g)n  at  the  lame  dntance  from  the 
centre,  where  they  are  marked  with  10,  and  are  from 
thence  continued  to  eu  many  degrees  at  the  length  of  th« 
sector  will  allow,  which  it  ubout  79°. 

The  angles  made  by  the  double  tcalei  of  linet,  ot 
chords,  of  sines,  and  of  tangents  to  45  degrees,  are  always 
equal.  And  the  angles  made  by  the  scales  of  upper  ton- 
gents,  and  of  secants,  arc  aUo  eqnaL 

The  scales  of  polygons  are  set  near  the  inner  edge  of  the 
legs;  snd  where  these  scales  begin,  they  arc  marked  with 
4,  and  from  thence  are  figured  backwards,  or  towards  the 
centre,  to  12. 

From  this  disposition  of  the  double  scales,  it  is  plain, 
that  those  angles  that  are  equal  to  each  other  while  the 
leg!  of  the  sector  were  close,  will  still  continue  to  be  equal, 
though  ihe  sector  be  opened  to  any  distance. 

The  scale  of  inches  is  laid  close  t«  the  edge  of  tlie 
sector,  and  sometimes  on  the  very  edge ;  it  contains  as 
many  inches  as  the  instrument  will  receive  when  opened  ; 
«ach  inch  being  usually  divided  into  8,  and  also  into  10 
equal  parts.  The  decimal  scale  lies  next  to  this ;  it  is  of 
the  length  of  the  sector  when  opened,  and  is  divided  into 
TO  equal  parts,  or  primary  divisions,  and  each  of  these 
into  10  other  equal  parts ;  so  that  the  whole  is  divided 
into  100  equal  parts:  and  by  this  decimal  scale,  all  the 
other  scales,  that  are  taken  from  tables,  may  be  laid  down. 
The  scales  of  chords,  rhumbs,  sines,  tangents,  hours,  ice, 
are  such  ns  are  described  under  Plane  Scale. 

The  scale  of  logarithmic  or  artificial  numhers,  called 
Gunter's  scale,  or  Guntcr's  line,  is  a'scalc  expressing  the 
logarithms  of  common  numbers,  taken  in  their  natural 

The  construction  of  the  double  scale  will  be  evident  by 
inspecting  the  instrunieiit.  As  to  the  scale  of  polygons, 
it  usually  comprehends  the  sides  of  the  polygons  from  6 
to  12  sides  inclusive:'  the  divisions  arc  laid  down  by 
hking  the  lenalhs  of  the  chords  of  the  angles  at  the  centre 
of  each  polygon,  and  laying  them  down  from  the  centre 
of  the  instrument.  When  the  polygons  of  4  and  5  sid«s 
are  also  introduced,  this  line  is  constructed  from  a  scale 
of  chords,  where  the  lingih  of  90'  is  equal  lo  that  of  60" 
of  the  diiuhle  scale  of  chords  on  the  sector. 

In  describing  the  use  of  the  sector,  the  terms  lateral 
ditlanct  Hnd  trantoerte  diUmtce  often  occur.  By  the  former 
it  meant  the  distance  taken  with  the  compasses  »n  one 
of  the  scales  unly,  beginning  at  thet:entre  uf  the  sector  ; 
and  by  the  latter,  the  distance  taken  between  any  two 
corresponding  divisions  of  the  scales  of  the  same  name, 
the  legs  of  the  sector  being  in  an  angular  position. 
Uk>  qfihe  Sector. 

0/lhe  UneofLma.  This  is  useful,  lo  divide  a  given 
line  into  any  number  of  equal  paru,  or  in  any  propor- 
Kon,  or  to  make  scales  of  equal  parts,  or  to  find  3d  and 
*th  proportionals,  or  mean  proportionals,  or  to  increase 
or  decrease  a  given  line  in  any  proportion.  Ex.  I.  To  di- 
vide a  given  line. into  any  number  of  equal  parts,  ns  sup- 
pose 9  :  make  the  length  of  the  given  line  a  transverse 
distance  In  9  and  9,  the  number  of  parts  proposed  ;  then 
will  the  transverse  distance  of  1  and  1  be  one  of  the  equal 
parts,  or  the  9th  pan  of  the  whole ;  and  the  transverse 
distance  of  2  and  9  will  be  2  of  the  equal  parts,  or  ^  of 
the  whole  line ;  and  so  on.  2.  Again,  to  divide  a  given 
line  into  any  number  of  parts  that  shall  be  in  any  us- 
signed  proportion,  as  suppose  thr.-e  parts,  in  the  propor- 
tion of  3,  S,  and  4.     Make  the  given  line  a  tiausverse 
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diatance  to  9,  tke  sum  of  the  prtfposed  numbcn  %  3,  4 ; 
then  the  transverse  distances  of  these  numbers  severally 
will  be  the  parts  required. 

Of  the  Scale  of  CAordi.  1.  To  open  the  sector  to  any 
angle,  as  suppose  50  degrees :  Take  the  distance  from  the 
joint,  or  centre,  lo  50  on  the  chords,  the  number  of  de- 
grees proposed  ;  then  open  the  sector  till  the  transverse 
distance  Irom  60  to  60,  on  each  leg,  be  equal  to  the  said 
lateral  distance  of  50 ;  so  shall  the  scale  of  chords  make 
the  proposed  angle  of  50  degrees. — By  the  converse  of 
this  operation,  may  be  known  the  angle  the  sccior  is 
opened  to;  vis,  taking  the  transverse  distance  of  60,  and 
applying  it  laterally  from  the  joint. 

2.  To  protract  or  lay  down  an  angle  of  any  given 
number  of  Heerees.  Ai  any  opening  of  the  sector,  take 
the  transverse  distance  of  60°,  with  which  extent  describe 
an  arc;  then  take  the  transverse  distance  of  the  number 
of  degrees  proposed,  and  apply  it  to  that  arc ;  and  through 
the  extremities  of  this  distance  on  the  arc  draw  two  lines 
from  the  centre,  and  they  will  form  theangic  as-proposed. 
When  the  angle  exceeds  60°,  lay  it  od  at  twice  or  thrice. 
— By  the  converse  operation  any  angle  may  be  mea- 
sured ;  viz,  With  any  radius  describe  an  arc  from  tha 
angular  point;  set  that  radius  transversely  from  60  to 
bV;  then  take  the  distance  of  the  intercepted  arc,  and 
apply  it  transversely  to  the  chords,  which  will  show  the 
degrees  in  the  given  angle.  - 

Ofihc  Line  c^ Polygon*.  1.  In  a  given  circle  to  inscribe 
a  regular  polygon,  for  example  an  octagon.  Open  the 
legs  of  the  sector  till  the  transverse  distance  from  6  to  6 
he  equal  to  the  radius  of  the  circle  ;  then  will  the  trans- 
verse distance  of  8  and  8  be  t)ie  side  of  the  inscribed  oc- 
tagon. 3.  Upon  a  line  given  to  describe  a  regular  polygon. 
Make  the  given  line  a  transverse  dis.  to  5  and  5;  and  at 
thot  opening  of  the  sector  uke  the  transverse  distance  of 
6  and  6 ;  with  which  as  a  radius,  from  the  extremities  of 
the  given  line  describe  arcs  to  intersect  each  other,  and 
this  intersectiou  will  be  the  centre  of  acircle  in  which^tfaa 
proposed  polygon  maybe  inscribed;  then  Irom  that  centre 
describe  ihe  said  circle  through  the  extremities  of  tb« 
given  line,  and  apply  this  line  continually  round  the  ci^ 
cumference,  for  ihe  several  angular  points  of  the  polygon. 
3.  On  a  pivin  right  line  as  a  base,  lo  descube  an  isosceles 
triangle,  having  the  nngles  at  the  base  double  the  angle  at 
the  vei  tcx.  Upen  the  sector  till  the  linglh  of  the  given 
line  fall  transversely  on  10  and  10  on  each  leg;  then  lake 
the  transverse  distnnce  lo  6  and  6,  and  it  will  be  the 
le«igth  of  each  of  the  equal  sides  of  the  triangle. 

Of  the  Sinet,  Tangmtt,  and  Secanis.  By  the  several 
lines  disposed  on  thu  sector,  we  have  scales  of  several 
radii.  So  that,  1.  Hating  a  length  or  radius  given,  not, 
exceeding  the  length  of  the  sector  when  opened,  we  can 
find  the  chord,  sine,  &c,  to  the  same:  for  ex.  suppose  the, 
chord,  sine,  or  tangent  of  QO  degrees  to  a  radius  of  3 
inches  be  required.  Make  3  inches  the  opening  or  trans- 
verse distance  lo  6'0  and  60  on  the  chords ;  then  will  the 
same  extent  reach  from  45  to  45  on  the  tangents,  and 
from  90  to  90  on  the  sines  ;  so  that  to  whatever  radius 
Ihe  line  of  chords  is  set,  lo  the  same  are  all  the  others  set 
also.'  In  this  disposition  therefore,  if  the  transverse  di- 
stance between  20  anil  20  on  the  chords  be  taken  with  the 
compasses,  it  will  give  the  chord  of  20  degrees ;  and  if 
the  transverse  of  ^0  and  20  be  in  like  manner  taken  on 
the  sines,  it  will  be  the  sine  of  20  degrees;  and  lastly,  if 
the  transverse  diatance  of  iO  and  20  be  taken  on  the  tan- 
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gtnU,  it  will  be  die  t&Dgeat  of  20  d«gra«,  to  the  fame 
ndias. — S.  IC  the  chord  or  tangent  of  70  degreei  were 
required.  For  the  chord,  the  transTerse  diiiuice  of  half 
the  arc,  viz  35,  nuit  be  Eaken,  as  before;  which  distance 
taken  twice  give*  the  chord  uf  70  d<-greei.  To  find  the 
tangent  of  70  degrees,  to  the  same  radiui,  the  scale  of 
upper  tangents  must  be  used,-  the  under  one  only  reaching 
to  45  :  making  thercforr  3  inches  tbe  transverse  distance 
to  45  and  45  at  the  beginning  of  that  sc^le,  the  extent 
.  between  70  and  70  degrees  on  the  same,  will  be  tbe  tan- 
gent of  70  degrees  to  3  inches  radius. — 3.  To  find  the 
secant  of  an  arc ;  make  the  given  radius  the  transverse 
distance  beltveen  0  anil  0  on  the  secants}  th«'n  will  tlie 
transverse  distance  of  20  and  20,  or  70  and  70,  give  the 
secant  of  SO  or  70  d^rees.— 4.  If  the  radius,  and  an; 
iiae  represenung  a  sine,  tangent,  or  secant,  be  given,  tbe 
degrees  corresponding  to  that  line  may  be  found  by  set- 
ting tbe  sector-  to  the  given  radius,  according  as  a  sine, 
tangent,  or  secant  is  concerned ;  then  taking  the  given 
line  between  the  compasses,  and  applying  the  two  feet 
transversely  to  the  proper  scale,  and  sliding  the  feet  along 
till  they  both  rest  on  like  divisions  on  |rath  legs  ;  then  the 
divisions  will  show  the  degrees  and  parts  corresponding  lo 
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Uie  qf  the  Sector  in  Trigimometry,  or  in  varking  ■mtg  other 
prc^ioTtioiu, 

By  means  of  (he  double  scales,  which  are  the  parts 
more  peculiar  to  the  sector,  all  proportions  are  worked 
by  the  property  of  similar  triangles,  making  the  sides  pro- 
portional to  the  bases,  that  is,  on  the  sector,  the  lateral 
distances  proportional  to  the  transverse  ones ;  thus,  taking 
the  distance  of  the  first  terra,  and  applying  it  to  the  2(1, 
then  the  distance  of  the  3d  term,  properly  applied,  will 
give  the  4th  terni :  observing  that  the  sides  of  triangles 
are  taken  off  tbe  line  of  number*  laterally,  and  the  angles 
are  taken  transversely,  off  the  sines  or  tangents  or  secants, 
vccording  to  tbe  nature  of  the  proportion.  For  example, 
in  a  plane  triangle  abc,  given  two  sides  and  an  angle  op- 
posite to  one  of  them,  to  find  the 
rest  i  vis,  given  ab  =  56, .  ac  =  €4 
and  Z.B-  =  46^  SO',  to  find  bc  and 
the  angles  a  and  c.  In  this  case,  the 
sides  are  proportional  to  tbe  sines  of 
their  opposite  angl^;  hence  these 
proportions, 

as  AC  (64)  :  sin.  A  a  (46°  30^  : :  ab  (50)  :  sin.  Ac,  and 
as  sin.  b  :  aC  :  :  sin.  a  :  :  BC. 

,  Therefore,  to  work  these  proportions  by  the  sector,  take 
the  lateral  distance  of  64  =  AC  from  the  lines,  and  open 
the  sector  to  make  this  a  transverse  distance  of  46°  S(f  = 
£.  B,  on  the  sines  ;  then  take  the  lateral  distance  of  56  a> 
AB  on  the  lines,  and  apply  it  transversely  on  tbe  sines, 
which  will  give  i^  24'  =  Z.C.  Hence,  the  sum  of  tbe 
angles  b  and  c,  which  is  85°  54',  tnken  from  160",  leaves 
94°  6*  =  Z.  A.  Then,  to  work  the  2d>  proportion,  the 
sector  remaining  set  at  the  same  opening  as  before,  take 
the  transverse  distance  of  94°  6'  =  ^a,  on  the  sines,  orj 
which  is  tbe  same  thing,  the  transverse  distance  of  its  sup- 
plement 85°  54';  then  this  applied  laterally  to  the  lines, 
gives  88  =  the  side  bc  sought. 

For  the  complete  history  of  the  sector,  with  its  more 
ample  and  particular  construction  and  uses,  see  the  In- 
troduction to  Robertson's  Treatise  of  such  Mathematical 
Instruments,  as  are  usually  put  into  a  Portable  Case. 

Sicioft  (fa  ^pAere,  is  th«  »did  genecated  by  the  revo- 
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lution  of  the  sector  of  adrcleabout  one  of  its  radii;  the 
other  radius  describing  the  surface  of  a  cone,  and  the. cir- 
cular arc  a  circular  portion  uf  tbe  surface  of  the  sphere  of 
the  same  radius.  So  that  the  spherical  sector  consists  of 
a  right  cone,  and  of  a  segment  of  the  sphere  having  the 
same  common  base  with  the  cone.  And  hence  the  solid 
content  of  it  will  be  found  by  multiplying  the  base  or 
spherical  snrface  by  (he  radius  of  the  sphere,  and  taking  a 
3d  part  of  the  product. 

Sector  of  im  Bt:i\p*t,  or  qfan  Hyperbola,  &C,  is  a  part 
resembling  the  circular  sector,  being  contained  by  tUree 
lines,  two  of  which  ere  radii,  or  lini^  drawn  from  tbe 
centre  of  the  figure  to  the  curve,  and  the  intercepted  arc 
or  part  of  that  curve. 

Attronomicai  Sectok,  air  instrument  invente<l  by  Mr. 
George  Grabam,  for  finding  the  difference  in  right  ascen- 
sion and  declination  between  two  objects,  whose  distance 
is  too  great  tu  be  observed  through  a -fixed  telescope,  by 
means  of  a.  micrometer.  This  instrument  (fig.  S,  pi.  32,) 
consists  of  a  brass  plate,  called  the  sector,  formed  like  a 
T,  having  the  shank  cs,  as  a  radius,  about  3{  feet  long, 
and  2  inches  broad  at  the  end  □,  and  an  inch  and  a  hulf 
ate;  and  the  cross-piece  ab,  as  an  arch,  about  6  inches 
long,  and  one  and  a  half  broad ;  upon  which,  with  a  ra- 
dius of  30  inches,  is  described  an  arch  of  10  d^rees,  each 
degree  being  divided  jr>  as  many  parts  as  are  convenient. 
Round  a  small  cylinder  c,  containing  the  centre  of  this 
arch,  and  fixed  in  the  shank,  moves  a  plate  of  brau,  to 
which  is  attached  a  telescope  ce,  having  its  line  of  colli- 
mation  parallel  to  the  plane  of  the  sector,  and  passing 
over  the  centre  c  of  the  arch  ab,  and  the  index  of  a  Ver- 
nier's dividing  plate,  whose  length,  being  equal  to  16  quar- 
ters of  a  degree,  is  divided  into  15  equal  parts,  fixed  to 
the  eye  end  itfthe  telescope,  and  made  to  .slide  along  the 
arch;  which  motion  is  performed  by  a  loi^  screw,  o,  at 
the  bock  of  the  arcb,  communicating  with  the  Vernier 
through  a  slit  cut  in  the  bran,  parallel  to  the  divided  arch. 
Round  the  centre  f  of  a  circular  brass  plate  abc,  of  5 
inches  diameter,  moves  a  brass  cross  KLMir,  having  tbe 
opposite  ends  o  and  p  of  one  bar  turned  up  pcrpendico-  ' 
larly  about  3  inches,  to  serve  as  supporters  to  the  sector, 
and  screwed  to  the  back  of  its  radius;  iSo  that  the  plane 
of  the  sector  is  parallel  to  the  plane  of  the  circular  plate, 
and  can  revolve  round  the  centre  of  that  plate  in  this  pa- 
rallel position.  A  square  iron  axis  Hir,  18  inches  long, 
is  screwed  flat  to  the  back  of  the  circular  plate  along  one 
of  its  diameters,  so  that  tbe  axis  is  parallel  to  theplaneof 
the  sector.  The  whole  instrument  is  supported  on  a 
proper  pedestal,  so  that  the  said  axis  shaU  be  parallel  la 
the  earth's  axis,  and  proper  contrivances  are  annexed  to 
fix  it  in  any  position.  The  instrument,  thus  supported, 
can  revolve  round  its  axis  Ht,  parallel  to  the  earth's  axis, 
with  a  motion  tike  that  of  the  stars,  the  plane  of  tbe  sector 
being  always  paralld  to  the  plane  of  some  hour-circle, 
•nd  consequently  every  point  of  the  telescope  describing 
a  parallel  of  declination;  and  if  the  sector  be  turned 
round  the  joint  t  of  the  circular  plate,  its  g.-adualed  arch 
may  be  brought  parallel  to  an  hour-circle ;  and  conse- 
quently any  two  star:,,  whose  difference  of  declination  does 
not  exceed  the  degrees  in  that  arcb,  will  pass  over  it. 

To  observe  their  passage,  direct  the  telescope  to  the 
preceding  star,  and  fix  the  plane  of  the  sector  a  little  ta 
the  westward  of  it;  move  ibe  telescope  by  the  screw  o, 
and  observe  at  tbe  transit  of  each  over  the  cross  wires  the 
time  shown  by.  the  clock,  and  also  the  diviuon  upon  the 
3  B  2 
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trch  AB,  fhown  by  thf  index ;  tban  U  tire  difference  of  iMnce,  being  mlj  vhited  by  k  clow  cobenoii ;  ind  objects 

th«  arcbea  tbe  diftermce  of  the  dedinatioti ;  «nJ  diat  of  bare  appeared  sitigtc,  where  the  opltc  nens  wer«  found 

the  times  ihowt  tbe  difference  of  ihe  right  ucetttion  of  to  be  disjoiMed.    To  account  for  thii  pbeooiaenon,  thi> 

those  stars.     For  a  more  particnlar  Hescnption  of  tUt  ingenious  nriterauppuwi,  that,  by  an  originBl  law  inour 

instrnraent,  see  Smith's  Optics,  book  iii,  chap.  p.  naturn,  we  imagine  an  object  to  he  situated  sonewheK 

SECVhAR  Equatiau,  or  Century  EqwatioBi,  in  Astro*  in  a  right  line  drawn  from  the  picture  of  it  upon  tbe  re- 

nemy,  are  corrections  required  to  conpettsnut  iDcb  ine-  tins,  through  the  c«ntre  of  the  pupil ;  consequcndy  tbe 

qualities,  in  tbe  ceintial  motions,  as  occur  in  the  conrae  same  object  appearing  to  boib  cyra  to  be  in  ilie  tame  place, 

of  a  century  nr  100  yean.    Thus,  there  are  secular  m-  we  cannot  distinguish  it  into  two.     In  answer  to  an  o&- 

equalities  in  the  moon's  motion,  which  require  for  their  jection  to  this  bypotbesis,  from  objects  appearing  double 

CorrectioD  as  many  distinct  secular  equations.  For  whkh,  when  one  eye  is  distorted,  be  snys,  the  mind  mistakes  the 

see  tbe  books  on  aatronomy.  potition  of  the  eye,  imagining,  that  it  had  moved  in  a 

SecuLAa  Fear,  the  some  with  Jnbilee,  manner  coi  responding  to  the  other,  in  which  can.'  thecon- 

SECUNDANS,  an  infinite  series  of  numbers,  begin-  elusion  would  have  been  just:  in  this  he  seems  tohavcre* 

ning  from   nothing,' and   proceeding  according  to   the  course  to  the  power  oE  habit,  ibongb  he  disclaims  that  hy» 

squares  of  niimbenin  arithmetic^  prt^rcwton,  m  O,  1,4,  potbesis.  -  This  principle  however  has  been  thought  suffi* 

9,  l6,  %S,  S6,  49,  64,  6tc.  cieat  to  account  for  this  appearance. 

Seeing,  the  act  of  perceiving  objects  by  the  organ         Originally,  every  object  making  two  pictures,  one  in 

of  sight ;  or  the  sense  we  have  of  external  objects  by  each  eye,  is  imagined  to  be  double ;  but,  by  d^rees,  we 

means  of  the  eye.  find  that  when  two  corresponding  parts  of  the  retina  arc 

For  the  apparatus,  or  diposition  of  the  parts  neCetmry  impressed,  the  object  is  but  one  ;  bot  iftbose  cormpood- 

to  seeing,  see  Etb.     And  for  tbe  manner  in  which  seeing  ing  parts  be  changed  by  the  distortion  of  one  of  the  eyes, 

is  performed,  and  the  laws  of  it,  seeViaioH.  tbe  object  must  again  appear  double  as  at  the  first.     This 

Our  best  anatomists  differ  greatly  at  to  the  cauK  why  seems  to  be  verified  by  Mr.  Cheselden,  who  informs  us, 
we  tlo  not  tee  double  with  the  two  eyes.  Galen,  and  others  that  a  gentleman,  who,  from  a  blow  on  his  head,  hod  one 
after  him,  aicribe  it  to  a  coalition,  or  decussation,  of  tbe  eye  distorted,  found  every  object  to  appear  double,  but  by- 
Optic  nerve,  behind  tbe  os  spbenuides.  But  whether  they  degrees  the  most  familiar  ones  Game  to  appear  single  again, 
decussate  or  coalesce,  or  only  barely  touch  one  another,  and  in  time  all  objects  did  so  witbout  amendment  of  tbe 
is  not  well  agreed  on. — The  Bartholines  *i^  Vcsslius  say  distortion.  A  similar  case  is  montiuned  by  Dr.Smich.— 
expressly,  tbey  are  united  by  a.  perfect  confusion  of  their  On  the  other  hand.  Dr.  Reid  is  of  opinion,  tbat  the  cor* 
substaoce  ;  Dr.  Gibson  allows  them  to  be  united  by  the  respondence  of  tbe  centres  of  two  eyes,  en  which  singia 
closest  corguoction,  but  not  by  a  confusion  of  thenr  ^res.  i^sion  drpeods,  dues  nnt  nriae  from  custom,  but  from  tome 
— Alhazen,  an  Arabian  philosopher  of  the  13th  ccntary,  natural  coMtitutiim  nf  the  eye,  and  of  the  mitid.  M.  du 
accounts  for  single  vision  by  two  eyes,,  by  Mpposing  that  Tour  adoptsan  opiniim,  long  beforesa^sted  by  Gaisendi, 
when  two  corresponding  parts  of  the  retina  are  affected,  that  the  eye  attends  to  no  more  than  the  image  made  in 
the  mind  perceives  but  one  image.                          '  one  eye  at  a  lime;  in  support  of  which,  he  produces  so* 

Descarteeandotbersaccount  for  the  effect  another  wny;  vetal  curious  experiments  ;  but  as  M.  BuSbn  observes,  il 

viz,  by  supposing  that  tbe  fibritlw  constituting  the  medol-  is  a  sufficient  unirweT  to  thi«  hypothesis,  tbat  we  siee  more 

lary  part  iif  those  nerves,  beingapread  in  the  retina  of  each  distinclly  with  two  eyes  than  with  one ;  and  that  when  m 

.  eye,  have  each  of  them  corresponding  parts  in  the  brain,  round  object  is  nenrus,  we  plainly  see  moreoflbesurfiwe 

so  that  when  any  of  those  fibrillR  are  struck  by  any  part  in  one  case  than  in  the  other. 

of  an  image,  the  corresponding  parts  "f  the  brain  are         With  respect  to  single  vision  with  two  eyes,  Dr.  Hart- 

affected  by  it.     Somewhat  like  which  is  the  opinion  of  ley  observes,  that  it  deserves  particular  attention,  that  ihn 

Dr.  Bri^,  who  takes  the  optic  nerves  of  each  eye  to  cor>-  optic  nerves  of  man,  and  such  other  animals  as  took  the 

sisi  of  homologous  fibres,  having  their  rise  in  the  thalamus  same  way  with  both  eyes,  unite  in  the  sella  tarric*  in  a 

nervorum  oplicoruro,  snd  being  thence  continued  to  both  ganglion,  or  little  brain,  as  it  may  (>e  called,  peculiar  to 

the  relinK,  which  are  composed  of  lh«m  ;  and  further,  themselves,  and  that  the  associations  between  synchronous 

that  those  fabriUs  have  the  same  parallelism,  tension,  &c,  impressions  on  tbe  two  retinas,  must  be  made  sooner  and 

in  bnih  eyes  ;  Consequently  when  an  image  is  painted  on  cemented  stronger  on  this  account ;  hIso  tbat  they  ought 

the  same  corresponding  sympathising  parts  of  each  reurw,  to  have  a  much  greater  power  over  one  another's  image, 

the  same  effects  are  produced,  the  samF  noiict;  carried  to  than  in  any  other  part  of  the  body.     And  thus  an  imprcs- 

the  thalamus,  and  so  imparted  to  the  mind.     Hertce  it  is,  aion  made  on  the  right  eye  atone  by  a  single  object,  pro- 

that  double  vision  ensues  upon  an  interruption  of  the  pa-  pagates  itself  into  tbe  left,  and  there  raises  up  an  image 

nlleltsm  of  the  eyes ;  as  when  one  eye  is  depressed  by  the  almost  equal  in   vividness  to  itself;   and,  consequently, 

finger,  or  their  symphony  is  interrupted  by  disease :  but  when  we  see  with  one  eye  only,  we  may  however  have 

Dr.  Briogg  maintains,  that  it  is  but  in  few  subjects  there  is  pictures  in  both  eyes. 

any  decussation ;  and  in  none  any  conjunction  more  than         II  is  a  common  observation,  says  Dr.  Smith,  that  ot 

mere  contact ;  though  his  notion  is  by  no  means  contonant  jects  seen  with  both  eyes  appear  more  vivid  and  stronger 

to  focts,  and  it  is  attended  with  many  improbaUe  circum-  than  tbey  do  to  a  single  eye,  especially  when  both  of  them 

stances.  are  equally  good,    Porlerfield  on  the  Eye,  vol.ii,  pa.!i85. 

It  was  the  opinion  of  Sir  Isaac  Newton,  and  of  many  519.     Smith's  Optics,  Acmarhs,  pa.fl].     Reid's  Inqoiry, 

oUieis,  that  objects  appear  single,  because  the  two  optic  pa.  267.      Mem.  Pr^sentes,  pa.  514.     Acad.  hr.  1747, 

nerves  unite  before  they  reach  tbe  brain.     Bnt  Dr.  Poiw  Mem.  Pr.  S34.     Martf^  on  Man,  vol.  i,  pa.907.    Pries^■ 

tcrfield  shows,  from  the  observation  of  several  anatomists,  ley's  Hist,  of  Light  and  Colours,  pa.  663,  Ac. 
that  the  optic  nerves  dO  not  mix  or  confound  their  snl>-        Wbettcc  it  14  that  we  see  oi^ts  erect,  wbco  it  is  cer- 
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Imk  ibMOkcimagMtfacraofanpuBlediaTCrlecllycn)  the 
Ectiiw,  is  another  dif&culiy  in  tliG  theory  of  Moing.  £)«•• 
carles  sccounti  for  it  heuct,  Itwt  the  notice  which' the 
aaml  taket  of  ibe  object,  doci  not  depend  on  «ny  JMkge, 
not  any  action  coming  fnm  ditr  object,  but  merely  on  iha 
aituatioR  uf  (he  minute  parti  of  the  brain,  whfncc  the 
uervei  ariM ;  ex.  gr.  tiie  litiiaiion  «f  a  capillament  brain, 
vtliich  occauDU  the  >oul  10  Me  all  ihoee  place*  lying  in  a 
right  line  with  it. 

But  Mr.  Mulyneux  gives  another  account  of  thii  mat- 
ter. The  eye,  he  obMrve*,  ii  only  the  organ,  or  instru- 
ment;  it  in  the  miuI  that  sees.  To  enquire  then,  how  the 
wul  perceivis  the  objrct  erect  by  an  inverted  image,  is  ta 
enquire  into  the  bduI'i  faculLies.  Again,  imagine  thattb« 
oye  receives  an  impulse  on  its  lower  part,  by  a  ray  from  the 
upper  part  of  anobject;  matt  not  the  vieivefii  cutty  behenby 
ducted  to  consider  ttfls  stroke  as  coning  from  the  top, 
rather  than  the  bottunt  of  the  object,  and  conseqnently  be 
deterrnined  to  conclude  it  the  representation  of  the  top  t 

On  thcM  principlca,  we  are  to  consider,  that  inverted 
i«  only  a  relalire  trrta,  and  that  there  is  a  very  great  dif- 
ference beturean  the  real  object,  and  the  means  or  image 
by  which  Mvpemdveit.  When  all  the  part*  of  a  distant 
prospect  are  painted  on  the  netina  (supposing  that  to  be 
tlio  Nat  of  vision),  they  Are  dl  right  with  respect  to  one 
another,  as  well  as  the  patta  of  ^e  prospect  ■itsetf;  .and 
we  can  only  jn<^  ef  an  abject  being  inverted,'*  when  it  is 
tnmed  reverse  to  its  tnUural  pontion  with  respect  toother 
ol^^ects  which  we  seeandcoinpai^it  with. 

The  eye  -or  visive  feculty  (says  Molynenx)  takes  no 
notice  of  the  internal  snr&ice  of  its  own  parts,  but  nses 
them  as  an  instfUtnent  aaly,  contrived  tnr  nature  for  the 
exercise  of  «uch  a  faculty.  If  we  lay  hoid  of  an  a[M:ight 
stick  in  the  dark,  we  can  tell  which  is  the  upper  or  lower 
part  of  it,  by  moving  our  hand  upward  or  downward;  and 
very  well  know  that  we  cannot  feel  the  upper  end  by  mov- 
ing OUT  band  dnwnward.  Just  so,  we  find  by  experience 
and  habit,  that  by  directing  oureycsTowardsatall  object, 
we  cannot  sec  its  top  by  turning  our  eyes  downward,  nor 
Hs  foot  by  turning  onr  eyes  upward  ;  bat  must  trace  the 
object  the  same  way  by  the  eye  to  see  it  from  bead  to  font, 
as  we  do  by  the  hand  to  feel  it ;  and  oa  the  jadgment  is 
taforraed  by  the  motion  of  the  hand  in  one  case,  so  it  is 
also  by  ihe  motion  of  the  eye  in  the  other. 

Uolj-neux's  Dioptr.  pa.  105,  &c.  ftlueechenbrwk's 
Int.  ad  Phil.  Nat.  vol.  ii,  pn.  762.  Ferguson's  Lectures, 
pft.  133.     See  VisJBLE,  Visiotr,  Sec. 

SEGMENT,  in  Geometry,  is  a  part  cut  off  the  top  of 
a  figure  by  a  line  or  plane;  and  the  part  remaining  at  the 
bottORi,  after  the  segment  is  cat  off,  is  called  a  frustum, 
or  a  cone.     So,  a 

Sbqmbht  <^a  Circk,  is  a  part  of  the  circle  cut  off  by 
a  chord,  or  a  portion  comprehended  by  an  arch  and  its 
chord  ;  uRd  may  be  either  greater  or  less  than  a  •eiDicircte. 
Thus,  the  portion  abca  is  a  segment  less  than  a  tenii- 
circle ;  and  adca  a  segment  greater. 

The  angle  formed  by  lines  drawn 
from  the  extremities  of  a  ciiord  to 
meet  in  any  point  of  the  arc,  is 
called  an  angle  tn  the  segnMitL  So 
the  angle  abc  is  an  angle  us  the  aeg- 
roentABCA;  and  the  angle  atC,  an 
angle  tn  the  segment  adca. 

Also  the  angte  B  is  said  to  be  the 
angleupca  the  segment  itDc,  aad  b 
Ihe  angle  on  the  segment  asc. 
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Tbe  angle  wbieh'tha  t^otd  ac  makes  with  a'tangent  ir, . 
is  called  t|ie  angle  <ff  a  segment ;  and  it  is  equal  to  the 
angte  in  the  alternate  or  supplemental  segment,  or  equal 
to  tt>e  supplement  of  the  angle  in  tbe  same  st^nicnt.  So 
theangle  ACE  is  the  angle  f{f  the  segment  ABC,  and  is  equal 
to  the  angle  adc,  or  to  the  supplement  uf  thi-  angle  ft ; 
also  the  angle  acf  is  the  angle  <^  the  segment  a  dc,  and  is 
equal  to  the  angle  b,  or  to  the  supplement  of  the  angle  d. 

The  area  of  a  s^ment  abc,  is  evidently  equal  to  the 
diflerence  between  the  sector  oabc  of  the  sami-  ere,  and 
the  triangle  oac  on  the  same  chord ;  the  lriauj,le  being 
subtracted  from  the  sector,  to  give  the  segment  when  less 
than  a  semicircle ;  but  to  be  added  when  greater.  3ee 
morarules  for  tbesegmentin  my  Mensuration,  pa-SSt  ^C, 
4tk  edition. 

SimHar  Sbbkkkts,  an  tbose  that  have  theur  chord* 
directly  pro|)ortional  to  tbar  radii  or  diameters,  or  that 
bare  similar  arcs,  or  such  as  contain  tbe  same  number  of 

Sbokext  qfttSplitn,  is  a  part  cut  off  by  a  plane. 

The  base  of  a  segment  is  always  a  circle.  And  thecon- 
vexisurfacesof  difcrentsegments,  of  the  same  sphere,  are 
to  each  other  as  tbeir  ajtitudes,  or  versed  sines.  And  as 
the  whole  convex  snrface  of  the  sphere  is  equal  to  t  of  it* 
gnat  circles,  or  4  circles  of  tbe  same  diameter ;  so  tbe 
surface  of  any  segment,  is  equal  to  4  circles  on  a  diame- 
ter equal  to  the  chord  of  hdf  tbe  arc  of  tbe  segment.  8o 
that  if  d  denote  die  diameter  of  the  sphere,  or  the  chord 
of  half  the  circumference,  and  e  the  chord  of  half  the  arc 
of  any  other  segment,  also  a  the  altitude  nr  venect  sine  of 
the  same;  then, 

3'141fid'  is  the  surface  of  the  whole  sphere,  and 
S-l«l6(*,  or  3-l*l6ad,  the  surface  of  tbe  segment 

For  the  solid  content  of  a  segment,  there  are, two  rutai 
usoidly  given  ;  vis,  1.  To  3  time*  ihe  square  of  the  radius 
of  its  base,  add  the  square  of  in  height;  mnltiply  tbe  sum 
by  the  height,  and  tbe  prodnct  by  -5236.  Or,  2dly,  From 
3  tiooc*  the  diameter  ot  the  sphere,  subtract  twice  the 
height  of  the  frustum ;  multiply  the  remainder  by  the 
square  of  the  height,  and  the  product  by  -5236.  That 
is,  in  symbols,  the  solid  content  is  either 
n=  -5S9fife  X  (31*  +  o*),  or  =  SSSSa*  «  (Sd  -  Sa) ; 
where  a  is  the  altitude  of  the  segment,  r  the  radius  of  ib 
base,  and  d  tiie  diameter -of  the  whc^  sphere. 

Line  q^SzaMENTB,  are  two  particular  lines,  so  railed, 
on  Ounter's  Sector.  Tbey  lie  between  the  lines  of  sines 
and  superficies,  and  are  numbered  with  5,  6,  7,  S,  9,  10. 
They  represent  the  diameter  of  a  circle,  s<i  divid<d  into 
100  pans,  that  a  right  line  drawn  through  those  purls 
and  perpendicular  to  the  diameter,  shall  cut  tbe  circle 
into  two  segments,  the  greater  of'^vhich  will  have  the 
same  proportion  to  tbe  whole  cift:le,  as  the  part*  cut  off 
have  to  100. 

SELENOGRAPHY,  the  description  and  representa- 
tion of  the  moon,  with  all  tbe  parts  and  appearances  of 
her  dine  or  face ;  at  geography  does  those  of  the  earth. 
Since  the  invention  of  the  telescope,  selena|iniphy  is  very 
much  improved.  We  have  now  distinct  names  for  most  of 
tbe  supposed  regions,  seas,  Iskes,  mountains,  &c,  visible 
in  tbe  moon's  body.  Hevelius,  h  celebm ted. astronomer 
of  Dantzic,  and  who  published  ihe  first  selentigraphy, 
named  th(>  several  placa  of  the  moon  (votq  those  of  the 
earth.  But  Kiccioli  afterwards  called  them  by  the  names 
of  tbe  most  cetebrated  astronosnen  and  philost^hers. 
Thus,  vrfiat  the  om^  calls  Mods  l*orphyrite*,  tbe  other 
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'  c«llt  Arittarchui ;  what  the  one  cilU  jKtna,  StuBi,  Athos,  The  content  of  the  lolid  generated  by  Ae  revolution  of 
ApenniauR,  &c,  (he  other  calli  Copernicut,  Posidonius,  the  spuceAFM  abput  tbeaxis  at,  ii  ipxy^  =  '7S6iAP  x 
Xycbo,  Gaisendus,  &Cv—M.Csuinihu  published  a  work  ph*,  or  i  of  the  cirruuiBcribiDg  cylmder,  ADd  a  circle 
called  Instructions  Seleniqnes,  and  has  published  the  best  equal  to  the  surface  of  that  solid  may  be  found  from  the 
map  of  the  moon.  quadrature  of  an  hyperbolic  space. 

SELEUCiU£,  in  Chronology,  the  era  of  the  Seleuci-         Also'  the  lengdi  of  any  tire  ah   of  the  curve  may  be 
dee,  or  the  Syro-Macedoniaii  eiai  which  is 'a  coioputatiaD     easily  ohL>tned  from  the  quadrature  of  a  space  contained 
'  '     ;,  commencing  from  the  estabtiiihment  of  the  Seieii-     under  part  of  the  curve  of  the  common  parabola,  two  se- 
ra iordiuaics  to  the  axis,  and  iht;  part  of  the  axif.  contained 
between  ihem. 

This  curve  may  be  described  by  a  continued  motion, 
via,  by  fastening  the  angle  of  a  square  in  the  vertex  of  a 
common  paraboU;  anJ  then  carrying  the  intersection  of 
one  side  of  this  squaie  and  a  lAng  ruler  (which  ruler  at* 
ways  moves  perpendicularly  to  the  axis  of  the  parabola) 
along  the  curve  uf  that  parabola.  -  Vut  the  iniereeclion  of 
the  ruler,  and  the  other  side  of  the  square  will  describe  a 
semicubical  parabola.  Maclauriu  performs  this  hithout 
a  common  p»rabo)a,  in  his  Ueometria  Oi^anica. 

StMlDIAMETI::R,  the  Radius,  or  half-diameter  of  a 

circle  or  sphere,  is  a  line  drawn  from  the  centre  to  the 

SaiiiciacLE  is  also  an  instrument  in  Surveying,  some-     circumference.     And  in  any  curve  that  has  diameters  and  ' 


a  line  drawn 


a  centre,  it  is  the  radius,  or  half-diameter,  ( 
from  the  centre  to  some  point  in  the  curve. 

The  distances,  diameters,  &c,  of  the  heavenly  bodiet, 
are  usually  estimated  by  astronomers  in  semi  diameters  of 
the  earth  ;  the  number  of  which  terrestrial  semidiai 


s,  confained  in  that  of  each  of  those  plat 


e  of  Greek  kings,  who  reigned 
AlcxHnder  the  Great,  in  Syria,  as  the  Ptolemies  did  in 
Egypt.     According  to  the  best  accounts,  the  first  year  of 
this  era  falls  in  the  ye«r  311  before  Christ,  which  was  13 
years  after  the  death  of  Alexander. 

SELL,  in  Building,  is  of  two  kinds,  vie,  Ground-Sell, 
which  denotes  the  lowest  piece  of  timber  in  a  wooden 
building,  and  that  upon  which  the  whole  superstructure  is 
raised.  And  sell  of  a  window,  or  of  a  dooi,  which  b  the 
bottom  piece  in  the  frame  of  ihem,  upon  which  they  rett. 

SEMICIRCLE,  in  Geometry,  is  half  a  circle,  or  a  fi- 
~  .gure  comprehended  between  the  diameter  of  a  circle,  and 
half  the  circumference. 

SEHiciacLE  is  also  a 
times  called  the  Graphometer.  It  consists  of  a  semicir- 
cular limb-nr  arch,  as  Fm  (fig.  3,  pi.  32)  divided  into  180 
degrees,  and  sometimes  subdivided  diagonallyorothemtse 
into  minutes.  This  limb  is  suhiended  by  a  diameter  la, 
having  two  sights  erected  at  its  extremities,  in  the  centre 
of  the  semicircle,  or  the  middle  of  the  diameter,  is  fixed 
a  box  and  needle;  and  on  the  same  centre  an  ali- 
dade, or  moveableindez,  carrying  two  other  ugh  ts,  as  H, 
I :  the  whole  being  sec  on  a  staff,  with  a  ball  and  socket, 

&C. 

Hence  it  appears,  that  the  semicircle  is  nothing  but  half 
a  theodolite  ;  with  this  only  difference,  that  whereas  the 
limb  of  the  theodolite,  being  an  entire  circle,  takes  in  all 
the  360°  successively  ;  while  in  the  semicircle  the  degi^i 
only  going  from  1  to  180,  it  is  usual  to  have  the  remaining 
I S0°,  or  those  from  180"  to  36o°,  gradOated  in  another 
line  on  the  limb  within  the  former. 

7b  take  an  Angle  with  a  Semtcircle. — Place  the  instro- 
ment  in  such  manner,  as  that  the  radius  co  may  baiSg  fifth,  called  usually  by  tbc  Italians,  falsa  quinta,  and  by 
over  one  leg  of  the  angle  to  be  measured,  with  the  centre  a  false  fifth. 
c  over  the  vertex  of  the  same.  The  first  is  done  by  look- 
ing through  the  sights  f  and  a,  at  the  extremities  ol  the 
diameter,  to  a  mark  fixed  up  in  one  extremity  of  the  leg  ; 
and  die  latter  is  had  by  letting  fal)  a  plummet  from  the 
centre  of  the  instrument,  'Ihis  done,  turn  the  moveable 
index  Ht  on  its  centre  towards  the  other  leg  of  the  angle, 
till,  through  the  sights  fixed  in  it,  you  see  a  mark  in  the 
extremity  t>f  the  leg.  Then  the  degree  which  the  index 
cuts  on  the  limb,  is  the  quantity  or  measure  of  the  angle. 
Other  uses  are  the  same  as  in  the  theodolite. 


The  Earth 
The  Sun 
The  Moon 
Mercury 
Venus     - 

VesU      - 

SEMIDIAPASOM,  in  Music,  a  defective  or  imperfect 
octave ;  or  an  octave  diminished  by  a  lesser  semitone,  or 
4  commas. 

SEMIDIAPENTE,  in  Music,  a  defective  or  imperfect 


-  111-25  Pallas    - 

•      0-27  Ceres     - 

0-38  Jupiter 

ri5  Saturn 

0*65  Uranus    ' 


-  11-81 

-  9-77 
*-3S 


SEMICUBICAL  P^ai 
BOLa,  a  curve  of  the  2d  or- 
der, of  such  a  nature  that  the 
cubes  of  the  ordinates  are 
proportional  to  the  squares  of 
the  abscisses,  its  equation 
being  ay'  =z  z\  This  curve, 
•  aHm,  is  one  of  Newton's  five 
diverging  parabolas,  helitg  his 
70th  species;  having  a  cusp  at  its  vertex  at  a. 


SEMIDIATESSARON,  in  Music,  a  defectii-c  ibunh, 
called  also  a  false  fourth. 

SEMIDIATUNI^,  in  Music,  is  the  lesser  tbinl,  having 
its  terms  AS  6  to'5. 

SEM lORDI NATES,  in  Geometty,  the  halves  of  the 
ordinatesur  upplicates,  being  the  lines  applied  between  the 
absciss  and  the  curve. 

SEMIPARABOLA,  &c,in  the  higher  geometry,  at  ur*e 
defined  by  the  equation  ox*~'  ^  s/' ;  as  ax^  =e  y^,  or 
at'  =  y*,  lie.  In  serai  para  br>l  as,  y"  :  p"  :  :  ojt*"' ;  af' :  : 
T*~*  -.  z°~' ;  or  the  powers  of  the  semiordinati:s  are  as  tfie 
powers  of  the  abscistes  one  degree  lower  :  for  instance^  in 
cubical  serai  parabolas,  the  culKsof  tfaeordinatesarcastbe 
squares  of  the  abscisses  ;  that  is,^  :  c^ :  :  x*  :  a*. 

SEMIQUADRATE,  or  Semiquartils,  is  an  a^>ect 
of  the  planets,  when  distant  from^acb  other  ouesJgD  and 
a  half,  or  45  degrees. 

SEMIQUAVER,'  in  Music,  the  half  of  a  quaver. 

SEMIQUINTILE.  is  an  aspect  of  the  planets  when  dis- 
tant from  each  other  the  half  of  a  £th  of  the  circle,  or  by 


otherwise  named  the  Neilian  parabola,  from  the  name  of  36  degrees, 

the  author  who  first  treated  of  it,  or  squared  it.  SEMISEXTILE,  an  aspect  of  two  planets,  when  they 

The  area  irf  the  space  aph,  ia=-^y  =  .^ap  x  im,  are  distant  from  each  other  30 degrees,  or  the  half  of  a 
or  -^  of  the  circumicribiDg  rectangle. 
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Mxtile,  trikich  ii  9  ugDS  or  60".  The  Mmiwxtilc  is  marked 
j;  s. 

SKMITONb:,  in  Muiic,  a  hsif  tone  or  half  note,  one 
of  ihe  dpgiws  or  inrervals  of  couords.  Tbers  are  three 
degrci.it,  or  less  int>  rials,  by  whiofc  a  sound  can  mow  up- 
wards and  downwards,  successively  from  one  extreme  of 
any  concord  to  ihe  oIh«r,  and  yet  produce  Irue  melody. 
Thf!^^  degrees  vc  the  greater  tone,  the  less  tone,  and  the 
■temitonp.  The  ratios  defining  these  inicrvals  are  these, 
viz,  the  greater  tone  8  to  9,  the  lesa  tone  g  to  10,  and  the 
lomituiie  15  tu  16.  Its  compass  is  5  commas,  and  it  has 
its  name  froiii  being  nearly  balfa  whole,  though  it  is  really 
somi-«hat  more. 

There  are  scvernl  species  of  semitones ;  but  those  that 
ustintly  occur  in  practice  are  of  two  kinris,  distinguished 
by  ihe  addition  of  greater  and  less.  1'he  first  is  expressed 
by  the  ratio  of  16'  lu  15,  or  j4  '>  ^"''  the  second  by  Sd  to 
34,  i>r  4i-  The  octave  riintains  40  semitoites  tn^or,  and 
3  dieses,  nearly,  or  17  semitones  tniatr,  nearly;  for  the 
measure  of  the  octave  biing  expressed  by  ihe  log.  100,000, 
the  semitone  major  will  be  measured  by  •  0,09311, 
and  the  semitone  minor  by  -  -        -  0,05B89. 

These  two  ditfiT  byn  whole  enharmonic  diesis ;  which  is 
an  interval  practicable  by  the  voice.  It  whs  much  in  use 
among  ilie  aiicimts,  and  is  not.  unknown  among  modern 
practitioners.  Euler  Tent.  Nov.  Theor.  Mus.  pa.  107- 
See  Ikte&val. 

These  semitones  are  called  fictitious  notes ;  and,  with 
respect  to  the  natural  ones,  they  are  expressed  by  cha- 
racters called  flats  and  sharps.  '!  he  use  of  (bcnr  is  lo  re- 
,incdy  the  detects  of  instruments,  tvhich,  having  their 
sounds  fixed,  CHUiiot  always  be  made  to  answer  to  the  dia- 
tonic scale.  By  raeaiu  of  ifaese,  we  have  a  new  kitid  of 
scale,  called  the 

SEMITONIC  Scale,  or  the  Scale  <if  Semiionet,  which  is 
a  scale  or  system  of  music,  consis^ng  of  1 2  degrees,  or  13 
notes,  in  tlie  octave,  Being  an  iaprovement  on  the  natural 
or  di^^tonic  scale,  by  inserting  between  each  two  notes  of 
it,  another  uiite,  wliich  divides  the  interval  or  tone  into  two 
unet|ual  pans,  called  semitones. 

The  use  of  this  scale  is  for  instruments  that  have  fixed 
sounds,  us  the  organ,  harpsichord,  &c,  which  are  exceed- 
ingly defeciire  on  the  foot  of  the  natural  or  diatonic  scale. 
For  the  degrees  of  the  scale  being  unequal,  from  every 
note  to  its  octave  there  is  a  different  order  of  degrees;  so 
that  from  any  note  we  cannot  find  every  interval  in  a  series 
(if  fixed  sotmds  ;  which  ]  ct  is  necessary,  that  all  the  notes 
of  a  piece  of  music,  carried  through  several  keys,  may  be 
found  in  their  juit  tune,  or  that  the  ^mesong  may  he  be- 
gun indiflerenliy  at  ajiy  note,  ss  may  be  necessary  for  ac- 
commodating some  instrur^ient  to  others,  or  to  the  voice, 
when  they  aro  to  accompiiify  each  other  in  unison. 

The  diatonic  scale,  bcgiiiliino  at  llic  lowest  note,  being 
first  settled  on  an  instrumtnl,  and  the  notes  of  it  distin- 
guished' by  their  names  o,  b,  c,  d,  e,f,gi  the  inserted 
notes,  or  semitams,  are  called  fictitious  notes,  and  lake 
the  name  or  letter  below  with  a  •,  as  c*  called  c  sharp ; 
signifying  that  it  is  a  semitone  higher  than  the  sound  of  c 
in  the  natural  series;  or  this  mark  ^  called  a  flat,  with 
the  name  of  the  note  above  signifying  it  to  be  <i  semitone 
lower.     . 

Now  44  ""I  tH  being  the  two  semitones  the  greater 
tone  is  divided  into,  and  {^  and  \^,  the  semitones  the  lesa- 
tone  is  divided  into,  the  whole  octave  will  itaod  as  in  the 


»5  ]  sen 

following  icheme,  where  the  ratiia  of  each  tern  to  the 

neJit  are  wri.tten  ftaction-wise  between  them  below. 

e.       <»      d.     d^,     e.       f.    /■.     g.    ^.  a*     6.    ec. 

fi  Hf  H  H  IT  TT*  ih  -rj  If  44  ma 

lor  tbe  names  of  the  mtervaUtn  this  scale,  it  may  be  con- 
sidered, that  as  the  notes  added  to  the  natural  scale  are 
not  designed  to  alter  the  species  of  melody,  but  leave  it^ 
■till  diatonic,  and  only  correct  certain  defects  arising  from 
something  foreign  to  the  office  of  the  scale  of  music,  vie, 
the  fixing  and  limiting  the  sounds  ;  we  see  the  reason  why 
the  names  of  the  natural  scale  are  continued,  only  making 
a  distinction  bf  each  into  a  greater  and  less.  Thus  an  in- 
terval of  one  semitone,  is  called  a  leu  second ;  of  two 
semitones,  a  greater  second ;  of  ibre»  semitones,  a  less 
third  ;  oi  four,  a  greater  third,  &c. 

A  second  kind  of  semitonic  scale  we  have  from  another 
division  of  the  octave  into  semitones,  which  is  performed 
by  taking  an  harmunical  mean  between  the  extremes  of 
the  greater  and  less  tone  of  the  natural  scale,  which  di- 
vides It  into  two  semitones  nearly  equal.  Thus,'  the 
greater  tone  B  to  9  is  divided  into  two  semitones,  which 
are  l6to  17,  and  l/io  18;  where  l6,  17,  18,  isan  arith- 
metical division,  the  numbers  n.-pri.-seniin<c  the  lengths  of 
the  chords ;  hut  if  they  represent  the  vibraiion,  the  lengths 
ol  the  chords  are  reciprocal ;  vixas  1,  "1,^;  which  puis 
the  greater  semitone  ff  next  the  lower  part  of  the  tone, 
and  the  lesser  ^  next  the  upper,  which  is  the  property  of 
the  burmonical  division.  And  after  the  same  matvner  the 
less  tone  9  to  10  is  divided  into  two  semitones,  1 8  to  l9, 
and  19  to  -iO;  and  the  whole  octave  stands  thus: 

?.    *?■     f.    '^'     *■.      ^-    -'*     «■   «■•   "*•    *•     ■'■ 
TT^,Ti     TT     48      IT     TT     -ri    TT    iS    TT    ri    -li- 

This  scale,  .Vir.  baimon  tells  us,  in  ttie  Philosophical 
Transactions,  he  made  an  experiment  of  before  the  Royal 
Society,  on  chords,  exactly  in  these  proportions,  which 
yielded  a  perfect  concert  with  other  instruinenta,  touched 
by  the  best  hands,  Mr.  Malcolm  adds,  that,  having  cal- 
culated the  ratios  of  tliem,  for  his  own  sati^taction,  he 
found  more  of  them  false  than  in  the  preceding  scale,Fbut 
then  their  errors  were  constderafal]>  lesa,  which  made 
amends.     Malcolm's  Music,  chap.  10.  §  2. 

SEN^IBLR  Hariim,  or  Poha,  or  Ouulity,  Sec.     See    ■ 
the  substantives. 

SElTU.tGlL.mMA,  in  the  Calendar,  is  thegth  Sunday 
before  Easter,  so  called,  as  some  have  supposed,  because 
it  is  near  70  days,  though  in  reiiliiy  it  is  only  6S  days, 
before  it. 

SERIES,  in  Algebra,  denotes  a  rank  or  progression  of 
quantities  or  terms,  which  usually  proceed  according  to 
.tone  certain  taw. 
•     As  the  series  l-*-{-«-J-«-i'-f-iV  *<^' 

or  the  scries,  l-t-i-*-J-*i+i&c, 
where  the  former  is  a  geometrical  serieH,  proceeding  by 
the  constant  division  by  2,  or  the  denominators  multi- 
plied by  3  ;  and  the  latter  is  an  harinonical  series^  being 
the  reciprocals  of  the  arithmetical  series  1,  2,  3,  4,  &c, 
or  the  di-nominaloi's  being  continually  increased  by  1. 

The  only  traces  of  the  doctrine  of  series  found  among 
the  ancients  are  in  the  works  of  Archimedes aitd  Pappus. 
Thus,  in  comparing  the  spheroid  with  llie  cone  and  cylin- 
der, Archiinedei  supposes  the  terms  of  a  progression  to 
increasi:  constantly  by  the  same  dilftrence,  and  demon- 
strates several  properties  of  such  a  prii^ession  relating 
to  the  sum  of  the  terms,  and  the  sum  of  their  squares; 
by  meaus  of  which  he  compares  the  parabolic  conoid. 
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4te  ipWoid,  tai  hyperbolic  conoid,  with  die  corif,  and  mate,  by  svmiDiiig  up  its  terms,  or  by  collecting  ih«^  to- 

ibe  area  of  bis  spiral  line  w^h  the  area  of  tbe  circle,  gethet  one  after  another. 

A^n,  in  bii  TreMise  on  the  Quadrature  of  the  Parabola,  In  like  manner,  by  dividing  I  by  the  algebraic  lum 

be  meiiMur)s  ■  progreuioo- wboie  icrmt  decrease  con-  a+c,  or  by  a— c,  the  i^uotieat  will  be  in  these  twocases, 

■tantly  in  the  ratio  of  4  to  1 :  bat  he  doea  not  suppose  as  below,  vis, 

th»  progreifion  to  be  continued  to  infinity,  or  raenlion  _2_  _    • i_.».jL_    i    fcc 

'the  sum  of  an  infinite  number  of  termt;   though  it  is  a+t         a          «'          ^^           «'         ' 

plain  that  Ail  that  can  be  anderttood  by  those  who  assign  i_         i           c          ^         c*     . 

that  iiUKi  was  fully  known  to  bim.     He  contents  himsdf  ^I^  —  V  "^    «^  "*"     ^          -•          ' 

however,  with  demonstrating  thia  plain  property  of  such  where  tbe  terms  of  each  series  are  the  aame,  and  they 

a  series,  tlial  the  ram  of  the  terms  continued  at  pleaanre,  differ  only  in  this,  that  the  signs  are  alternately  posi- 

added  to  the  4  part  of  the  last  term,  amounts  always  to  tive  and  negative  in  the  former,  but  all  positive  in  the 

^  of  the  first  term.    See  pr.  23  quod,  parab.            '  latter. 

Pappus  touches  on  a  subject  nearly  allied  to  the  mo-  And  hence,  by  expounding  a  and  c  by  any  numbirs 

dern  doctrine  of  series,  in  the  4th  book  of  his  methema-  whatever,  we  obtain  an  endless  variety  of  infinite  serirs, 

tical  C(dlectioiu,  where  he  treats  of  the  geaeral  problem  whose  suras  or  values  arc  known.     So,  by  taking  a  or  c 

relating  to  an  infinite  series  of  circles  inscribed  in  tbe  equal  tolor3or3or^  &:c,  wo  obtain  these  series,  and 

space  called  arbelon,  contained  between  the  circurafe-  their  values  or  roots  : 


fences  of  two  circles  touching  inwardly.  But  both  of 
these  authors  investigate  their  respective  problemi  geo- 
metrically, and  without  any  reference  to  tbe  algebraic 
method.  1 

WithTcgaril  to  seriea  considered  algebracally,  tbe  first 
notices  are  found  in  the  wwbs  of  Dr.  Wallis,  Thus,  in 
hia  aritfameticBl  works,  puUished  in  )€57,  he  for  (he 
fir&t  time  reduced  the  fracuon  - — ,  by  a  continued 
division,  into  tbe  infinite  series  a^ AK-»-AK>-r- ar'-)- 
Aii'-«-&c.     Thin,  and  a  few  other  deductions  of  similar 

import,  gave  the  idea  to  Nic.  Mercator,  who  made  soime  -  .    - 

advanctv  in  the  doctrine.     It  was  afte;rwards  taken  up    ".^»>  '>'  '"»'  ■"*")'  <>'*««■«  *""'"  ""y  "' 
by  Brouncker,  James  Gregory,  &c  ;  but  tlui  genius  of    *■'*  or  value. 
Newton  fint  ^ve  it  body   and  form. 

This  method  ii  chieBy  useful  in  the(|nadiatBre  of  carves ; 
where,  as  we  often  meet  with  quantities  which  cannot  be 
expressed  by  any  precise  definite  nun 
ratio  of  the  diameter  of  a  circle 


+  1  -  I  &c, 


—^  =    -^  =     I    -     2    H-    8*  -    2*   &c, 

3  +  1   ~    "*"   ~     a    ~   ~     -    3'  a'        • 

And  hence  it  appears,  that  the  same  quantity  or  r^ 
dix  may  be  expressed  by  a  great  ™riety  of  infinite  se- 
'    ■  '" — -------      1-     -■^samera- 

Another  way  in  which  an  inlinite  scrips  arises,  is  by 

tbe  extraction  of  roots.    Thus,  by  extracting  the  square 

root  of  tbe  number  3  in  the  common  way,  we  obtain  its 

bers,  such  as  is  the    '"lue  in  a  series  as  follows,  viz,  ^S  =  1 73205  &c  =a  ■ 

ifirence,    I .+  -Ai  ■*-  t^tt  +  riAre  +  ttioVo  *ei ",»  which  way  of 


e  glad  to  express  them  by  a  series  which,  infinitely  "solution  the  law  of  the- progression  of  the  series  is  not 

continued,  is  the  value  of  the  quantity  sought,  and  which  "wble,  m  it  w  whm  fiWBcl  by  a'^"""*.    T»w,  lb*  »q«are 

■s-called  an  infinite  aeries.  — .. -^  .i— -i— ».    .._.—.._.   -^      ~. 
Tit  Nalare,  Ongiii,  ■JSrc.  (/Saaita. 


Infinite  aeries  commonly  arise,  nther  from  a  ContimieH 
division,  as  was  practised  by  Mercator,  or  tbe  extraction 
of  roots,  as  first  performed  by  Newton,  who  also  ex- 
{4ained  other  gmeral  ways  for  the  expanding  of  quan- 
tities into  infinite  series  a*    by  the    tMuotnial   theorem. 


:r  -  -i:?-  -^  TTir  &c. 


root  of  the  a^braic  «nianiiiy  «'  -»-  c*  ^ves 

And  a  3d  way- is  1^  Newton's  binomial  theorem,  which 
is  a  universal  method,  that  serves  for  all  kinds  of  quanti- 
ties, whether  fractional  or  radical  ones:  and  by  this' 
means  the  same  root  of  tbe  last  given  quantity  becomes 


a." 


Thus,  to  divide  1  by  3,  or  to  expand  the  fraction  -f  into  ^(a'  -«•  c*)  ^  a  -t- — — r  ■♦■  — '• — i 

an  infinite  series;  by  division  in  decimaUin  theordinary  ^,     ,        ,       ..       ..     °       -j'  , 

-.„  .i.-.-»,;o.;.ft./i<i<ijt^  -,   !     ^     J  '  J.      J       1  the  law  of  continuation  IS  evident, 

way,  tbe  aeries  IS  0-3333  &C,  or  ^  +  tijr  -t-  -riftnr   +         o— r- /■  i>~- i 


where 


•TQ^TV  ^>  where  the  law  of  continuation  is  manifest. 
Or,  if  the  same  fraction  ^  be  set  in  this  form  — — ,  and 
division  be  performed  algebnucally,  the  quotient  will  be 


Or,  if  it  be  espreiaed  in  this  form  — 
division  there  will  arise  the  series, 
_i_ii_        _i_        J^t, L. 


See  ExTiiacTioir  qfltooti,and  Binomial  Theorem. 

From  the  specimens  above  given,  it  appears  that  the 
signs  of  the  terms'  may  be  either  all  plus,  or  altemauly 
plus  end  minui.  Though  they  may  be  varied  in  many 
other  ways.  It  also  appears  that  the  terms  may  be  either 
continually  smaller  and  smaller,  or  larger  and  Larger,  or 
,.,       they  may  be  all  equal.     In  the  first  case  therefore 


D  be  a  decreasing  one,  in  tbe  Sd  c 
creasing  one,  and  in  the  3d  case  an  equal  one.  Also  the 
first  series  is  colled  a  converging  one,  because  ibat  by  col- 
lecting its  terms  successively,  taking  in  always  one  term  ' 
Again,  by  dividing  1  by  5— 2,  or  6— 3,  or  7—*,  &c,  the  more,  the  successive  sums  approximate  or  converge  to  the 
series  answering  to  the  fraction  j,  may  be  found  in  an  value  or  sum  of  the  whole  infinite  series.  So,  in  tbe 
endless  variety  of  infinite  series.     The  finite  quantity  }  '      _     '     _    '  ^        _L_  ^  _i_    kc 

is  called  the  value  or  radix  of  the  series',  ai  also  its  sum,    ■*"*■  ^"Z^  —  "^  a     *     9    "*"    97  ai  •        ' 

being  the  number  or  sum  to  which  the  series  would    the  first  term  \  is  too  little,  or  belovr  }  which  is  (he  value 
amouDfi  0^  ll>®  '''">'  t<^  which  it  would  tend  or  approxi-    or  sum  of  the  whole  infinite  series  proposed  ;  the  ium  of 


DigczecoyV^OUyie 
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the  fint  two  terms  \  -t-  '^n^  =s  -iMt  ho,  is  ilso  too  the  lerie*.     A^ain,  After  the  tint  two  terms  i  ~  i,  the 

little,  bat  netirer  to  j  or  '5  Ibeo  tbe  former;    and  the  remeioder  n  -*-  i,  wbicb  divided  by  the  same  divitor  3, 

sum  of  three  terms  }-^^  +  ^i»4fs  -481481  &c,  is  gifea  ^J,  for  the  lu^plemeot,  and  tJiis  combined  nitb 

nearer  than  the  last,  but  still  too  little ;  and  the  sum  of  those  two  tprras  i  ~  i,  makes  {  —  !-»-  -^s:  i  -f  -rt 

four  terms  ^-»-j-*-Tr'^rF>"4T  —  '493827  &c,  ss  ^  or  }  the  umeium  or  value  as  before.  And  ia  gene- 

which  is  again  ne&rer  than  the  fortner,  but  still  loo  little ;  ra],  by  diTidjog  I  by  a  •*-  c,  there  is  obtained 
and  this  is  always  the  case  irhen  the  terms  are  all  positive. 


and  tbis  IS  always  ttie  case  vbenttte  terms  are  alt  posKive.        ^  i         c  <*  i"  j>  +  i 

But  wbf  n  the  converging  series  has.  its  terms  alternately     —  —  =  -——,+    -^  ---•  ± ^  — 

positive  and  Degatir"    '••- "  ii— ■■"•••"•"■"-——-— -i"--       "*"  ■   "*■  ■"■•"     f.  j.,i 


^_ „ ,  then  the  succestfive  sums  are  altei^ 

nately  too  great  and  too  little,  though  stilt  approaching     where,  slopping  tbe  di 
neerer  and  nearer  (o  the  final  sum  or  value.     Thus  in 
in  the  series 


=  0-25  = 


-  &C, 


the  1st  term  ^  =  '333  Sec,  is  too  great, 

two  terms  ^  —  ^  =  '233  &c,  are  too  little, 

three  terms  ^  -~  ^  -t-  ^  =  -359259  ttc,  are  too  grtet, 

four  terms  |  -  |  +  ,!,-'    =  -iwCgiS  Stc,  are  too 

small,  and  so  on,  alternately  too  great  and  too  small, 

but  every  succeeding  sum  still  nearer  than  tbe  former,  or 

converging. 

In  the  second  case,  or  when  the  terms  become  larger 
and  larger,  the  series  is  called  a  diver^ng  one,  because 


■  ,  the  remainder  after  this  term  b         ■  .which  bclus 

divided bythe  lemedivisor  a  -t-  c.gives for 

o"  +  '  (o  +  c) 
the  supplement  as  above. 

Tlie  Lmi  qf  CmUinuatim. — A  scries  being  proposed,  one 
of  the  chief  questions  concerning  it,  is  to  lind  the  law  of 
its  continuation.  Indeed,  no  univenal  rule  can  be  given 
for  this;  but  it  often  happens  that  the^erms,  taken  two 
and  .two,  or  three  and  three,  or  in  greater  numbers,  have 
an  obvious  and  simple  relation,  by  which  the  series  may  be 


and  Ufger,  the  series  is  called  a  diverging  one,  because  •'•""■--■•""  «'"H--'='»^;""."yw"'tn  .ne  »tr,«M«yu. 

that  by -collecting  the  terms  continually,  the  successive  ^TaT^          T        f  '""^^^Til'     ^''"*'  '■  ^  ^ 

SDiDS  diverge,  or  go  always  farther  and  faither  from  the  ^"'^^.  ^y  \  "  '■  *''«  t""."*"^  _?'"  ^  ^  geometncal  pio' 

true  value  or  radi«  of  the  series ;  being  all  too  gieat  when  f  "'"'"• "'''  *.  *  *  "^  \  "^  "^  >c,  where  the  succeedmg 

tbe  terms  are  all  positive,  but  altermitly  too  gt^it  and  *"»?  "">  9^^<^  by  the  contmiwl  mnlt.phcat.on  by  x. 

too  little  when  th^  are  aiternatelv  ix»iiive  and  neaaUve.  '"  ''^^  """"'"'  .'"  •>.'*'"   <^'«"  "^  '''*'»"'"•  """^  P™" 


n  they  are  alternately  positi' 
Thus,  in  the  series 

-^  =   4-=   l-2-t-4-8&C. 


ind  negative 


gressions  are  produced. 

But  in  most  cases  the  relation  of  the  terms  of  a  series 
is  not  constant,  as  it  is  in  those  that  arise  by  division.  Yet 
their  relation  often  varies  according  to  a  certainlaw,  which 
is  sometimes  obvious  on  inspection,  and  sometimes  it  is 
found  by  dividing  the  successive  terms  one  by  another, 
&c.     Thus,  in  the  series 

„ .„,  .......... 1  +  !'  +  A**  -^  T^'^  +  *T?**  &c.  by  dividing  the  2d 

«„»  -.^.B  from  the  true  vahie  or  radixi.  but  alternately  ^"^  ^Y  t^^  ls(,  the  3d  by  the  2d,  the  4th  by  the  3d,  and 
too  great  and  too  little,  or  posiUve  and  negative,  Buttheal-  w  on  the  quotients  will  be  |jr,  4*,  |j:,  ^i,  &c ;  andUiere- 
ternate  sums  would  be  alwavs  more  and  more  too  great  if  '""  ^^^  t^""""  ""X  •>«  Continued  indefinitely  by  the  suc- 
the  terras  were  all  positive,  and  always  toolittleif  negative.  "^""^  raultiphcation  hy  these  fractions.  Also  in  the  f«l- 
,  But  in  tbe  third  case,  or  when  the  terms  are  all  equal,  ^°V"S  »^"e»  I  +  i*  +  A*  +  -ri**^  +  TrTT(**«c,  by 
the  series  of  equals,  with  alternate  signs,  is  called  a  neu-  ''"'omg  the  adjacent  terms  successively  by  each  other,  the 
tral  one,  because  the  successive  sums,  found   by  a  con-     «"=*  °^  quotients  is  -^1,  A*,  ti*.  yi'.  &<=.  o' 


the  first  term  +  1  is  too  great, 
two  terms  X  —  2  =  —  I  are  too  little, 
three  terms  l--2-i-4=s  +3  are  too  great, 
four  terms  1  —  2  +  4— 8  =  — 5  ere  too  little, 
I  BO  on  contiiiually,  after  the  2d  term,  diverging  r 


tinual  collection  of  the  terms,  are  always  at  the  same 
distance  from  the  true' value  or  radix,  but  alternately  po- 
sitive and  negative,  or  too  great  and  too  little.    Thus,  ir 


r.  Sec;  ind  therefore  the  terms  of  thu 


-1  +  1-1+1- 


serics  may  be  coplinued  by  the  multiplication  of  these 
fractions. 

Another  method  of  expressingthc  law  of  a  series,  is  tntc 
that  Refines  the  series  itself,  by  its  gentral  term,  showing 
the  rclalionof  the  terms  generally  by  their  distances  from 
the  beginning,  or  by  dtfierential  equations.  To  do  this, 
Mr.  Stirling  conceives  the  terms  of  the  series  to  be  placed 
an  so  many  ordinates  on  a  right  line  given  by  position, 
taking  unity  as  the  common  interval  between  these  ordi> 
lly  dilTeient  from  The  true  riates.  The  terms  of  the  series  he  denotes  by  the  initial 
much  above  it,  as  the  other  letters  of  the  alphabet,  a,  b,  c,  d,  &c;  a  t>eing  the  first, 
B  the  2J,  c  the  3d,  he  :  and  he  denotes  any  term  in  ge< 
iieral  by  the  letter  T,  and  the  rest  following  it  in  order  by 
t',  t",  t'",  t"",  iic  i  also  the  diitaiice  of  the  term  t  from 
any  given  term,  or  from  any  gii-en  intermediate  point  be- 
tween two  terms,  be  denotes  by  the  indeterminate  quanti^ 
i  :  so  that  the  distance*  of  tbe  terms  t',  t",  ¥",  6cc,  from' 
the  said  term  or  point,  will  be  i  +  f,  1:  +  2,  i  +  3,  &c) 
because  the  incremeot  of  the  absciM  is  the  common  in* 
of  the  series,  applied  to 


the  first  term  I  is  too  great, 

two  terms  1  —  1   =  0  are  too  little, 

three  terms  I  —  1    +    1   =  1  too  great, 

four  terms  1  —  l    +    l~l»Otoo  little, 
and  so  on  continually,  the  successive  sums  being  alter- 
nately 1  and  0,  which  are 
value  or  radix  |,  the  one  1 
below  it.' 

A  series  may  be  terminated  and  rendered  finite,  and 
accurately  equal  to  its  radix,  by  assuming  the  supple- 
ment or  remainder,  after  any  particular  term,  and  com- 
bining it  with  the  foregoing  terms.  So,  in  the  series  \  — 
i  ■*■  i  —  -rs  ^'^>  "'hich  is  equal  to  },  and  found  by 
dividing  1  by  2  +  1,  after  the  first  term,  j,  of  the  quo- 
tient, the  remainder  is  —  i,  which  divided  by  2  +  1,  or 

3,  gives  —  ^  for  the  supplement,  which  being  combined     lerval  of  the  ofdinales,  or 
with  the  first  term  |,  gives  |  —  i  s  i  the  true  sum  of    the  absciss. 
Vol.  II. 
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These  thiogi  being  pretniwd,  let  thJt  serin  be  proposctl, 
»i«,  I,  fx,  |x%  ■^s',  ^Vi^t  i^'S  *f<^i  *"  which  it  m 
found,  by  dividing  ihe  terms  by  eacb  oilier,  tbftC  tbe  rela- 
tions of  the  terim  are, 

B  —  (ax,  c  a  |Bf ,  o  »  -^Gi:,  E  =  j-Dx,  &c ;  then  the 
relation  in  generai    will    be  defined   by   the    equatioa 

r'  =   °*  ^  -  TT  or  - — ^Tr,  wberez  denotes  the  distance 

n  +  a  ■  ♦  1 
of  T  from  tbe  first  term  of  the  series.  For  by  substituting 
O,  1,  3,  3,  4,  &c,  successively  instead  of  z,  the  same  nta- 
tions  will  arise  as  in  the  proposed  series  above.  In  like 
kaanner,  if  i  be  tte  distance  of  t  from  the  Sd  term  of  the 
series,  the  equation  will  be  t'  =  — tx  or ■  ti,  as 

will  appear  by  substituting  tbe  numbers  —  I,  0,  1,  S,  3* 
ficc,  successively  for  z.  Or,  if  z  denote  the  place  or  num- 
ber of  tbu  term  t  in  tbe  series,  its  successive  values  will 
b«  1,  2,  3,  4,  &C,  and  the  equation  or  general  term  will 
be  t"  =  -^-^TX, 

It  appears  therefore,  that  innumerable  differential  equa- 
tions may  define  one  and  the  same  series,  according  to  the 
difTereni  points  from  whence  the  origin  of  the  absciss  z  is 
taken.  Atid,  on  the  contrary,  the  same  equation  defines 
ionomerable  different  seijcsi,  by  taking  different  successive 
values  of*.  Forin  thcequation  if  =  — - — Tr,which  de« 
Jinci  the  foregoing  series  when  1,  2,  3,  4,  6cc  are  the  suo- 
cessive  values  of  the  abscisses;  if  1},  2{,  3^,  Hi  ^^i  ^ 
successively  substituted  for  z,  the  relations  of  the  terms 
arising  will  be,  a  =  \ai,  c  —  ^bj  d  =  tcx.  Sic,  from 
whence  will  arise  the  series  a,  |Ar,  ^aI*,  tj-**',  fTT***' 
ifc,  which  is  different  from  the  former. 

And  thus  the  equation  will  always  determine  the  serie* 
from  the  given  values  of  the  absciss  and  of  the  first  term, 
wLen  tbe  equation  includes  but  two  terms  of  tbe  series,  ak 
in  the  last, example,  wUefe  the  first  term  being  given,  all 
the  rest  will  be  given. 

But  when  tbe  equation  includes  tlifee  terms,  then  tvo 
must  be  given  ;  and  three  must  be  given,  when  it  includes 
/our  ;  and  so  on.  So,  if  there  be  proposed  the  series  x, 
Jj;';  ^t',  t*t*'j  Tii'^''  ''*■•  "liere  the  relations  of  tbe 
terms  are,  b  =  "^*'''  ^  ^  — bx',  d  =  gi-cj',6[c,lhe 
eqaation  defining  this  series  will  be 

ai.  (31  +1)  4iz  +  9X  ' 

successive  values  of  z  arel,  2,  3,  4,  &c.  See  Stirling's 
Methodus  Differentialis,  in  tbe  introduclion. 

This  may  suffice  to  give  a  notion  of  these  differential 
Aquations,  defining  the  nature  of  series.  But  as  to  the  ap- 
plication of  these  equations  in  interpolations,  and  findmg 
the  sums  of  series,  it  Would  require  a  treatise  to  explaiu 
it.  We  must  therefore  refer  to  that  excellent  one  just 
quoted,  as  also  to  Deraoivre's  Miscellanea  Analytica ; 
fcnd  several  curious  pa{ien  by  Euler  in  the  Acta  Petropo- 
litana. 

A  serin  often  converges  so  slowly,  «§  to  be  of  no  use  ia 
practice.     Thus,  if  it  were  required  to  find  the  sum  of  the 

•""^  77^  ■*-  T.*  ■*•  h  ■*■  Ti  -*-  ~^iV  ^  ""^"^  ^°'^ 
-Bronncker  found  for  the  quadrature  of  the  hyperbola,  true 
to  9  figures,  by  the  mere  addition  of  the  terms  of  the  le- 
riea  ;  Mr.  Stirling  computes  that  it  would  be  necessary  to 
add  a  thousand  millions  of  terms  for  that  purpose;  for 
which  the  life  of  man  would  be  too  short.    Bat  by  tlwt 


re    ]  S  E  R  , 

gentleman's  method,  tfaesnm  of  the  series  may  be  found  by 
avery  moderate  computation.  See  Method.  DiSer,  pa.K6. 
.    Serit-s  are  of  various  kinds  or  dencriptions.     So, 

AniismuJti^SKBIES,  isonein  which  the  powers  of  tbe 
iodeterrainatc  quantity  increase;  as  1  +  as  -^  bx'  -t-  cv* 
fiic.     ATid  a 

Dactruiing  Sekibb,  is  one  in  which  tbe  powers  decrease, 
or  else  increase  in  the  denominators,  which  is  the  same 
thing;  as 

I  -f-  nr-  +  t*-'  -I-  ci:-*  Ac,  or  I  +  ^  t-  ~  +  ^  Stc. 

A  (Srcviar  Sebies,  which  denotes!  a  series  whow  sum 
depends  on  the  quadrature  of  the  circle.  Such  is  the  se- 
ries  I  -  4  ••-  4  -  f  +  i  &c  :  See  Demoivre  Miscel. 
Aualyt.  pa.  Ill,  or  my  Mensur.  pa.  11 9.  Orlbcsam  of 
the  series  i-^J-^■;^-^^-^  &c,  conlinucd  ad  in- 
finitum, according  to  Euler's  discovery. 

ConttTmed  Fraetioti  or  Series,  is  a  fluction  of  this  kind, 
to  infinity,  a 


/t 


A&c. 


^e  first  series  of  this  kind  was  ^ven  by  lord  Bronncker, 
tint  president  of  die  Royal  Society,  for  the  quadrature  of 
the  circle,  as  related  by  Dr.WaiKs,  in  his  Algebra,  pa.  317. 
His  series  is, 

1  -*-        I 


which  denotes  tbe  ratSe  of  the  square  of  the  diameter  ofa 
circle  to  its  area.  Mr.  Enler  faas  treated  on  this  kind  of 
series,  in  the  Peteniburg  Commentaries,  vol.11,  and  in  bis 
Analys.  Infinit.  vol.  1,  pa.  995,  wberc  he  shows  various 
uses  of  it,  and  bow  to  transform  ordinary  fractions  and 
common  series  into  continued  fractions.  A  common  frac- 
tion is  transformed  into  a  continned  one,  after  tbe  manner 
of  seeking  tbe  greatest  convnoo  measure  of  tbe  numerator  -, 
and  denominator,  by  dividii^  the  gteater  by  the  less,  and 
the  last  divisor  always  by  the  last  remainder.  Thus  to 
change  -^^^  to  a  continued  fraction. 
59  )  1461  (  34 
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this  form  of  the  series 

-that 
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«rc applied  to  fcoy  useful  purpoB«  J  thay  rautf  firttbere-     be  unity,  the  wHm  ii  niil  to  lio  iteterinHn>d  by  unilyr 
4ucad  to  a  series  of  converging  fractions,  which  witt  be     Pt^inoirre,  Miicd.  Analyt.  pn,  ]  1 1, 
finite  when  the  radix  u  rational,  but  infiuite  when  the  n>         Jndtlei-mmaie  Sekikh  is  one  whose  terras  pro^d  by 

the  powers  of  an  iudeteriuinite  quintity  i;  " 


dix  is  a  surd.     The  rule  for  perfarautiK  this  is  as  follows. 


Having  divide  one  nuniiter  by  a 
leclcd,  till   nothing  remains,  plac 


other,  as  tbo*e  di-     j  +  ^r'  -t-  ^j 
I  ihe  quotients  thus    terminate  cKponenl 


ix'  &C ; 


arisiug  in  one  boriBonUl  line,  in  the  order  in  which  they 
were  obtained,  proceeding  from  l^ft  to  right.  Tben  the 
fint  fraciioD  will  have  t  for  its  numerator,  and  the  first 
quotient  figure  for  its  denominator.  Thesecoad  fraction 
wtU  have  the  aecond  qnotieat  figure  fur  its  nuaerator ; 
and  for  iti  deaoininator,  tbt  product  of  the  fint-denoni- 
nator,  and  the  uid  quotient  plus  1. 

And  all  the  other  termi  will  then  be  found  as  follows. 
For  the  numerator,  multiply  the  numerator  already  found 
by  the  next  quotient  figure,  and  to  the  product  add  the 
preceding  numerator,  which  will  form  the  new  nuraeratorl 
And  the  denominators  are  obtained  ia  exaciiy  the  same 
manner. 

Thus,  to  reduce  tiie  a)vn>e  ooatinned  fraction  to  a  series 
of  converging  fractions,  we  have 

Quotients         S*,     I,      S,         4,        1,         3. 
Converging  >  ,^      ,,      „ 
fractions  j  ^ '     * '     *  ' 
.  A  surd  'quantity,  sud)  as  ^19, 
of  conver^ng  fractions,  which  will  l. 
umilar  manner,  after  die  series  of  qaotieuts  p,  p",  g",  gf", 
&c  is  obtained,  which  is  done  by  taking  out  the  greatest 
square,  tben  the  next  greatest,  and  so  on,  thu 


r  inde termini 


■a  also  with  inde- 
>effici(> 


is  redtieed  to  a  series 
n  to  infinity, 


yiq  - 


The  FoHH  <if  a  Seri  es,  is  used  for  that  afiitction  of  an 
indeterminate  series,  »^ch  as 

«■*  +  fc/  *  ^  -^  „-  ^^^  ^  rf/  +  "'  &,,  „hich  arises 
from  the  different  values  of  the  indices  of  x.     Thus, 
If  »  =  1,  and  r  =  I,  the  aeries  will  taite  the  form 

«*  t-  ij'  H-  cr3  -(-  dx'  &c. 
If  n  s  1,  and  r  s  2,  the  form  will  be 

or  +  6x'  -t-  ex'  -•-  dtp  Sec, 
If  It  =  i,  and  r  =  I,  the  form  is 

ax*  +  ir^  +  ex*  +  dji  &c.     And 
If «  =  O,  and  r  =  -  !,  the  form  will  be 

a  •*-  far'  -».  «-•  -^  (tr^»  Sec. 
When  the  value  of  a  quantity  cannot  be  found  exactly* 
it  is  of  use  in  algebra,  as  well  as  in  common  arithmetic) 
to  seek  an  approximate  value  of  that  quantity,  which  may 
be  usefiil  in  practice.  Thus,  in  arithmetic,  as  the  true 
value  of  the  square  root  of  2  cannot  be  assigned,  a  de- 
cimal fraction  is  found  to  a  sufficient  degree  of  exactness 
in  any  particular  case;  which  decim^  fraction  is  in 
reality,  no  more  than  an  infinite  series  qf  fractions  con- 
verging or  approximating  to  the  true  value  of  the  root 
sought.  For  the  expression  ^2  =  1-+H213  &c,  is 
equivalent  to  this  ^2  =  I  +  A  +  tAb  +  WW  &c  j 
or  supposing  x  =  10,  to  this 


?'"  = 

f   - 


^19  + 


^2  = 


ji&C. 
I-  +X-'  +  X-'  H-  4jr*  ■+■  QjT*  Sec, 


v''9 


^19- 


^„   __  _       1  __     t/t9* 

^        ~   V19-*      ~  3 

So  that  the  quotients  are 


2  -f- 


2  ■*■ 


2   8  3; 


-  8  which  last  series  is  a  particular  case  of  the  more  genets! 

'_  indeterminate  series  a*"  -»-  bx'  "*" '  +  ex"  "*"     &c,  via, 

— %  when  n=:  0,  r  a  —  1,  and  tkecocfGcieatsa  =  I,  As  4, 

_  ,  c  ==  1,  rf  =3  4,  &c. 

r-—  But  the  application  of  the  notion  of  approximations 

_  4  in  numbers,  to  species,  or  to-algebra,  istiot  so  obvious. 

Newton,  with  his  usual  sagacity,  took  the  hint,  and  pro- 
secuted  it;  by  which  were  discovered  general  methods 
in  the  doctrine  of  infinite  series,  which  Itad  before  been 
treated  only  in  a  particular  manner,  though  with  great 
>  l,&c.  BCutencss,  by  Wailis  and  a  few  others.  See  Newton's 
Converging?  f  ,  „  ,i  tt  trr  bcK  f  v.-  t,  Me'^'od  of  Fluxions  and  In6oite. Series,  with  C-olsun's 
fiMtionsJT'  T.  y.  TT.  T*.  «c.  eacQ  O' wnicn  Comment;  as  also  the  Analysis  per  ^quatiouM  Numero 
fractions  approximates  towards  they' J9;  dififaringfirom  Termioorum'lnfinitas,  publi^ed  by  Jones  in  l/il,  and 
the  common  series  in  this,  that  in  those,  it  is  the  sum  of  since  translated  and  explained  by  Stewart,  together  with 
all  the  terms  that  gives  the  approximate  value  of  tke  radix,  Newton's  Tract  on  Quadratures,  in  1745.  To  these  may 
whereas  in  this  each  terra,  singularly,  approaches  towards  be  added  &I acl a urin's  Algebra,  part.  S,  chap.  10,  pa.  344; 
the  value  of  the  radical.  and  Cramer's  Analyse  dee  Lignes  Courbes  Algebmiques, 

Conoergmg  Sbkibb,  is  a  series  whose  terms  continually     chap.  7t  pa.  148;  and  many  other  authors. 
decrease,  or  the  successive  sums  «f  whose  terms  approxi-         Among  the  various  methods  for  determinating  the  valua 
mate  or  converge  always  nearer  to  the  ultjinaie  sum  of    of  a  quantity  by  a  converging  series,  tbat  seems  preferahla 
the  whole  series.     And,  on  the  contrary,  a  to  the  rest,  which  consists  in  assuming  an  indeterminate 

Diverging  Series,  is  one  whose  terms  continually  in-  series  as  equal  to  the  quantity  whose  value  is  sought,  and 
crease,  or  tbat  has  the  successive  sums  of  its  terms  di-  afterwards  determining  the  values  of  the  terms  of  this  as- 
verging,  or  going  US' always  the  &rther,  from  the  sum  or  sumrd  series.  For  instance,  suppose  a  logarithm  were 
value  of  the  series.  given,  to  find  the  natural  number  answering  to  iL     Sup- 

Determnate  Series,  is  a  series  whose  terms  proceed  pose  the  logarithm  to  be  s,  and  the  corresponding  number 
.  by  the  powers  of  a  determinate  quantity ;  as         ^  sought  1  -»-  x  :  then  by  the  nature  of  logari^ms  and 

l-»--+-j--h—  +  &C.    If  tfaMdctenninateqiutDti^    fluxions,  x  =  j-v^i  oi  i  ■*•  si  =!  i.     Now  assume  a 
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Krin  for  the  vnlnc  of  the  unknown  qumntily  x,  and  snb-  recourae  to  the  fint  principlm  of  the  methcH)  of  infinite 
tlitute  it  and  iti  fluxion  inttead  of  a  and  i  in  the  lut  scricB,  and  has  entered  into  a  more  exact  and  instructive ' 
eqnatioD,  then  determine  the  umtoed  coefficients,  by  detail  of  the  whole  method,  than  ts  to  be  met  with  else- 
comparing  or  equating  the  like  terms  of  the  equation,  where;  for  which  reuoA,  and  many  otbera,  his  treatise 
Thus,  deserves  to  be  particalarly  recommended  to  brginnen. 
assume  r  =  as  -t-  61*  +  «•  +  dz*  4c,  See  also  my  Tracts,  v.  3,  p.  369,  for  an  easy  method  of 
then  X  saoK  ■+■  Sbti  -t-  3et?i  ■*■  td^i  &c  ;  determining  the  exponenu  in  the  assumed  indeterminate 
and       X  =  (k  -H  ari)  ax-*-  ati  -*■  bt'i  t-  c^k,  &c ;  serirs. 

hence,  comparing  the  like  terms  of  these  two  values  of  s.  But  it  is  to  be  observed,  that  in  determining  the  value 

there  arises  a  =  1,  b  ^  \,  c  =  i,  d=i  ^,  SiC;  which  of  a  quantity  by  a  converging  series,  it  is  not  always  ne- 

valuet  being  subslitut<^  for  a,  b,  c,  &c,  in  the  assumed  cessary  to  have  recourse  to  an  indeterminate  series :  for  it 

■eriei  ax  ■*■  bi*  +  ci^  kc,  it  give*  is  often  better  to  find  it  by  division,  or  hy  exEraction  of 

xsc-»-)z'-»-^-*-  ^*  -c  TTS^'r  &<^r  Of  roots.     See  Newton'i  Meth.  of  Flux,  and  Inf.  Scries,  above 

I  =a+    I4' -•-  ..  '—It'    +  L-«'    +       ^      ,1  j(c-  "**■*■     11'"»> 'f'*  "ere  required  to  find  the  arc  of  a  circle 

1.3          i.t^           i.t.3.4            I.9.3.4.S            '  from  its  tangent  being  given,  that  is,  to  find  the  value  of 

and  conseqnentiv  the  number  sought  will  be  ,■-.•.        a     ■       ,                               » 

1  4-  r  _.  1  ^  8  ^  f  j«  +  1  r»  &c.  it  m  the  given  fluxional  equation,  x  =  j-^-^  by  an  m- 

But  the  indetermittate  aerie*  at  •*■  bt'  -t-  «*  &g,  wu  finite  series :  dividing  r  by  1  -1-  rx,  the  quotient  will  be 

here  assumed  arbitrarily,  with  r^ard  to  its  exponents  1,  the  series  x  —  x*x  ■*■  x*x  ~  i^x  &c  ^  k|  and  taking  the 

2,  3,  &c,  which  will  not  succeed  in  all  cases,  because  fluents  of  the  terms,  there  results  e  ^  x  —  jz'  -i-  4^'  -. 

some  quantities  require  other  forms  for  the  exponents,  fc^  &g,  which  is  the  series  often  used  for  the  quadra- 

For  instance,  if  from  a  given  arc,  it  were  required  to  find  ture  of  the  circle.     If  *  =  1,  or  the  tangent  of  43°,  then 

the  tangent.     Making  x  =:  the  tangent,  and  z  =:  arc,  will  i  s  I  —  j  -t-  .{  —  ^  &c  =  the  length  of  an  arc  of 

the  radius  being  :=  1.     I'hen,   from  the  nature  of  the  45°,  or  f  of  the  circumference,  to  the  radius  I,  or  |  of 

Circle  we  shall  have  -*     =  «.  or  i  =  i  h- ^i.    Now  **  circumference  to  the  diameter  1.    Con.equ.mly,  if  I 

1*1*^  be  the  diameter,  then  l—i-^-f-  —  J^&c  will  be  the  area 

if,  to  find  the  value  of  x,  we  suppose  x  =  «  -t-  h*  -f-  «'  of  the  circle,  because  i  of  the  circumference  multiplied 

&c,  and  proceed  as  before,  wc  shall. find  all  the  alternate  by  the  diameter,  gives  the  area  of  the  circle.     I'his  series 

coefficients  4,  d,  f,  &c,  or  those  of  the  even  powers  of  i,  «as  first  given  by  Leibnita  and  James  Grqiory, 

to  be  each  =  0;  and  therefore  the  series  assumed  is  not  gee  the  form  of  the  series  for  the  binomial  theorem, 

of  a  proper  form.     Bot  making  x  =:  ae  -t-  6**  +  c«'  -t-  determinoj,  both  as  to  the  coefficients  and  exponents,  in 

,  dif,  &c,  then  we  find  o  =  1.  i  =  i,  c  =  ^,  i  =  ^,  my  Tracts,  vol.  1,  pa.  288. 

Sic,  and  consequently  x  =  «  -t-  ie*    +  ^'    +    ^^'  HarmoHtcal  Series,  the  reciprocal  of  arithmeticalii. 

6cc.     And  other 'quantities  require  other  forms  of  series.  See  Hakmoniui.. 

Now  to  find  a  proper  indeterminate  series  in  all  cases,  Hyperbolic  Sebibs,  is  used  for  a  series  whose  sum  de- 

tentatively,  would  often  be  very  laborious,  and  even  im-  pends  on  the  qwdrature  of  the  hyperbola.     Such  is  the 

practicable.     Mathematicians  have  therefore  endeavoured  series  t  -^  i  -•-}-•-  i  Stc.     Demoivre's  Miscel.  AnaWt. 

to  find  out  a  general  rule  for  ibis  purpose  ;  ihou^  till  pa.  m. 

lately  the  method  has  been  but  imperfectly  understood  Interpolation  <if  Sekies,  the  inserting  of  some  terms 
and  delivered.     Most  authors  indeed  have  explained  the  between  others,  &:c.     See  Imtespolatioh. 
manner  of  finding  the  coefficients  a,  b,  c,  d,  tkc,  of  the  laUrmxndent  Series.     See  Imtekscek  hent. 
indeterminate  scries  ox"  +  ftx""^  '  +  ex"  "^  ^  &c,  ^«'  Series,  one  whose  sum  depends  partly  on  the 
wych  is  easy  enough  ;  but  ilie  values  of  n  andr,  in  which  qu^""'""  of  the  circle,  and  partly  on  that  of  the  hyper- 
tlie  chief  difficulty  lies,  have  been  assigned  by  many  in  a  '"'"•     Demoivre,  Miscel.  Analyt.  pa.  111. 
manner  as  if  they  were  self-evident,  or  at  least  discover-  .««wr,«y  Series,  is  i/sed  for  a  series  which  is  so  con- 
able  by  an  easy  trial  or  two,  as  in  the  last  example.  stituted,  that  having  taken  at  pleasure  any  number  of  its 
As  to  the  number  n,  Newton  himself  has  shown  the  """f-  ^^^  following  term  shall  be  related  to  the  same 
method  of  determining  it,  by  his  rule  for  finding  the  first  ".""berof  preceding  terms  by  some  constant  law  of  rela- 
term  of  a  converging  series,  by  the  application  of  his  pa-  "«>■     Thus,  in  the  following  series, 
rallelogrsmand  ruler.     For  the  particularsofthiamethod,  abed            e            / 
see  the  authors  above  cited  ;  see  also  Far  alleloorak.  '  -^  2x  +  Sx"  -•-  lOi*  -*-  S+x*  -i-  97x'  &c, 

Taylor,  in  his  Metbodus  Incremenlorum,  investigates  in  which  the  terms  being  respectively  represented  by  the 

the  number  r;  but  Stirling  observes  that  his  rule  some-  letters  a,  b,  e,  &.c,  set  over  them,  we  shall  have 

times  fails.     Line*  Tert.  Ordin.  Newton,  pa.  28.     Mr.  rf  =t  3cx  -  2fcr»  +  Jax», 

Stirling  gives  a  correction  of  Taylor's  rule,  but  says  he  e  zz  Sds  —  2cx'  -*-  5bi\ 

cannot  aflirm  it  to  be  univeisal,  having  only  found  it  by  /  =  Sac  —  2di*  -t-  5cx*, 

chance.     And  again,  '            &c,  &c, 

Gfavesande  observes,  that  though  he  thinks  Stirling's    where  it  is  evident  that  the  law  of  relation  between  (f  andr, 

rule  never  leads  into  an  error,  yet  that  it  is  not  perfect,  is  the  same  as  between  e  and/,  each  being  formed  in  the 

See  Gravesande,  De    Determin.    Form.   Seriei    Infinit.  same  manner  from  the  three  terms  which  precede  it  in  the 

printed  at  the  end  of  his  Mathcseos  Universalis  Elementa.  series. 

This  learned  professor  has  endeavoured  10  rectify  the  rule.  The  quantities  3i  —  2x'  +  5i*,  taken  together  and 

But  Cramer  has  shown  that  it  is  still  defective  in  several  connected  by  their  proper  signs,    form  what  Demoivre 

respects;  and  he  himself,  to  avoid  the  inconveniences  to  calls  the  index,  or  the  scale  of  relation;  thougli  sometimea 

which  the  methods  of  former  authors  arc  subject,  has  had  the  bare  coeflScicDts  3  —  2  -4-  5  are  called  the  scale  of 
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-  Klation.  And  ihe  scale  of  relation  sublnctedfVom  unity, 
it  catled  the  differential  scale.  On  ibe  tabject  of  Recur- 
ring  Series,  u-c  Dernuivre's  Miscel.  Andyt.  pa.  37  and 
72,  and  his  Doctrine  of  Chances,  Sd  edit.  pa.  2S0;  also 
Eiiler's  Analys.  InSnit.  torn.  1,  pa,  175. 

Having  given  ■  recurring  aeries,  with  its  scale  of  rela- 
tion, the  sum  of  the  whole  inlinite  s«ries  will  nlsobe 
given.  For  instance,  suppose  a  series  a  ■*■  bx  -*■  cr*  -t- 
dx'  &c,  where  the  relation  between  the  coefficient  of  any 
term  and  the  coefficients  of  any  two  preceding  terms  may 
beexpreitsed  by/— jr;  that  is,  e  =/J  —  j^,  and'rf^^c 
— ^,  &c;  then  will  the  sum  of  the  Ml-ies,  infinitely  c<m- 
tinned,  be  "-ii^Z^^. 

Thus,  for  example,  assume  2  and  5  for  the  coefficients 
of  tbe  first  two  terms  of  a  recurring  series  j  and  suppose 
/and  j  to  be  respectively  2  and  1 ;  then  the  recurring 

a  +  6i  +  8**  -*-  llr*  +  14*'  •¥■  17i*  4c, 


■■ -z.    For  the  proof  of     which  is 

bich  divide  2  -*-  «  by  ( I  —  ly,  and  there  arises  tbe  said 
St-t-Sx  ■*■  8r*-4-llz'&c.    And  similarrulesmight 


I    J  S  B  R 

A  Tecurring  series  being  given,  ibe  sum  of  any  Snitt 
number  of  the  term*  of  that  series  may  be  found.  This  is 
prob.3,  pB.73,  Demoivre's  Miscel.  Analyt.  and  prob.A, 
pa.  233  >>f  of  his  Doctrine  vf  Chances.  The  solution  is 
effected,  by  taking  the  diSereiice  between  the  sums  of  two 
infinite  series,  diSering  by  the  terms  answering  to  the  giren 
number  ;  via,  from  the  sum  of  the  whole  infinite  >eries> 
commencing  from  lh«  beginning,  subtract  tbe  sum  of 
another  infinite  numtwr  of  terms  of  the  same  series,  cum- 
mcnclDg  after  so  many  uf  the  first  terms  whose  sum  is  re- 
quired  ;  and  the  difference  will  evidently  be  the  sum  of 
that  number  of  terms  of  the  series.  For  example,  to  find 
the  sum  of  n  terms   of  tbe  infinite  geometrical   series- 

the  one  beginning  with  a,  and  the  other  with  ai\  which 
is  tbe  next  term  after  the  first  ■>  terms  of  the  original  series. 
By  the  rule,  the  sum  of  the  first  infinite  progression  will  be 

,  and  the  sum  of  the  second  -rZTi  •  '''^  diflerence  of 

,  which  is  therefore  tbe  loro  of  the  first 


be  derived  for  more  complex 

Demoivre's  general  rule  is  this:  1.  Take  as  many 
terms  of  tbe  series  as  there  are  parts  in  the  scale  of  rela- 
tion, i.  Subtract  the  scale  of  relation  from  unity,  and  the 
remainder  is  tbe  differential  scale.  3.  Multiply  the  terms 
taken  in  the  series  by  the  diflferential  scale,  beginning  at 
unity,  and  so  proceeding  orderly,  remembering  to  leave 
out  what  would  naturally  be  extended- beyond  the  last  of 
the  terms  taken.  Then  will  the  product  be  the  uutnerator, 
and  the  differential  scale  will  be  the  denominator  of  the 
fraction  expressing  the  sum  required. 

But  it  must  here  be  observed,  that  when  the  sum  of  a 
recurring  series  extended  to  infinity,  is  found  by  De- 
moivre's rule,  it  ought  to  be  supposed  that  the  series  con- 
verges indefinitely,  that  is,  that  the  terms  may  become 
leM  than  any  assigned  tjuantiiy.  For  if  the  series  diverge, 
that  is,  if  its  terms  continually  increase,  the  rule  docs  not 
give  the  true  sum.  For  the  sum  in  such  case  is-infinite, 
or  greater  than  any  given  qaaniity,  whereas  tbe  turn  ex- 
hibited by  the  rule,  will  often  be  finite.  Ttte  rul«  there- 
fore in  this  case  only  gives  a  fraction  expressing  the  radix 
of  the  series,  by  tbe  expansion  of  which  tte  series  is  pro- 


duced.    Thus  T ;  by  expansion  becomes  the  recur- 

ring  series  I  -t-  2r  -^  3x   &c,  whose  scale  of  retatioti  is 
S  —  I,  and  its  surn   by  the  rule  will   be 
'   ■   ^  -fax  1  +  ai  -  a*  i  . 

=■ ^  ,,    tbe    quantity 

But  this  quantity 


i-/i  +  gii         J  -  ai- 
from  which  tbe  aeries 

not  in  all  cases  be  deemed  equal  to  the  infinite  series 
I  H-  2i  -»■.  3x'  &c ;  for  stop  where  you  will,  there  will 
always  want  a  supplement  to  make  the  product  of  the 
quotient  by  the  divisor  equal  to  the  dividend.  Indeed 
when  the  series  converges  infinitely, the  supplement,  dimi- 
nishing continually,  becomes  less  than  any  assignable 
quantity,  or  equal  to  nothing;  but  in  a  diverging  scries, 
tjib  supplement  becomes  infinitely  great,  and  the  series 
deviates  indefinitely  from  tbe  truth.  See  Colsou's  Com- 
ment on  Newton's  Method  of  Fluxions  and  Infinite  Series, 
pa.  152;  Stirling's  Method.  Differ,  pa.  36;  Bernoulli  de 
Serieb.  Infin.  pa.  249  J  "and  Cramer's  Analyse  des  Ligncs 
Cuuibes,  pa.  174.. 


ft  terms  of  the  scries.  This  quantity 
Y;.  j'  '•  «qual  to  -—7—,  which  last  expression,  putting 
ax'-'  =  /,  will  be' equivalent  to  this,  -£■  °,  which  is 
the  common  rule  for  finding  the. sum  of  any  geometric 
progression,  having  ^vcn  the  first  lerni  a,  the  last  term /, 
and  the  ratio  x.     See  Miscel.  Analyt.  pa.  167,  ]68. 

fn  a  recurring  series,  any  term  may  be  obtained  whose 
place  is  assigned.  For  after  having  taken  eo  many  terras 
of  the  series  as  there  are  terms  in  the  scale  of  relation,  the 
series  may  be  protracted  till  it  reach  the  place  assigned. 
But  when  that  place  is  very  distant  from  the  beginning  of 
the  series,  the  continuing  tbe  rerms  is  very  laborious ;  and 
therefore  other  methods  have  b*en  conirived.  See  Miscel. 
Analyt.  pa.  33,  and  Doctrine  of  Chances,  pa.  334. 

These  questions  have  been  restilved  in  many  cases,  be- 
sides those  of  recurring  series.  But  as  there  is  no  univer- 
bbL  method  for  the  quadrature  of  curves,  mother  is  there 
one  for  the  summation  of  series;,  indeed  there  isa  great 
analogy  between  these  things,  and  similar  difficulties  ari^s 
in  both.     See  the  authors  above  cited. 

The  investigation  uf  Daniel  Bernoulli's  method  for  find- 
ing the  roots  of  algebraic  equations,,  which  is  inserted  in' 
the  Petersburg  Acts,  torn. 3,  pa.  92,  depends  on  the  doc- 
trine of  recurring  scries.  See  hauler's  Analysis  Infiiiiiorum, 
torn.  1,  pa.  276. 

Reversion  ij/'SEarK*.     Si-c  Reversion  t^ Serie*. 

Sammahle  Seitits,  it  one  whose  sum  can  be  accuralely 
found..  Such  U  the  series  )  +  |  +  j.  Aic,  the  sura  o£ 
which  is  said  to  be  unity,  or  to  speak  more  accurately, 
the  limit  of  its  sum  is  unity  or  I. 

An  indefinite  number  of  sumraable  infinite  series  may. 
be  assigned  :  such  are,  for  iustanee,  all  infinite  recurring 
converging  series,  and  many  others,  for  which,,  consult 
Demoivre,  Bernoullf,  Stirling,  Euler,  and  Maclaurin;. 
viz,  Miscel.  Analyt.  pa-  1 10;  De  Serieb.  Lnfinil.  passinx; 
Method.  DitTcrenl.  pa.34;,ActaPetrop.  passim;.  Fluxions,, 
art.  350. 

The  obtaining  the  suras  of  infinite  serieses,  of  fractions 
has  been  ooe  uf  the  principal  objects  of  the  modern  me- 
thod of  computation ;  and  these  sums  may  often  be  found,, 
and  someiimrs  not.  Thus  the  suras  of  tlie  two  following 
scries  uf  geometrical  prt^ressionab  are  easily  found  to  be- 


,  Google 


S  B  R 
1  and  i,  vii ,  l  =  4  -4-  {  ->■  ^ 


^&c. 


But  the  )eri(<s  ortractioni  that  occur  io  the  soloiiun  of 
pFoLltinii,  cao  seldom  be  reduced  to  geometric  pnigrea- 
sions;  nor  can  any  general  rule,  in  casei  to  infinitely 
various,  be  giTEn.     The  art  here, 


a    ]  S  E  S 

&c,  that  is,  the  product  of  the  squares  of  all  the  odd 
numbers  3,  5,  7,  9,  &c,  h  to  the  produce  of  the  same 
squares  sevemlly  diminished  by  unity,  as  the  square  of 
the  diameter  is  to  the  ar^-a  of  the  circle.  SeeAriihmet. 
inly  to  be  acquired  by  examples,  and  by  a  careful  ob-  lufi1ut.prop.i9i.  Oper.  vol.  1,  pa.46d.  Id.  Opcc.  vol. 3, 
servfttion  of  the  arts  used  by  great  authors 'in  the  investi--  pa.  S19>  And  these  products  of  fractions,  aud  the  like 
gation  of  sucb  series  of  fractions  as  they  have  considered,  quantities  arising  from  the  continued  multiplication  ufcer> 
And  the  general  methods  of  infinite  serii'S,  which  have  tain  factors,  have  been  particularly  considered  by  Euler, 
been  carried  so  far  by  Demoivre,  Stirling,  Kuler,  &c,  in  his  Analysis  Infiait.  vol.  1,  chap.  Lj,  pa.  321. 
tie  often  found  necessary  to  determine  the  sum  uf  For  an  easy  and  general  method  of  summing  all  alter- 
A  very  simple  series  of  fractions.  See  the  quotations  nate  series,  such  ua  —  b-t-c  —  d  itc,  see  my  Tracts, 
above.  vol.  I,  pa.  176;  and  in  the  same  vol.  may  bo  seen  many 

The  sum  of  a  series  of  fraclions,  though  decreasing  con-     other  curious  tracts  on  infinite  scries, 
tinually,  is  not  always  finite.    This  is  the  case  of  the  scries         Summatum  qf  lajmite  S^Rits,  is  the  finding  the  value  of 


h  -♦■4  "•■  T  "*"  i  "*"  j"  ^c,  which  is  the  harmonic  scries, 

consisting  of  the  reciprocals  of  urilhmeticais,  the  sum  of 

which  exceeds  any  given  number  whatever;  and  this  is 

shown  from  the  analogy  between  this  progression  and  the 

space  comprehended  by  the  co;iimun  hyperbola  and  its 

asymptote ;  though  the  same  may  be  shown  also  from  the 

nature  of  progressions.     See  James  Bernoulli,  de  Seriebus 

Infin.     But,  what  is  curious,  the  sura  of  the  squares  of 

its  terms  is  finite ;  for  if  the  same  terms  of  the  harmonic 

series,  -f  +  i  -•-  J  6tc,  be  squared,  forming  the  series     TiOM,  and  Puweb. 

T  •*-  i  -*■  s'  ^^1  being  'he  reciprocals  of  the  squares  of         Tivntcauiental  Serirs. 

the  natural  series  of  noiiil>ers;  the  sum  of  this  stries  of        There  a 


them,  or  the  radix  from  which  they  may  be  raised, 
which  consult  the  authors  upon  this  Science,  particularly 
Stirling,  and  Clark's  translation  of  Lorgna. 

To  find  an  infinite  series  by  extracting  of  roots ;  and  to 
find  an  infinite  series  by  a  presupposed  scries  ;  see  Qua- 
drature ^tA«Circb. 

To  extract  the  roots  of  an  infinite  series,  see  Extrac- 
tion ofRooii. 

an  infinite  series  to  any  power,  see  Involit. 


Sue  Trawbcendrrtai.. 
many  other  important  writinga  on  the  subject 


fractions  will  not  only  be  limited,  but  it  is  remarkable  of  Infinite  series,  besides  those  above  quoted.    A  very  good 

that  this  sum  will  be  precisely  equal  to  the  6th  part  of  the  elementary  tract  on  this  science  is  that  of  James  Bernuulti, 

number  which  expresses  the  ratio  of  the  square  of  the  cjr-  intituled,  Tractatus  de  Ser'rebus  Infinitis,  and  annexed  to 

cumference  of  a  circle  to  the  square  of  its  diameter.    That  ^'S  ArsConjectandi,  published  in  4I(i,  1713. 
is,  ifcdeiiote  3'1415p  &c,  the  ralioof  the  circumference         SERPENS,    in   Astronomy,   a    constellation    in    the 

to  the  diameter,  then  is  J  c'  =  ■}■  -t-  J  +  ^  +  -jV  -1-  -^  northern  bemispht-re,   being  one  of  the  48  old  constella- 

&c.    This  property  was  first  discovered  by  John  ficrnoutli;  tions  mentioned  by  all  the  aorients,  and  is. called  more 

and  his  investigation  may  be  seen  in  the  Acta  Pelrop.  vol.7.  particiilaHy  SerpensOphiucbi,  being  grasped  in  the  bands 

And  Maclaurin  has  since  observed,  that  this  may  easily  of  the  constellation  Ophiuchus,     The  Greeks,  in  their 

be  deduced  fror    "■--  "  -  -   '    """       "'   '       ""  *.ki=.   l..,.  „.,<.:u,  '  '  ._  .       .  . 


numb.  469. 


I  bis  Fluxions,  art.  822.     Philos.  Trans, 
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because  it  is  infinite,  a: 
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umerate  the  va- 

may  not  be 

■    either 


terms,  or  by  the  quadrature  of  the  circle  or  hyperbola, 
which  was  the  case  of  this' series  before  Enter's  discovervj 
but  yet  the  sum  of  any  given  number  of  the  terms  of  the 
series  may  be  expeditiously  found,  and  the  whole  sum  may 
be  assigned  by  approximation,  independent  of  the  circle. 
See  Stirling's  Method.  DiOcreiit.  and  Dc  Moivre's  Miscel, 
AnnlyL  Also  the  works  of  John  Bernoulli 
summed  Ihi 


Besides  the  scries  of  fractions,  the  sun 
Terge  to  a  certain  quantity,  there  sometimes  occur  others, 
which   converge  by  a  continued   multiplication.  ,  Of  this 
kind  is  the  series  fowid  by  Wallis,  for  the  quadrature  of 
the  circle,  which  he  expresses  thus. 


febles,  have  ascribed  it  sometimes  to  one  of  Triplolcmus 
dragons,  killed  by  Canubos  ;  and  sometimes  to  the'  ser- 
pent of  the  river  Segaris,  destroyed  by  Hercules.  This  is 
by  some  supposed  to  be  the  same  as  the  author  of  the 
book  of  Job  calls  the  Crooked  Serpent;  but  this  expres- 
sion more  prolwbly  meant  the  constellation  Draco,  jiear 
the  north  pole.— The  stars  in  the  cotniellation  Serpens, 
in  Ptolemy's  catalogue  are  16,  in  Tycho's  13,  in  Heve- 
lius's  ?2,  and  in  the  Britannic  catalogue  64. ' 

SEKPENTAIUUS,  a  constellation  of  the  northern  he- 
misphere, being  one  of  th;  4S  old  constellations  mention- 
ed by  all  the  ancients.  It  is  called  also  Ophiuchus,  "and 
anciently  jEsculapius.  It  is  in  the  figure  of  a  man  grasp- 
ing thu  serpent.  The  Greeks  had  different  fables,  about 
first  tb'^i  and  other  constellaiions,  because  they  were  ignorant 
true  meaning  of  them.     Some  of  them  say,  it  n 


where  the  character, D  denotes  the  ratio  of  the  square  of 
the  diameter  10  the  area  of  the  circle.     Hence  the  deno- 
minator of  this  fraction,  is  to  its  numerator',  both  infinitely 
continued,  as  the  circle  is  to  the  square  of  the  diameter,     cond 
It  may  further  be  observed  that  this  series  is  equivalent  to    tio ;  being  that 


of  which  con-  presents  Caniabos,  who  kilted  one  of  the  dragons  of  Trip- 
tolenius.  Others  say,  it  was  Hercules,  killing  the  ser- 
pent at  the  riviT  .Srgaris.  And  others  again  say,  it  repre- 
aenis  the  celebrated  physician  jEsculapius,  to  denote  his 
skill  in  medicine  in  curing  the  bite  of  the  serpent. 

The  stars  in  the  constellation  Serpentarius,  in  Ptole- 
my's catalogue  are  59,  in  Tycho's  I5,  in  Hevelius's  40, 
and  in  the  Britannic  catalogue  they  are  74. 
SERPENTINE  Une,  the  same  with  spiral. 
SESQUI^an  expression  of  a  certain  ratio,  viz,  the  sc- 
uf  inequality,  called  also  superparticular  ra- 
which  the  greater  term  contains  the 


Dij]i:.zeG  ay 
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leii  ODce,  and  some  certaia  part  over;  as  3  to  2,  wliere 
the  first  term  cwitaia*  ibe  tecaad  uaoe,  and  unity  over, 
which  is  a  quota  part  of  3.  Now  if  this  part  remaining 
be  just  half  the  Ins  term,  the  ratio  is  called  sesquialtcra  ; 
if  the  remaining  part  be  a  3d  part  of  the  less  term,  as  4  to 
3,  the  ratio  is  called  sesquitertia,  or  sesquiterza;  if  a 
4tb  purt,  as  5  Eo  4,  the  ratio  is  called  Msquiquaria;  and 
so  un  continually,  still  addrng  to  sesqui  the  ordinal  num- 
ber of  the  smaller  term.  In  English  we  sometimes  say, 
sesquialteral,  or  seaqoialierale,  tesquitfaird,  sestfuifourtbi 


SEVENTH,  S^MntM,  an  iuterrat  in  Music,  called  by 
the  Graeks  heptachordon. 

SEXAGENAKY,  sumelhing  relating  U»  the  number  60. 

Sexagehart  ArithiiMic.     See  Skkacesihai.. 

SxxAoxKAST  3ai/a,are  tables  of  proportional  parts, 
showing  Ibe  product  «f  two  sexagenaries  that  are  to  be 
multiplied,  or  the  quotient  of  two  that  are  lo  be  divided. 

SEXAGESIMA,  the  ei^ib  Sunday  bcfon;  Easter;  be- 
ing so  called  because  near  6o  days  be&^re  it. 

SEXAGESIMAL,  w  SKXAOXXAaT  Arithtuttie,  a  me- 


&c.     As  to  the  kinds  of  triples  expressed  by  tbe  panicle  tbod  of  computation  proceeding  by  foths.     Such  is  that 

sesqui,  they  are  these :  used  in  ihe  division  of  a  dcgfee  into  go  minutes,  of  the 

SESQUI  LA'I'EKATE,  tks  greater  perfect,  which  is  minute  into  6o  seconds,  of  th(?  second  into  $0  thirds,  &c. 
S  triple,  where  the    breve  is  three  neasarn,  or  sent-         f  he  Greelis  performed  many  of  tbair  calculations  by 

breves.  means  of  the  sexagesimal  divisiop  of  quantities,  particu- 

Sl8«WiALT£R*Tiv  greater  impeifcct,  which  is  where  '"'y  ''•e'''  divisions  and  extraction  of  roou.     This  me- 

tke  bre»e,  when  pointed,  contains  three  measures,  and  "f^'  though  very  laborious,  was  certainly  jir«ferable  V> 

without  any  point  two-  what  these  rules  would  have  bteji  in  their  common  nata- 

S«84»oiAi.TERATE, !«»  imperfect,  a  triple,  whete  the  l""'  "  ^''^y  »PP«"  ">  ^f^  ^  "<*  *''«'  ""  ''»'*?'  ''I'' 

semibrevL.  with  a  point  contains  tht«e  measures,  and  two  ™""  "»*"'"'  ■''""'  "^^^""^"B  °ne  figure  Vt  a  tune  m 
witho'it-  quotient  as  we  do.     TheGreeks  therefore  were  unoet 

c  '     1    .1.      .'        1  1-         .       •  the  necessity  of  finding  cither  by  trials,  or  otkerwise,  the 

Sew»,alt...t.,  m  Antlmelicna  Geonelr,,  »  .  ^^^  ^„,  ,„  ,*  j,„  pi,i„d.  ,h»  <L.  .hole  ,u»- 

ratio  between  two  nunihpr^.  i>r  line!>.&c.  wh(>rf>  ^hR  orpHtpr  .■      .      ^   -      ,         .  .     '^.     .  .  „       T. 


u  two  nuniben,  or  linei>,&c,  where  the  greater 
is  equal  tu  once  and  a  half  of  the  less,  'nius  6  and  9  are 
in  a  seaqaialtetate  ratio,  as  also  20  aud  30. 

SESQUIDITONE,  in  Music,  a  concord  resulting  from 
the  sounds  uf  two  strings  whose  vibrations,  in  equal  times, 
are  to  each  othtr  in  the  ratio  of  5  lo  6. 

SESQUI  DUPUC ATE  Ratio,  is  that  in  which  the 
greater  term  contains  the  less,  twice  and  a  half;  as  the 
ratio  of  15  to  6,  or  50  to  20. 

SESQU1QU\DRATE,  an  aspect  or  position  of  the 


See  No- 


tient  again  for  tba  second  period,  and  so  o 

SEXAGESIMALS,  or  Skxagesiiial  fVoctisM,  a>e 
fractions  whose  denomiflatoRi  proceed  in  a  sexagecuple 
ratio ;  that  is,  a  piinie,  or  the  first  niiuile  =  ^  a  se- 
cond ==  T^Dv<  ■"'^  tk'^  =  trAw  Anciently  thepa 
werejko  stber  than  sexagesimals  used  inastronomicalope- 
rationstfor which  reason  l bey  are  sometimes  cAl led  astrono- 
mical fractions,  and  they  are  still  retained  in  inaay  cases, 
as  in  the, divisions  of  lime  and  of  a  circle;  but  decimal 
planets,  when  they  are  distant  by  4  signs  and  a  half,  or  arithmetic  is  now  much  need  in  the  calculations,  ami  the 
135  degt'ees.  Francb  Itave  ^ittirely  discarded  the  sexageMm^  division, 

SESQUiQUINTILB,  is  an  aspect  of  the  planets  when  and  empkiyed  only  the  deoiroal,  an  improvement  in  atlro- 
they  are  distant  f  of  the  circle  and  a  balf^  or  108  de-  nemy  which  may  in  time  be  adopted  by  rother  nations, 
grees.  See  Dkgbee.— ^-xagesimaU  were  probably  fimt  used-for 

SESQUITERTIONAL  Prcporiion,  is  that  in  which  the  divisions  of  a  circle,  360,  or  €  tiroes  6o  roakii^  up 
the  greater  term  coptains  the  less  once  and  ime  third  ;  as  the  whole  circumference,  on  account  that  86o  days  made 
4  to  3,  or  12  to  9.  up  the  year  of  the  ancteals,  in  which  timethe  sun  was 

SETTING,  in  Astronomy,  the  siukii^  of  a  star  or  supposed  to  complete  his  course  in  the  circle  of  the 
planet  below  the  horiaon.  Astronomers  and  poets  count  ecliptic. — In  these  fractions,  the  denomiDator  being  al- 
three  different  kinds  of  setting  of  the  stars,  viz,  Acbro-  w^s  66,  or  a  multiple  of  it,  it.is  usually  omitted,  and 
mcAL,  CosKiCAL,  and  Hbliacal.  See  these  terms  the  numerator  only  set  down  :  Jhus,  3°  4y  24"  40'"  Jec, 
respectively.  is' to   be  read,  S  dt^rees,  4fi  minutes,    S4  seconds,  40 

Settimg,  in  Navigation,  Surveying,  3ic,  denotes  the     thirds,  &c. 
observing  the  bearing  or  situation  of  any  distant  object  by         SEXANGLE,  in  Geometry,  a  figure  having  6  angles, 
the  compass,  &c,  to  discover  the  angle  it  makes  with  the     and  consequently  6  sidee  also. 

"  SEXENARY  or  SxxTUFW&oie  of  Notation,  is  thai 


nearest  meridian,  or  with  some  other  line.  See  BkaR' 
iMO.  Thus,  Uitetiht  land,  or  th^wn,  by  the  compass, 
is  to  observe  how  the  land  bears  on  any  point  of  the  com- 
pass, or  on  what  point  of  the  compass  the  lun  is.  Also, 
when  two  ships  come  in  sight  of  each  other,  to  mark 


in  which  the  local  value  of  the  iligiB  increase  in  a  sixfdd 
proportion.    See  Scalb,  and  Nstatiok, 

SEXTANS,  a  sixth  part  of  eertain  things.    The  Ro- 
divided  their  at,  which  was  a  pound'of  braai,  i 


what  point  the  chaca  bean,  is  termed  Setting  the  cfaace  13  ounces,  called  uncia,  from  unum  ;  and  the  quantity 

by  the  compass.  of  2  ounces  was  called  sextans,  as  being  the  6th  part  of 

Settixh  also  denotes  the  direction  of  the  wind,  cur-  the  pound, 
rent,  or  sea,  particularly  of  the  two  latter.  Skxtahs  was  also  a  measure,   which   contained  2 

SEVEN  Stars,  a  common  denomination  given  to  tbe  ounces  of  liquor,  or  12  cyalhi.  . 
cluster  of  stars  in  tbe  neck  of  the  sign  Taurus,  the  bull,         Sixtams,  the  Sextant,  in  Astronmny,  a  new  constcl- 

properly  called  the  pleiades.    They  ate  so  called  from  lation,  placed  across  the  equator,  but  00  the  south  side 

their  number  seven  which  appear  to  the  naked  eye,  thoi^  of  the  ecliptic,  and    by  Hevelius  made  up  of  some  un- 

some  persons  can  discover  only  6  of  them  ;  but  by  the  formed  stars,  or  such  as  were  not  included  in  any  of  tbe 

help  of  telescopes  there  sppean  to  be  a  gceal  multitude  48  old  consteltalions.    in  H^velius's  catalogue  it  coutains 

of  them.  11  stars,  but  in  the  Britannic  catalogue  41. 
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TJEXTANTraenoto*  Aefith  pwt  of  a  circle,  or  an  arch  the  two  spheres,  c*  the  semidiamcter  of  the  larger,  «ml 

,  'Containing  6o  degrees.  oB  that  of  the  smaller,  buth  perpendicular  to  the  iUW. 

Sextant  is  more  particularly  u»ed  for  an  astronomical 
instrument.  It  is  made  like  a  quadrant,  excepting  that 
its  limb  only  contains  60  degrees.  Its  use  and  applica- 
tion are  the  same  with  those  of  the  Quadrant  ;  which 
see. 

SEXTARIOS,  an  ancient  Roman  measure,  containing 
2  cotvlse,  or  2  beminx. 

SEXTILE,  the  aspect  or  position  of  two  planets,  when  of  the  conical  shadow  sn,  whose  axis  is  db,  continued 

they  are  distant  the  tith  part  of  the  circle,  viz,  2  signs  or  to  c  j    and  draw  bo  parallel  to  the  same  axis.     Then, 

60  degrees;  and  it  is  mariied  thus  ^c.  the  two  triangles  aob  and  bdk  being  similar,  it  will  be 

SEXTUPLE,  denotes  6  fold  in  general.     But  in  music  ac  :  OB  or  CD  : :  »D  :  de,  that  is,   as   the  difference  of 

it  denotes  a  mixed  sort  of  triple  time,  which  is  beaten  in  the  semidiametets  is  to  the  distance  of  the  centres,  so  is 

double  time.  the  seraidiameter  of  the  opaque  sphere  to  the  axis  of  the 

SHADOW,  Shade,  m  Optics,  a  certain  space  deprived  ghadow,  or  the  distance  of  its  vertex  from  the  said  opaque 

of  light,  or  where  the  light  is  weakened  by  the  interposi-  gpbere. 

tion  of  some  opaque  body  before  the  luminary.     The  j-^x.  gr.  If  bd  =  1  be  the  semidiameler  of  the  earth, 

doctrine  of  shadows  makes  a.  considerable  article  in  op-  and  ac  =  101  the  mean  semidiameter  of  the  sua,  also 

tics,  astronomy,  aai  geography  ;  and  is  the  general  foun-  their  distance  cd  or  ob  =  24000  ;  then  as  100 :  24000 

datiun  of  dialling.     As  nothing  is  seen  but  by  light,  a  ;  ;  i  :  240=  de,  which  is  the  mean  height  of  the  earth's 

mere  shadow  is  invisible ;  and  therefore  when  we  tay  we  shadow,  in  scmidiameters  of  the  base, 

sec  a  shadow,  we  mean,  partly  that  we  see  bodies  placed  g,  Tq  gnd  the  length  of  the  shadow  ac  projected  by 

in  the  shadow,  and  illuminated  by  light  reflected  from  ^  opaque  body  ab  ;    having  given  the  altitude  of  the 
collateral  bodies,  and  partly  that  we  see  the  conBnes  of  ^  luminary,  for  ex.  of  the  sun,  above  the  faoriion,  ?ia,  the 

the  light.  angle  c,  and  the  height  of  the  object  ab.     Here  the  pio- 

When  the  opaque  body,  that  projects  the  shadow,  is  portion  is,  as  tang.  .LC  :  radius  : :  ab  :  ac. 

perpendicular  to  the  horixon,  and  the  plane  it  is  projected  Or,  if  the  length  of  the  shadow  ac  be  given,  to  find 

on  it  horiiontal,  the  shadow  is  called  a  right  one  :    such  the  height  ab,  it  will  be, 

as  the  shadows  of  men,  trees,  buildings,  mountains,  &c.  as  radius  :  tang,  ^c  : :' ac  :  as. 

But  when  the  body  is  placed  parallel  tft  the  horizon,  it  -  Qr,    if  the 

is  called  a  versed  shadow  ;  as  the  arms  nf  a  roan  when  length  of  the                                                             .■■•'" 

stretched  out,  &c.  shadow      ac,                                              -n,--'' 

Lam  qf  the  Pnftction  of  Shadows.  andofthcob-                                                   ?j 

.  Every  opaque  body  projects  a  shadow  in  the  same  jcct 


direction  with  the  rays  of  light ;  that  is,  towards  the  part 
opposite  to  the  light.  Hence,  as  cither  the  luminary  or 
the  body^chaiigcs  place,  the  shadow  likewise'  changes  its 
place. 

2.  Every  opaque  body  projects  as  many  shadows  as 
there  are  luminaries  to  enlighten  it- 

3.  As  the  light  of  the  luminary  is  more  intense,  ibe 
shadow  is  the  deeper.  Hence,  the  inlensiiy  of  the  sha- 
dow is  measured  by  the  degrees  of  light  that  space  i^  de- 
prived of.  In  reality,  the  shadow  iiself  is  not  deeper ; 
bat  it  appears  so,  because  the  surrounding  bodies  are 
more  vividly  illuminated. 

4^  When  the'luminous  body  and  opaque  one  arc  equal, 
the  shadow  is  always  of  the  same  breadth  with  the  opaque 
body.  But  when  the  luminous  body  is  the  larger,  the 
ahadow  becomes  always  less  and  less,  the  farther  it  is 
from  the  body.  And  when  the  luminous  body  is  the 
smaller  of  (he  two,  the  shadow  increases  always  the 
wider,  the  farther  from  the  body.  Hence,  the  shadow 
of  an  opaque  globe  is,  in  the  first  case  a  cylinder,  in 
the  second  case  it  is  a  cone  verging  to  a  point,  and  in  the 
third  case  tl  truncated  cone  that  enlarges  still  the  more 
the  forther  it  is  from  the  body.  Also,  in  all  these  cases,  a 
transverse  section  of  the  shadow,  by  a  plane,  is  a  circle, 
respectively,  in  the  three  cases,  equal,  less,  or  greater  than 
a  great  circle  of  the  globe. 
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as  AC  :  AB  :  :  radius  :  tang.  Z.c  sought. 

7.  To  measure  the  heightof  any  object,  ex.  gr.  a  column 
AB,  by  means  of  its  shadow  projected  on  an  horiiontal 
plane. — At  the  extremity  of  the  shadow,  ate,  erect  a 
stick  or  pole  cd,  and  measure  the  length  of  its  shadow 
Ck;  also  measure  the  length  of  the  shadow  ac  of  the 
tower.  Then,  by  similar  triangles,  it  wilt  be,  as  bc  :  CD 
:  :  CA  :  AB.  So  if  ic  =  10  feet,  CD  =  6  feet,  and  c* 
=  95  feet;  then  na  iO  :  6  :  :  95  :  57  feet  =  ab,  the 
height  of  the  tower  sought. 

Sua  now,  in  Geography.  The  inhabitants  of  the  earth 
are  divided,  with  respect  to  their  shadows,  into  Amcii, 
AupBiicii,  HeTETtoscii,  and  Periscii.     S<-e  these  se- 

SiiARow,  in  Perspective,  is  of  great  use  in  this  art.— • 
Having  given  the  fippearance  of  an  opaque  body,  and'a 
luminous  one,  whose  rays  diverge,  as  a  candle,  or  tamp, 
&c :  to  find  the  exact  appearance  of  the  shadow,  accord- 
ing to  the  laws  of  perspective.  The  method  is  this:  From 
the  luminous  body,  which  is  here  considered  as  a  point, 
J.  To  find  the  length  of  llic  shadow,  or  the  axis  of  let  fall  a  perpendicular  to  the  perspective  plane  or  table  ; 
thevbady  cone,  projected  by  a  sphere,  when  it  is  illumi-  and  from  the  several  angles,  or  raised  poiMs  of  the  body, 
nated  by  a  larger  one;  the  diameters  and  distance  of  the  let  fall  perpendiculars  to  the  same  plane;  then  connect 
two  spheres  being  known.     Let  c  and  d  be  the  centres  of    ihc  points  on  which  these  latter  perpendiculera  fall,  by 
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right  linn,  with  the  point  on  which  Ibc  fint  falls ;  con-  mechaniit,  and  ulronomer,  was  deiccnded  from  an  an* 

linuing  these  lines  bfjond  the  side  opposite  to  the  lunii-  dent  family  at  Littlc-Horton,  near  Bradford,  in  the  West 

nary,  till  they  meet  with  asmany  other  lines  drawn  from  Riding  uf  Yorkshire,  where  he  was  born  about  the  year 

the  centre  of  the  luminary  through  the  said  angles  or  J051.     At  a  proper  age  he  wBt  put  apprentice  to  a  mcr- 

raised  points ;,  so  shall  the  points  of  intersection  of  these  chant  at  Majichesier;  but  his  genius  led  him  so  strongly 

lines  be  the  extremes  or  bounds  of  tbe  shadow.  to  the  study  of  mat  hematics,  both  theoretical  and  pracu< 

For  example,  to  project  the  ^pearance  of  the  shadow  cal,  that  he  soon  became  uneasy  in  that  situation  of  life, 

of  a  prism  abcdef,  see-  By  the  mutaal  consent  therefore  of  his  master  and  him- 

nographically  delimated.  self,  though   not  altogether  with   that  of  his  father,  he 

Hereu  is  the  place  of  the  quitted  the  busineiit  of  a  merchant.     On  this  he  removed 

perpendicular  of  the  liglit  to  Liverpool,  where  he  gave  himself  up  wholly  to  the 

L,  and   D,   E,  I  those  of  study  of  mathematics,  astronomy,  &c;  and  where,  for  a 

the  raised  points  a,  b,  c,  subsislance,  he  opened  a  school,  and  taught, writing  and 

of  the  prism  ;  therefore,  accounts,  &c. 

draw  iieii,MDO,&c,  and  He  had  not  been  long  at  Liverpool  when  he  acciden- 
LSH,  lao.&c,  which  will  tally  fell  in  company  with  a  merchant  or  tradesman  vi- 
give  i>EO»  &c  for  the  ap-  *iting  that  town  from  London,  in  whose  house  it  seems  the 
pearance  of  the  shadow.  astronomer  Mr.  Flamstted  then  lodged.     With  the  view 

As  for  those  shadows  therefore  of  becoming  acquainted  with  this  eminent  man, 
that  are  interci'pled  by  Mr,  Sharp  engaged  himself  with  the  merchant  as  a  book- 
other  objects,  it  may  l>e  observed,  that  when  tbe  shadow  keeper,  in  consequence  he  soon  contracted  an  intimate 
of  a  line  falls  upon  any  object,  it  must  necessarily  take  acquaintance  and  friendship  with  Mr.  Flamsteed,  by 
the  firm  of  that  object.  If  it  fall  upon  another  plane,  whose  interest  and  recommendation  be  obtained  a  mora 
it  will  be  a  right  line ;  if  iipon  a  globe,  it  will  be  circular ;  profitable  employment  in  the  dock-yard  at  Chatham  ; 
andif  opon  a  cylinder  or  cone,  it  will  be  circular,  or  oval,  where  he  continued  till  his  friend  and  patron,  knowing  hti 
&C.  If  the  body  intercepting  it  be  a  plane,  whatever  be  great  merit  in  astronomy  and  mechanics,  called  him  to 
the  situation  of  it,  the  shadow  falling  upon  it  might  be  his  assistance,  in  contriving,  adapting,  and  fitting  up  the 
found  by  producing  that  plane  till  it  intercepted  the  per-  astronomical  apparatus  in  the  Royal  Observatory  at 
pendicular  let  fall  upon  it  from  the  luminous  body ;  for  Greenwich,  which  had  been  lately  built,  namely  about 
then  a  line  drawn  from  that  point  would  determine  the  the  year  iSjR';  Mr, Flamsteed  being  then  30  years  of  ago, 
shadow,  just  as  if  no  other  plane  had  been  concerned,  and  Mr.  Sharp  25. 

Btat  the  appearance  of  all  these  shadows  may  be  drawn         In  this  situation  he  continued  to  assist  Mr,  Flarflsteed 

with  less  trouble,  by  first  drawing  it  through  these  inter-  in  making  observations  [with  the  mural  arch,  of  80  inches 

cepted  objects,  at  if  they  had  not  been  in  the  way,  and  radius,  and  140  degrees  on  the  limb,  contrived  and  grs- 

then  making  the  shadow  to  ascend  perpendicularly  up  duated  by  Mr.  Sharp)  on  the  meridional  lenith  distances 

every  perpendicular  plane,  and  obliquely  on  those  that  of  the  fixed  stars,  sun,  moon,  and  planets,  with  the  times 

are  situated  obliquely,  in  the  manner  described  by  Dr.  of  >heir  transits  over  the  meridian  ;  also  (he  diameters  of 

Priestley,  in  his  Perspective,  pa,  73  &c.  tbe  sun  and  moon,  and  their  eclipses,  with  those  of  Jupi- 

Here  we  may  observe  in  general,  that  since  the  shadows  ter's  satellites,  the  variation  of  the  compass,  &c.     He  as- 

of  all  objects  which  are  cast  upon  the  ground,  will  vanish  sisted  bim  also  in  making  a  catalogue  of  near  3000  fixed 

into  tbe  horizontal  line;  so,  for  the  lamo  reason,  the  va-  stari,  as  to  .their  longitudes  and  magnitudes,  their  right 

niihing  points  of  all  shadows,  which  are  cast  upon  any  ascensions  and  polar  distances,  with  the  variations  of  the 

inclinejl  or  other  plane,  will  be  somewhere  in  tbe  Vanish-  same  while  they  change  their  longitude  by  one  degree, 
ing  Line  of  that  plane.  But  from  the  fatigue  of  continually  observing  the  stars 

When  objects  are  not  supposed  to  be  viewed  by  the  at  night,  in  a  cold  thin  air,  joined  toa  weaklyconstltution, 
light  of  the  tun,  or  of  a  candle  &c,  but  only  in  the.  light  he  was  reduced  to  a  bad  state  uf  health  ;  for  the  recovery 
of  aqloudy  day,  or  in  a  room  into  which  the  sun  does  not  of  which  he  desired  leave  to  retire  to  hishoose  at  Horton; 
shine,  there  is  no  sensible  shadow  of  the  upper  part  of  the  where,  ai  soon  as  he  found  himself  on  the  recovery,  he 
object,  and  the  lower  part  only  makes  (he  adjacent  objects,  began  to  fit  up  an  observatory  of  his  own;  having  first 
or  plane  of  the  ground  or  floor  on  which  it  stands,  a  little  made  an  elegant  and  curious  engine  for  turning  all  kinds 
darker  than  the  rest.  This  imperfect  obscure  kind  of  of  work  in  wood  or  brass,  with  a  maundril  for  turning 
shadow  is  easily  made,  being  nothing  more  than  n  shade  on  irregular  figures,  as  ovals,  roses,  wreathed  pillars,  &c. 
the  ground,  opposite  to  the  side  on  which  tbe  light  comes ;  Besides  these,  he  made  himself  most  of  the  toots  used  by 
and  it  may  be  continued  to  a  greater  or  lets  distance,  ac-  joiners,  clockmakers,  opticians,  mathematical  instrument- 
cording  to  the  supposed  brightness  of  the  light  by  which  makers,  &c.  The  limbs  or  arcs  of  his  large  equatorial 
it  is  made.  It  is  in  this  manner  (in  order  to  save  trouble,  instrument,  sextant,  quadrant,  &c,  he  graduated  with 
aod  sometimes  to  prevent  confusion)  that  tbe  shadows  in  the  nicest  accuracy,  by  diagonal  divisions  into  degrees 
molt  drawings  are  made.  On  this  subject,  tee  Priestley's  and  minutes.  The  telescopes  he  used  wece  all  of  his  own 
Ferspect.abovequotedi  alsoKirby'sPer8p.book2,ch.4.  making,  and  the  lenses  ground,  figured,  and  adjusted 

SHAI'T<t/'aO>[timn,  in  Building,  is  the  body  of  it;  thus  with  his  own  hands, 
called  from  its  straigbtuess  :  but  by  architects  more  com-         It  was  at  this  time  that  he  assisted  Mr.  Flamsteed  in    ' 

monly  the  Fust.  calculating  most  of  the  tables  in  the  second  volume  of  his 

Shaft  is  also  used  for  the  spire  of  a  church  steeple;  Historia  Cmlestis,  as  appears  by  their  letters,  to  be  seen 

and  for  the  shank  or  tunnel  of  a  chimney.  in  the  hands  of  Mr.  Sharp's  friends  at  Horton.     Likewisa 

SHARP  (ABRAH4H),  an  ingenious  mathematician,  the  curious  drawings  of  the  charU  of  all  tbe  cousiella- 
VoL.  II,  3D.. 
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tiofM  viiJble  in  onr  hemnphere,  with  the  still  more  excel- 
lent drawiogs  nf  ttie  plinispheret  botb  of  the  northern  and. 
toutheni  constellation*.  And  though  these  drawings  of 
the  cunstelUtioni  wtre  sent  to  be  engraved  at  Amsterdatn 
by.  a  masterly  hnad,  yet  the  originals  far  exceeded  the 
engravings  in  poitit  of  beauty  and  elegance :  these  were 
published  by  Mr.  FlamsCeed,  and  both  copies  may  be 
aeen  at  Horton. 

The  matfaematiciap  meets  with  something  extisnrdinary 
in  Sharp's  elaborate  treatise  of  Geometry  Improved  (in 
4to  1717.  signed  A.  5.  Philomath.},  Ut,  by  a  large  and 
acc(u*te  table  of  segments  of  circles,  it^  cuostruction  snd 
varioDs  use*  in  the  solution  of  several  diSicult  problems, 
with  compendious  tables  for  finding  a  true  proportional 
part;  and  tbeir  use  in  these  or  any  other  tables  exempli- 
fied in  making  tof^thms,  o^their  natural  numbers,  to  60 
places  of  figures;  there  being  a  table  of  thetn  for  all 
primes  to  MOO,  true  to  6l  figures.  36,  His  concise 
treatise  of  Polyetira,  or  solid  bodies  of  many  bases,  both 
the  regular  ones  and  others  :  to  which  are  added  twelve 
new  ones,  with  various  methods  of  forming  them,  and 
their  exact  dimctisions'in  surds,  or  species,  and  in  num- 
bers; illustrated  with  a  variety  of  cupper-plates,  neatly 
engraved  by  his  own  hands.  Also  the  models  of  these 
polyedra  he  cut  out  in  boxwood  with  amasing  neatness 
and  accuracy.  ,  Indeed  few  or  none  of  the  rastbematicsl 
instrument-maker*  could  exceed  him  in  exactly  gradua- 
ling  or  neatly  engraving  any  mathematical  or  astronomical 
instrument,  as  may  be  seen  in  the  equatorial  instrument 
■bove-menttoned,  or  in  his  sextarit,  quadrants  and  dials 
of  various  kinds;  also  in  a  curious  armillary  sphere, 
which,  besides  the  common  properties,  has  moveable  cir- 
cles &c,  fur  exhibiting  and  resolving  all  spherical  trian- 
glet;  also  his  double  sector,  with  many  other  instru- 
ments, all  contrived,  graduated  and  finished,  in  a  most 
elegant  tnanner,  by  himself.  In  shnrt,  be  possessed  at 
tmcc  a  remarkably  clear  head  for  contriving,  anil  an  ex- 
traordinary hand  for  executing  any  thing,  not  only  in 
mechanics,  but  also  in  drawing,  writing,  and  making  the 
most  exact  and  beautiful  schemes  or  figures  in  all  his  cal- 
culations and  geonK-trical  constructions. 

1'hc  quadrature  of  the  circle  was  undertaken  by  hint 
for  his  own  private  amusement  in  the  year  1699>  deduced 
from  two  dltlVrent  series,  by  which  the  truth  of  it  was 
proved  to  72  places  of  figures ;  that  is,  if  the  diameter  of 
«  circle  be  1,  the  circumference  will  be  found  equal  to 
3'l*1592653589793?384626M38397J>302884iy71fl939 
9S75I05S2O9749445923O78164O5&C.  He  gave  also 
ingenious  improvements  on  the  making  of  logarithms, 
and  the  constructing  of  the  natural  sines,  talents,  a.iid^ 
secants- 
He  also  calculated  the  natural  and  logarithmic  sines, 
tangents,  and  secants,  to  every  second  in  the  first  minute 
of  the  quadrant :  the  Iftborious  investigation  of  which  may 
probably  be  aeen  in  the  archives  of  the  Royal  Society, 
as  they  were  presented  to  Mr.  Patrick  Murdoch  for  that 
purpose ;  exhibiting  his  very  neat  and  accurate  manner  of 
writingand  arranging  his  figures,  not  to  be  equalled  per- 
haps, by  the  beet  penman  now  living. 

The  late  ingenious  Mr.  Smeaton  says  (Philos,  Trans,  an. 
17»S,  pa.  5,  &c) :— "  In  th^year  l689,  Ur,  Flamsteed 
completed  his  mural  arc  at  Greenwich  ;  and,  in  the  Pro- 
legomena to  his  Historia  Ctelestis,  he  makes  an  ample  ac- 
knowledgment of  the  particular  assistance,  care,  and  in- 
dostry  of  Mr.  Abraham  Sharp;  whom,  in  the  mosth  of 


August  1688,  he  brought  into  the  observatory,  as  hi* 
amanuensis;  and  being,  as  Mr. Flamsteed  tells  us,  not 
only  a  very  skilful  mathematician,  but  trxcecdingly  expert 
in  roechanicat  operations,  he  was  principally  employed 
in  the  construction  of  the  mural  arc;  which  Jn  the  com- 
pass of  14  months  he  finished,  so  grt«tly  lu  the  satisfaction 
of  Mr.  Flamsteed,  that  he  speaks  of  him  in  the  highest 
terms  of  praise. 

"This  celebrated  instrument,  of  which  he  also  gives  the 
figure  at  the  end  of  the  Prolegomena,  was  of  the  radius  of 
6  feet  7i  inches ;  and,  in  like  manner  as  the  sextant,  it  was 
furnished  both  with  screw  and  diagonal  divisions,  all  per- 
formed by  the  accurate  hand  of  Mr.  Sharp.  Yet,  who- 
ever compares  the  different  parts  of  the  table  for  conver- 
sion of  the  revolutions  and  parts  of  the  screw  belonging  to 
the  mural  arc  into  degrees,  minutes,  and  seconds,  with 
each  other,  at  the  same  distance  from  the  zenith  on  dif- 
ferent sides  ;  and  with  their  halves,  quarters,  Stc,  will  find 
as  notablea  disagreement  of  the  scT^w-work  from  the  hand 
divisions,  as  had  appeared  before  in  the  workof  Mr.Tom- 
pibn ;  and  hence  we  may  conclude,  that  the  method  of 
Dr.  Hookc,  being  executed  by  two  such  masterly  hands  a* 
Tompion  and  Sharp,  and  found  defective,  is  in  reality  not 
to  be  depended  upon  in  nice  matters, 

"  From  the  account  of  Mr.  Flamsteed  it  appears  also, 
that  Mr.  Sharp  obtained  the  aenith  point  of  the  instru- 
ment, ur  line  of  colllmation,  by  observation  of  the  zenith 
stars,  witlf  the  face  of  the  instrument  on  the  east  and  on 
the  west  side  of  the  wall :  and  that  having  made  the  index 
strraiger  (to  prevent  flexure)  than  that  of  the  sextant,  and 
thereby  heavier,  he  contrived,  by  means  of  pulleys  and 
balancing  weights,  to  relieve  the  hand  that  was  to  move  it 
from  a  great  part  of  its  gravity.  Ttlr.  Sharp  continued  in 
strict  correspondence  with  Mr.  Flamsteed  as  long  as  he 
lived,  as  appeared  by  lettenof  Mr.  Flamstced's  found  aflet 
Mr.  Sharp's  death  ;  nvany  of  which  I  have  seen. 

*'  I  have  been  the  more  particular  relating  to  Mr.  Sharp, 
in  the  business  of  constructing  this  mural  arc  ;  not  only 
because  we  may  suppose  it  the  first  good  and  valid  instru- 
ment of  the  kind,  but  because  I  look  upon  Mr.  Sharp  to 
have  been  the  first  person  that  cut  accurate  and  delicate 
divisions  upon  astronomical  instruments  ;  of  which,  inde- 
pendent of  Mr.  Flamstced's  testimony,  there  still  remain 
considerable  proofs :  for,  after  leaving  Mr.  Flamfiteod,  and 
quitiing  the  department  abovc-mentioufil,  he  retired  into 
Yorkshire,  to  the  village  uf  Little  Horton,  near  Bradford, 
where  be  ended  his  days  about  the  year  1743  ;  and  where 
I  have  seen  not  only  u  large  and  very  fine  collection  of 
mechanical  tools,  the  principal  ones  being  made  with  hi* 
own  hands,  but  also  a  great  variety  of  scales  and  instru- 
ments made  with  them,  both  in  nood  and  brass,  the  divi' 
sions  of  which  were  so  exquisite,  as  would  not  discredit  the 
first  artists  of  the  present  times;  and  1  believe  there  is  now 
remaining  a  quadrant,  of  4  or  5  feet  radius,  framed  of 
wood,  but  the  limb  covered  with  a  brass  plate  ;  the  sub- 
divisions being  done  by  diagonals,  the  lines  of  which  are 
as  finely  cut  as  those  upon  the  quadrants  at  Greenwich. 
The  delicacy  of  Mr.  Sharp's  hand  will  indeed  permanently 
appear  from  the  copper-platt-s  in  a  qu;irto  book,  published 
in  the  year  1718,  intituled  Geometry  Improved  by  A. 
Sharp,  Philomath."  (or  rather  1717.  by  A.  S.  Philomath.) 
"  whereof  not  only  the  geometrical  lines  upon  the  platet, 
but  the  whole  of  the  engraving  of  letters  and  figures,  were 
done  by  himself,  as  I  was  told  by  a  person  in  the  matho- 
matical  line,  who  y«iy  frequently  att«idHd  Mr.  Sharp  in 
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iheUttcrpartofhislife.  1  therrfore  look  upon  Mr.  Sliarp  Shabp,  iii  Music,  a  kind  of  arlidcJal  nute,  or  cfaartc-. 
as  the  first  person  thai  brought  iho  aSkir  of  huid  divition  t«r,  thus  rotmed  « :  this  being  prefixed  to  any  nine,  showv. 
to  any  dcgroc  of  perfectioD.*'  that  it  is  to  be  lung  or  played  a  semiione  or  half  note 
Mr.  Sharp  kept  up  a  torrrtpondence  by  loiters  with  mott  higher  than  the  natural  note  ia.  Wheua  sharp  it  placed 
«f  the  emiiiont  mathematicians  and  aitronoinere  uf  his  at  Ibe  beginning  of  a  stave  or  mov^ent,  it  shows  that  all 
umc,  as  Mr.  Flatnslecd,  Sir  Isaac  Newton,  Or.  HuHcy,  Dr.  notes  that  are  found  on  the  saioe  line,  or  space,  throughout, 
WaltiSfMr.  Hodgson,  Mr.Shcrwin,&c,tbeaiisweis  to  which  aie\o  be  raised  half  a  tone  tibove  their  natural  pitch,  un> 
letters  are  all  written  upon  the  backs,  or  empty  spaces,  lessa  natural  intervene.  When  a  sharp  occurs  accidental- 
of  the  letters  he  received,  in  a  short-hand  of  his  own  con-  ly,  it  only  a^cta  as  many  notes  as  follow  it  on  the  same 
ttivance.  Fruma  great  variety  of  letters  (of  which  a  large  lit>e  or  spatre,  without  a  natural,  in  the  compass  of  a  bar. 
chest  full  remain  with  his  friends)  from  these  and  many  SHEAVE,  in  Mechamcs,a solid  cyhndrical  wheel,  fixed 
other  celebrati^d  mathematicians,  it  is  evident  that  Mr.  in  a  channel,  and  moveable  about  an  axis,  m  being  usfsd 
Sharp  spared  neither  pains  nor  time  to  promote  real  to  raise  or  increase  the  mechanical  powers  applied  to  re- 
science.  Indeed,  being  one  of  the  most  accurate  and  in-  move  any  body, 
defatigable  computers  that  ever  existed,  he  was  for  many  CHEERS,  aboard  a  ship,  an  engine  used, to  hoist  or  dls- 

Jeara  the  common  resource  for  Mr.  Fjamsteed,  Sir  Jonas  place  the  lower  mails  of  a  ship, 

loore,  Dr.  Hal  ley,  and  others,  in  all  sorts  of  troublesome  SHEKEL,  or  Sbekle,  an  ancient  Hebrew  coin  and 

and  deliqate  calculations.  weight,  equaltO'4  Attic  drachmas,  or  4  Roman  denarii,  or 

Mr.  Sharp  continued  all  his  life  a  bachalor,  and  spent  2s.  9^^>  sterling.    According  to  father  Mersenne,  the  He- 

his  time  as  recluse  as  a  hermit.     He  was  of  a  middle  sta-  brew  shekel  weighs  268grains,and  is  composed  of  20  obolij 

ture,  but  very  thin,  being  of  a  weakly  eonsdtation  ;  h«  each  obolus  weighing  \6  grains  of  wheaL 

was  remarkably  feeble  the  last  three  or  four  yean  before  SHERBURNE  (EDVAKD),an  ingenious  scholar,  ivas 

he  died,  which  was  on  th^  Igthof  July  1749,  in  the  91st  born  in  London  in  l6l6,  and  died  In  1702.     After  com- 

]fear  pf  bis  age.  pleiing  his  education,  he  travelled  abroad  ;  but  returned  in 

In  his  retirement  at  Little  Horton,  he  emplojwdfbnror  l64I,  and  succeeded,  on  his  father's  death,  to  theofficeof 

five  rooais  or  apartments  in  his  kouie  fur  dt^reat  par-  clerk  of  the  orduance.     He  was  imprisoned  for  some  linie 

poses,  into  which  none  of  his  family  could  possibly  enter  by  the  parliament,  and  on  recovering  his  liberty  joined  the 

at  any  liate  without  bis  permiuion.     He  was  seitlom  vi-  king,  whom  be  served   with  great  "bravery,  by  which  he 

rited  by  any  penons,  except  twa  gentlemen  of  Bradford,  suffered  cimsidrrably  in  his  estate.     After  the  battle  of 

the  one  a  matitematician,  and  the  other  an  ingeiuous  apo-  Edgebill  be  went  to  Oxford,  where  he  was  created  master 

diecaiy  :  these  were  admitted,  wtten  he  chose  to  be  seen  by  of  arts,  -  At  the  reatoratjoo  he  recovered  his  place,  was 

them,  by  tbe  signal  of  rtihhiag  a  atone  against  a  certain  knighted,  and  made  commissary-general  of  the  artillery, 

part  of  the  outside  wall  of  the  house.     He  duly  attanded  Sherburne  published. a  volume  of  poems.'and  a  traos- 

ihe  diwcnting  cbapcl  at  Bradford,  (of  which  he  was  a  mem-  lation  td  Seneca's  tragedies.     But  his  chief  work  was  a 

bet,)  every  Sunday  ;  at  which  time  he  took  care  to  be  pro-  translation  of  The  Sphere  of  M.  Maniliui,  madeaa  English 

viried  with  plenty  of  hal^ence,  which  he  very  charitably  poem,  with  annoiations  and  an  astronomical  appendix : 

suftred  to  be  taken  singly  out  of  his  hand,  held  behind  Lendon  l€7fi>  in  folio.     Of  the  parti  of  this  poem,  their 

him  during  his  walk  to  the  dwpd,  by  a  numbet  of  poor  distribution  and  'order,  and  of  the  interpreter's  Labours  in 

people  who  foUawed  him,  without  his  ever  looking  badt,  QX{4ainuig  it,  both  in  his  learned  notes  and  considerable 

or  asking  a  single  question.  appcAdijt,  be  observes,  that  the  poem  begins  with  a  suc- 

Mr.  Sharp  wds  very  irr^ular  as  to  his  meals,  and  re-  ciact  indication  of  the  oiigin  and  progress  of  arrs  nnd 

markably  sparing  in  his  diet,  which  be  frequently  took  in  s(»ettcet, particularly  of  astronomy  ;  of  which  last,  besides 

the  following  manner.    A  little  square  hole,  somediing  Ilka  what  the  translator  has  noted  in  his  marginal  illuetratiuns, 

a  window,  UMuJe  a  commtiaication  between  the  room  where  be  has  added,  for  the  satisfaction  of  the  more  curious,  a 

he  was  vsnaJly  employed  in  calculations,  and  another  cwnpendious  history,  continued  down  to  tbe  age  of  Mani- 

chamher  or  room  in  the  house  where  a  servunt  could  en-  lius ;  with  a  rety  instructive  catalogue  of  the  most  emi- 

ter;  andhefore  this  hole  be  had  contrived  a  slidii^  board;  nent  astronomers,  from  the  first  parent  of  all  arts,  and 

the  servant  always  placed  his  victuals  in  this  hole,  without  maitkind  itself,  to  tbe  editor's  time.     A  more  particular 

speaking  or  making  any  the  least  noise ;  and  when  he  had  and  n^faetory  aeeouat  of  this  worli  may  be  seen  in  the 

alittleleisuiehevisitcdbiscupboardlosnewhatitaffbrded  Philos.  Trans,  val.p,  pa.  226,  or  in  my  Abridg.  vol.3, 

to-sausfy  his  hunger  or  thirst.     But  it  oAen  happened,  pa.  1S5. 

that  the  biaakfast,  Anner,  and  supper  have  mnained  un-  SHILLING,  an  EagUsh  silver  coin,  .e^ual  to  12  pence, 

touohcdby  him,  when  the  servant  has  gonelo  remove  what  <»  tbs  2Mh  ftart  of  a  pound  sterling     'This  was  a  Saxon 

was  lafi^— so  deeply  engaged  had  be  heen  in  oalculatians.  coin,  being  the  48th  part  of  their  pound  weight-     Its  value 

Cavities  might  easily  be  perceived  in  an  old  English  oak  at  first  was  5  pence ;  but  it  was  reduced  to  4  p<mce  about 

lahle  where  Jm  sot  to  write,  hy  die  frequeM  rubbing  and  a  century  befbie  tbe  conquest.    After  the  conc^uest,  the 

wearing  of  his  elbows.— Guifacacar/apM/eiN,  4c.  French  solidus  of  12  pence,  which  waa  in  u«e  among  the 

By  Mr,  Sharp's  epitaph  it  appears  thathe  was  related  to  Normans,  was  called  by  the  English  name  of  shilling;  and 

archlHshop  IJharp.     And  Ur.  Sharp  the. eminent  surgeon,  ifce  Saxon  shUling  of  itpeoce  took  a  Nomaupame,  and 

who  it  saems'  has  lately  oatited  from  business,  Js  the  lu-  was  called  the  groat,  or  great  coin,  because  it  was  tha 

phaw  of  OUT  author:     Another  nephew  was  tbe  fotfaer  of  largest  JBnglisii  coin  then  Imown.    I^roiff  this  tsne.  the 

Mr.  Ramsden,  tbe  late  celebrated  inurnment- maker,  who  shilling  underwentmany  alteratiotu.        -^V 

says  that  hie  grand  uncle  Abraham,  our  awhor,  was  some  In  the  time  of  Edward  the  itt,  the  p<>«ad  troy  was  the 

tine  inhii  younger  days  an  exciseman ;  which  oecupatioa  same  as  the  pound  sterling  of  silver,  consisting  of  30  sbil- 

he  qujtt«i-on«oaungto«paiafiioaialestaUof«hpiitSOOL  bogi;  so  that  thoshiUing  weighed  theSOth  part  of  apoun^t 

«-year.  3  D  2 
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or  more  than  half  an  oAica  troy.  But  tome  are  of  opi- 
nioQ,  there  were  no  coins  of  tbis  denomination,  till  Henry 
ibe  7th,  in  the  year  1504,  first  coined  silver  piecea  of  13 
pence  value,  which  we  c«ll  shilitnn.  Since  the  reign  of 
Elizabeth,  a  shillin);  iwighs  the  62nd  part  of  a  pound 
troy,  or  3  dwts.  20f^  grs,  ihe  pound  weight  of  silver  ma- 
king 62  shillings.  And  hence  the  ounce  of  silver  ii  worth 
5^  shillings,  or  5$.  2d. 

Many  other  nations  have  also  their  shillings.  The  En- 
glish shilling  is  worth  about  23  French  sob;  those  of  Hol- 
land and  Germany  about  half  as  much,  or  11^  sols;  those 
of  Flanders,  about  9.  The  Dutch  shillings  are  also  called 
■oh  de  gros,  because  equal  t/i  t2  gross.  The  Dane*  have 
copper  shillings,  worth  about  one  fourth  of  a  farthing  ster- 
ling, 

SHIVERS,  in  a  ship,  the  scamei^'s  terra  for  those  little 
round  wheels,  in  which  the  rope  of  a  pulley  or  block  runs. 
They  turn  with  the  rope,  and  have  pieces  of  brasH  in  their 
centres,  into  which  the  pin  of  the  block  goes,  and  on  which 
they  turn. 

SHORT  (James),  a  very  eminent  optician  and  tele- 
scope-maker, was  the  son  ofa  joiner  at  Edinburgh,  where 
James  was  born  in  17  tO,  At  Icn  years  of  age,  his  parents 
being  both  dead,  ho  was  placed  as  n  poor  boy,  in  Heriot's 
charity  hospital  at  that  place.  Two  years  aAer  however, 
having  shown  uncommon  talents,  be  was  sent  to  tha  bijth- 
scbool  of  that  city,  where  he  so  much  distinguished  him- 
self in  classical  learning,  thut  his  friends  thought  of  qua- 
lifying him  for  a  learned  proiessiun.  After  4  yean  spent 
at  the  high-tcho.'l,inl7'^  he  was  entered  a  student  in  the 
univeniiy  of  Eilinburgh  ;  where  he  passedlhrough  a  re- 
gular course  (^f  study  ;  took  his  d^ree  of  master  of  arts ; 
and,  at  the  earnest  entreaties  of  his  relations,  attended  the 
divinity  hall ;  after  which,  in  173 1,  he  passed  his  triab  to 
fit  him  for  a  preacher  in  the  church  of  Scotland. 

S^Kin  after  this,  however,  the  mind  of  oiir  young  artist 
began  to  revolt  against  the  idea  of  a  profession  so  little 
suited  to  his  talents ;  and  having  had  occasion  to  attend  a 
course  of  Mr.  .Uaclaurin's  mathematical  clais  in  the  col- 
lege, he  there  so  much  disiipguished  him<ieir,  that  the  pro- 
fessor took  great  notice  of  him,  and  invited  him  often  to 
his  house,  where  he  had  opportunities  of  knowing  more 
,  fully  the  extent  of  the  young  man's  capacity.  In  1732, 
Mr.  H.  kindly  peiraitted  his  pupil  to  make  use  of  his  rooms 
in  the  college,  for  hisapparutus,  where  he  began  to  work  in 
his  new  profession  of  telescope-making,  under  the  eye  of 
hh  eminent  master  and  patron  ;  who,  in  a  letter  about  two 
yeafs  aftertoDr.Jnrin,  mentions  the  prodciency  made  by 
Mr.  Short,  in  conslnicting  reflecting  telescopes,  in  these 
words ;  "  Mr.  Short,  who'  had  begun  with  making  glass 
specula,  is  now  employing  himself  to  improve  the  metallic. 
By  taking  care  of  the  figure,  he  is  enabled  to  give  them 
larger  apertures  than  others  have  done ;  and,  upon  the 
whole,  they  surpass  in  perfection  all  that  I  have  seen  of 
other  workmen."  The  figure  which  Mr.  S,  gave  to  his 
great  specula,  was  parabolic  :  which  he  did  however  not 
by  any  rule  or  canon,  but  by  practice  and  mechanical  de- 
vices. 

Mr,  S.  continued  from  this  time  to  practise  his  art  am 
a  regular  profession,  with  much  success  ;  so  that  when,  in 
the  year  1736,  ^  was  called  Up  to  London,  at  the  desire 
of  queen  Carolttse,  to  give  mathematical  instructions  to 
Wm.  duke  of  Cumberland,  he  had  cleared  the  sumof  5001. 
by  the  profits  of  bis  business.  Towards  the  end  of  the 
same  year  he  returofd  to  Edinburgh ;  and  having  made 


several  useful  improvements  in  his  art,  duiing  his  stay  in 
England,  he  now  prosecuted  it  with  fresh  vigour  and  suc- 
cess. In  1739.  being  then  again  at  London,  the  earl  bf 
Morton  took  Mr.  S.  with  him  00  a  tour  to  the  Orkney 
isles,  and  engaged  him  there  to  adjust  the  geography  of 
that  part  of  Scotland.  He  returned  to  London  with  the 
earl,  and  finally  established  himself  there,  in  the  line  of 
bis  profession.  In  1743,  he  vms  employed  by  lord  'I'hot. 
Spencer,  to  make  a  reflector  of  12  feet  focus,  being  the 
largest  that  he  ever  constructed,  except  those  for  the  king 
of  Spain,  and  aorac  others  of  the  same  fucal  distance,  with 
great improv^mentv  and  higher roagnifiurs,  Thetelescope 
for  the  kingof  Spuin  was  finished  in  the  year  1753,  which, 
with  its  whole  apparatus,  cost  l2U0i.  Butthe  mstrument 
made  for  lord  'J  homas  Spencer,  having  fewer  accompani- 
ments, waspurchnsed'for  6*00  guineas.  Mr.  Short  died  at 
Mewington  Butts,  near  Lonilon,  in  I768,  at  58  yeaiv  of 
age  ;  and,  from  the  great  profits  and  success  of  his  trade, 
left  at  his  death  a  fortune  of  30  thousand  pounds. 

Mr.  S.  was  a  good  general  scholar,  besides  well  skilled 
in  optics  and  mathematical  learning,  lie  was  a  very  use- 
ful member  of  the  Royal  Society,  and  wrote  a  great  mul- 
titude ot  excellent  papers  in  the  Philos.  Trans,  from  the 
year  1735  till  the  time  of  his  death.  Among  them,  his 
determination  oC  the  tun's  parallax  at  about  tlf  *,  from  hi* 
ingenious  calculations  on  the  transit  of  Venus,  has  beea 
pretty  generally  adopted  by  astronomers. 

SHORT-SlG  HTEDN  ESS,  myopia,  a  defect  in  the  con- 
formation of  the  eye,  when  the  crystalline  &c  being  too 
convex,  the  rays  that  enter  the  eye  are  refracted  pto  much, 
and  made  to  converge  loo  fast,  so  as  to  unite  before  tCey 
reach  the  retina,  hy  which  means  vision  is  rendered  din' 
and  confused. 

It  is  commonly  thought  that  short-sightedness  wears  off 
in  old  age,  on  account  of  the  eye  becoming  flatter  ;  bnt 
Dr.  Smith  questions  wliether  tbis  be  matter  of  fact,  or 
only  hypothesis.  It  is  remarkable  that  short-sighted  pei^ 
sons  commonly  write  a  small  hand,  and  affect  a  small 
print,  because  they  can  siee  more  of  it  at  one  view  :  that 
it  is  customary  with  them  not  to  look  at  the  person  they 
converse  with,  because  they  cannot  well  see  the  motiou 
of  his  eyes  and  features,  and  arc  therefore  attentive  to  his 
words  only:  that  they  see  more  distinctly,  and  somewhat 
further  off,  by  a  strong  light,  than  by  a  weak  one ;  because 
a  strong  light  causes  a  contraction  of  the  pupil,  and  con- 
sequently of  the  pencils,  both  here  and  at  the  retina,  whicb 
lessens  [heir  mixture,  and  consequently  the  apparent  con- 
fusion ;  and  therefore,  to  see  more  distinctly,  they  almost 
close  their  eye-lids,  for  which  reason  they  were  anciently 
called  myopes.     Smith'sOptics,vol.  2,  Rem,  pa.  10. 

Dr.  Jurin  otwervei,  that  persons  who  are  much  and  loi^ 
accustomed  to  view  objects  at  small  oistauces,  as  student! 
ingeneral,  watchraakers,  engravers,  painters  in  miniature, 
&C,  see  better  at  small  distances,  and  worse  at  great  di- 
stances, than  other  peo{fle.  And  be  gives  the  reasons, 
from  the  mechanical  c^ct  of  habit  in  the  eye.  Essay  on 
Dist.  and  Indist.  Vision. 

The  ordinary  remedy  for  short-sigh  ted  nesi  it  a  concavo 
lens,  held  before  the  eye ;  for  this  causing  the  rays  to  di- 
verge, or  at  least  diminishing  much  of  their  convergency, 
it  makes  a  compensation  for  the  too  great  convexity  of  the 
crystalline.  Dr.  Hooke  suggests  another  remedy ;  which 
is  to  employ  a  convex  glass,  in  a  position  between  the  ob- 
ject and  the  eye,  by  means  of  which,  the  object  may  ha 
made  to  ^>f>ear  at  any  dJi&DC«  from  it,  awl  10  the  eye  b* 


y  Google 
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made  to  contemplate  Ihe  picture  in  the  UBW  manner  u  if  .  curate  obsemtroDi.  Truth  was  hii  darling  object;  which 
the  object  itaetfwrre  inib  place.     But  bere unfortunately     he  endeavuurcil  to  discover,  and  to  detect  error,  by  the 

the  imuge  will  appear  inverted  :  for  this  however  he  haa --■- —  ^^-i ..it..-,        ,  . 

tome  whimaici^  expMlirntsi  via,  in  reading  to  turn  the 
book  upside  down,  and  to  learn  to  write  upside  dowa. 
As  to  distant  objrcis,  the  doctor  asserts,  from  bit  own  ex- 
perience, that  witb  a  little  practice  in  contemplating  in- 
verted  objects,  one  gets  as  good  all  idea  of  tbera  aa  if  seen 
in  their  natiiral  potture. 

SHOT,  in  the  Military  Art,  includes  all  kinds  of  balls 
or  fottllets  for  (ire  arms,  from  the  camion  to  the  pistol.  At 


patient  vigilance.  Hud  Sir  Geo.  devoted  more  of 
bis  time  to  thuse  pursuils,  he  would  probably  have  had 
few  superion  in  philosopbical  celebrity.  The  pains  he 
took  to  adjust  a  ri'gular  and  uniform  scandurd  of  weight! 
and  measures,  the  tardy  cautiuumets  of  bis  experiments, 
tbe  accuracy  of  his  calcalations,  and  the  practicability 
of  his  schemes,  entitle  him  to  the  highest  prai&e,  among 
such  as  have  laboured  for  the  public  benefit, 

SHWAN'^un,  a  Chinese  instrument,  composed  of  a 
to  those  for  mortars,  they  are  usually  called  shells.  Shot  number  of  wires,  witb  beads  upon  them,  which  they  move 
are  mostly  of  around  form,  though  there  are  other  shapes,  backwards,  and  forwards,  and  wbicli  serves  to  assist  them 
Those  for  cannon  are  of  iron;  but  those  for  muskets  and  in  their  computations.'  See  Abacus. 
pistols  are  of  lend.  Cannon  shot  and  shells  are  usually  SIDE,  latta,  in  Geometry.  Tbe  side  of  a  figure  ia  a 
set  up  in  piles,  or  heaps,  tapering' from  the  base  towards  line  making  part  of  the  periphery  of  any  superficial  figure, 
the  top  i  the  base  being  either  a  triangle,  a  square,  or  a  In  triangles,  the  sides  are  alto  called  legs,  in  a  right- 
rectangle  ;  from  which  tbe  immber  in  the  pile  is  easily  angled  triangle,  the  two  sides  that  include  the  right  angle, 
computed.     See  Pile.  are  called  cathcti,  or  sometimes  th«  base  and  perpendicu- 

The  weight  and  dimensions  of  balls  may  be  found,  the     lar  ;  and  the  third  tide,  the  hypoihenuse.  . 

one  from  tbe  other,  whether  they  are  of  iron  or  of  lead.         Side  q^  a  Polygonal  Number,  is  the  number  of  terms  in 
Hius,  the  wei^t  of  an  iron  ball  of  4  inches  diameter,  is     the  arithmetical  progression  ihat  are  summed  up  to  form 


JHb,  and  because  the  weight  it  as  the  cube  of  the  diameter, 
therefore  as  i^  :  9  :  :  tP  :  -^  tP  =  ie,  the  weight  of  the 
iron  ball  whose  diameter  it  d  ;  that  is,  ^  of  the  cube  of 
itt  diameter.     And,  conversely,  if  the  wi-ight  be  given. 


the  D 


nber. 


Side  qfa  Power,  is  what  is  usually  called  the  root. 
Sides   of  Horn-teorh,   Crtnon-work*,  DoubU-lnaiUet, 
&c,  are  the  ramparts  and  parapets  which  inclose  them 


to  find  tbe  diameter,  it  will  be^'^to  ^  d  ;  that  is,  take     on  the  rifiht  and  left,  from  the  gorge  to  the  head. 
V  or  7?  of  the  weight,  and  the  cube  root  of  that  will  be         SIDEREAL,  something  relating  to  the  sUrs.     As  side- 
the  diameter  of  the  iron  ball.  real  year,  day,  &c,  being  those  marked  out  by  the  start* 

.-For  leaden  baljs  ;  one  of  4}  inches  diameter  w«ghs  17        Sidkhbal  Year,     See  Yea  a. 

pounds;    therefore    as    the    cube  of  4{   it  to    17,    or        Sidekbai.  i>ay,  is  the  time  in  which  any  star  appesrs 
neariy  oaS  -.2  ::  d^:  ^d-*  =  u>,  the  weight  of  the  deaden     to  revolve  from   the  meridian  to  the  meridian  again  ; 

'hich  the  earth  makes  one  complete  revo* 

s,  which  is  23  hours  aC  4"  6*"  of  mean 

4f     solar  time ;    there  being  366  sidereal  days  in  a  year ; 
See     that  is,  the  earth  makes  366, revolutions  on  its  axis,  thou 


whose  diameter  it  d,  that  is,  ^  of  the  cube  of  the     or  the  time 
diameter.     On  the  contrary,  if  the  weight  be  gi' 
fittd  the  diameter,  it  will  be  ^/$ur  =  d  ;  that  is,  \ 
of  the  weight,  and  the  cubi-  root  of  the  produc 
my  Conic  Sections  and  Svln:!  Il/ierci«es,  pa.  141 ;  or  my^ 
Math.  Course,  vol.  2,  p-  369 

SHOULDKR  of  a  Baaion,  in  Fortification,  is  the  aa- 
gle  where  the  face  and  the  Hank  meet, 

SHOULDERING,   in  Fortification.     See  Efaole- 

MBHT. 

SHUCKBURGH-EVELYN  (SirGBOBOB  A.W.  bart.) 
died  at  biateat  in  Warwick th ire,  Sept.  1804,  in  the  d4th 
year  of  his  age.  He  had  represented  that  county  in  three 
successive  parliaments ;    where  his  integrity,  and  indi 


we  only  tee  the  tun  rite  365  times;  to  that  366  terret- 
trial  revolutions  would  be  exactly  e^ual  to  36&  diurnal 
revoliMiona  of  (he  sun,  if  the  e^inoctial  points  were  at 
rest  in  thu  heavens^  But  these  points  go  t«ckward,  witb 
respect  to  tbe  stars,  at  the  rate  of  iO"  of  a  degree  in  ai 
Julian  year  ;  which  canscth  ihe  stars  to  have  mi  apparent  . 
progressive  motion  eastward  50"  in  that  time.  And  as  the 
sun's  mean  motion  in  the  ecliptic  is  Only  11  signs  39°  A^ 
iOf  1 5'"  in  365  days,  it  follows,  that  at  the  end  of  thai 
time  he  wilt  be   IV  19"  iS'"  short  of  that  point  of  the 


pendent  conduct  as  a  British  senator,  pmcured  him  the     ecliptic  from  which  he  set  out  at  the  begknnii^ ;  and  the 
respect  of  all  wise  and  good  men.     Sir  G.  was  an  elegant     start  will  be  advanced  50"  of  a  degree  with  respect  ta 


classical  scholar,  and  had  improved  his  knowledge  of  m 
and  science  by  profitable  travels  through   Europe. 


Vss  a  coisiderable  mathemat 


n  and  philosopher,  and     with  any  s 


that  point. 
Consequently,  if  the  sun's  centre  be  on  the  meridiaa 


well  skilled  in  astronomy  both  theoretical  and  practical  ; 
in  which  sciences  hit  deep  and  laborious  researches  gave 
him  a  distinguished  rank  in  the  Royal  and  Antiqu 


1  any  given  day  of  the  year,  that  star 


ill  be  14'  19"  45"'  +  5Cr  or  15'  9"  45™  east  of  lbs 
sun't  centre,  on  the  36Sth  day  afterward,  when  the  lun'i 
centre  it  on  the  meridian;    and  therefore  that  star  will 


Societies,  whose  publications  are  adorned  witb  several  of  not  come  to  the  meridian  on  that  day  till  the  sun's  centre 
kit  learned  and  ingenious  compositions,  particularly  his  hat  pasted  it  by  l'  O"  38"'  57""  of  mean  solar  time ;  for 
paper  on  the  Barometrical  Measurements  of  .Altitudes,  the  sun  takes  so  much  time  to  go  through  an  arc  of  15' 
Sir  Geo.  canied  his  mathematical  and  logical  habits  into  9"  45'";  and  then,iB  365* O**  i'  0"  38'"  57""  the  star  will 
every  purpose  in  life,  in  every  circumstance  of  which,  he  have  just  completed  its  366th  revolution  to  the  men- 
was  one  of  tbe  most  correct  and  methodical  of  mt-n.     Of  dian. 

men,  and  motives  of  action,  Sir  Geo.  waa  a  most  accurate         In  the  tbllowing  table,  of  sidereal  revolutJonSr  tie  firrt 

JQC^,  and  was  always  attentive  to  guard  himself  against  column  contains  the  number  of  revolulJons  of  tbe  start; 

the  impositiont  of  the  deiigoing.     In  matters  of  tcience  the  others  exhibit   the  times  in  which  these  revolutioas 

too,  no  m^n  waa  more  wary  of  making  hasty  inferences,  are  made,  as  shown  by  a  well  regulated  clock;    those  on 

or  of  forming  general  coucluuopt  fron  partial  or  inac*  the  right  hand, sbo«  tk«  daily  acceleiatioos  of  tlie  stan^- 
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that  it,  how  much  any  star  gains  upon  the  ttina  she 
such  a  cktck,  in  the  corirsponding  revolutions. 
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This  Uble  will  not  differ  tlie  279,93fi.OOO,OOOth  p«rt  of 
«  second  of  rime  from  the  truth  in  a  whole  year.     It  was     any  like  curn^, 


cacb  o(  which,  tnth  the  stai-ii  in  them,  mc  under  its  pro- 
per article,  AKiu,TAuaua,  &c. 

The  signs  are  Jistinguished,  with  regard  to  the  Keasoa 
of  the  year  nhen  the  sun  is  in  them,  into  vernal,  sstivnl, 
autumnal,  and  brumal. 

yernal  or  SprLig  Sighs,  arc  Aries,  Taurui,  Gemini. ' 

/Eiihai  or  Smmer  Signs,  are  Cancer,  Leo,  Virgo. 

Autuiaaai  Signs,  are  Libra,  Scorpio,  Sagittary. 

Rnanal  or  (fiaiw  Siosa,  are  Capricorn,  Aquarius, 
Pisces,  The  vernal  and  summer  signs  are  als')  called 
northern  signs,  because  they  arc  on  the  north  side  ol  the 
equinoctial ;  and  the  autumnal  and  wiuter  signs  are  called 
southern  ones,  because  they  are  on  the  south  side  of  the 

The  signs  are  alto  distinguished  into  ascrnding  and 
descending,  according  as  they  arc  ascending  toward-  the 
north,  or  descending  inward  the  south.    Thus,  the 

AKcmHag  Sjstfs,  are  Che  winter  and  spring  signs,  or 
those  sis  from  the  winter  solstice  to  the  summer  solstice, 
viz,  Lhe  signs  Capricorn,  Aquarius,  Pisces,  Aries,  Taurus, 
Gemini.     And  the 

Deieaiding  SiONS  ace  the  summer  and  autumo  signs, 
or  the  signs  Cancer,  Leo,  Virgo,  Libra,  Scorpio,  S^t- 
tary. 

SiGRs,  Fixed,  Masculint,  &c  ;  see  the  adjectives. 

SILLON,  in  Fortiti cation,  an  elevalioa  of  earth,  amdjs 
in  tbe  middle  of  the  moat;  to  fortify  it,  when  too  broad. 
It  h  more  usually  called  the  Envelope^ 

SIMILAU,  inAritlimetic  and  Geometry, ihe  same  witk 
like.  Mmilar  things  Ilbvc  Uic  saine  diipo^ilion  or  con- 
formaiion  vl'  paits,  and  difiier  in  notliing  but  as  to  their 
quantity  or  magnitude ;  as  two  sqiiar>-s,  or  two  circles, 
&c.  In  Mathematic!,  similiir  parts,  ns  a,  a,  have  tba 
same  ratio  to  chnr  wkvlos  b,  b;  antl  if  the  wholes  tevo 
the  same  ratio  to  tbefiarta,  the  par{^  arc  similar. 

SiHiLAS  anj^,  are  al«o  equal  angles. 
'  iJiHiLAR  ore*,  of  circles,  are  such  as  arelike  parts  ef 
their  whole  peripheries.     And,  in  general,  siinikr  arcs  of 
tbe  like  parts  ol  the  nholci. 


calculated  by  Mr.  Ferguson;  and  it  is  the  only  table  of 
tbe  J(ind  in  which  the  recession  of  the  equinoctial  points 
Iws  been  taken  into  the  calculation. 

SIGN,  in  Algebra,  a  symbol  or  character,  employed  tei 
denote  some  particular  operation.  Those  most  commonly 
ased  are,  -*■  for  addition,  —  for  lubtractioo,  k  or  •  for 
multiplication,  -~  for  division,  ^fbr  the  square  root, 
^  for  the  cube  root,  and  ^  for  the  nth  root ;  also  =  for 
equality,  fcc. 

SieNs,  liie,  poniiM,  negative,  radical.  See.    See  the     portional.     Ho,  two  elli)Mes  are  figures  of  ibe  i 
adjectives.  but  tbey  are  not  similar  unless  the  axos  of  tbi 


SiHiLAa  bodies,  in  Natural  Philoeophy,  are  siich  as 
have  tkeir  particles  of  the  same  kind  and  nature  one  with 

Similar  Otnes.  Two  regments  of  two  curves  are  said 
to  be  similar  when,  any  ri^ht-lined  fi^re  beiag  inscribe 
within  one  nf  thera,  we  can  inscribe  always  a  siniilai 
rectilineal  6gurc  in  the  other: 

Similar  Conic  SectioM,  aje  such  as  are  of  the  saiM 

kind,  and  bave  their  principal  axes  and  parameters  pto- 

kind, 

hftva 


SiBM,  in  Astronomy,  a  12lh  part  of  the  ecliptic,  or  eo-  tbe  saine  ratio  as  the  axes  of  tjie  other.     And  tbe  same  oi 

diac;  or  a  portion  containing  30  degrees  of  the  Baine.  two  hyperbolas,  or  two  parabolas.     And  geueraUy,  tboM 

Tbe  ancients  divided  the  sodJac  into  12  segments,  called  curves  art  similar,  that  are  of  tbe  saioe  kt«l,  and  b&se 

>)gns;  commencing  at  the  poisit  where  the  ecliptic  and  l^eir  correBpouding  diaiensions  in  the  same  ratio.— tAll 

equinectidl  intersect,  and  so  collating  forward  from  west  circles  aresiiutUr  figures. 

to  east,  according  to  the  course  of  the  sun  ;  these  signs  s   Sihilak  Dinmeten  q^  Conic  Sectioni,  are  sticb  aa  make 

tfaey  named  from  the   12  constellations  which  possessed  equal  angles  nitb  their  onlinales. 

AtMe  segments  in  the  time  of  Hippaichus.     But  tiie  con-  Similar  Figures,  or  plane  figures,  ate  such  as  bane 

stellations  bave  since  so  changed  their  places,  by  the  pre-  all  their  angles  equal  lespeiitively,  each  to  each,  SJuf  iJieir 

cession  of  the  equinox,  that  Aries  is  now  found  in  the  '  sides  abou  c  the  equal  angles  ptoportjonaJ.    And  tbe  saniA 

tigD  cIlledTaurus,  and  Taurus  in  that  of  GetDiai,&c.  of  similar   polygons.— Sim  i)ar  plane  fig\u»s  hav^  tbeir 

'   The  names,  and  characters,  of  the  li  signs,  and  their  ateas  or  contents,  in  the  duplicate  ratio  of  their  like  sidn, 

order,  ore  as  follow  :    Aries  <ir,  Taurus   }$,  GemiDi  n,  or  as  the  squares  of  those  sides. 

Cancer  £,  Leo  Si,  Virgo  i|t.  Libra  a.,  Sco^io  til,  Sa-  Sihilar  Plant  Number*,  are  such  at  may  be  rai)ged 

|ituriu8  /,  Capiicomos  1^,'  Aqnaniu  ss,  Viacea  X  i  >i>to  Uie  &iim  of  ujuilar  lectajiglet;  that  is,  into  ractan* 


TDigit.zec  oy  V^jOO 


bc^le 


S  I  M                                      [■  *!'   J  SIM 

^les  whose  sid«s  are  proportional.      Sach  are  IS  and  nature  h«<d  furntBhed  him  with  tolenti  and  a  genius  for  tar 

48 ;  for  the  didci  of  12  are  6  ind  S,  and  the  sides  of  48  other  pursuits ;  which  led  hira  afterwards  to  the  highest 

■re  12  and  4,  which  are  in  the  same  proportion,  viz,  nankin  the  mathemutical  and  philosophical  sciences. 

6  :  2  :  ;  13  :  4.  Young  Simpson  very  soon  gave  indications  of  his  turn 

Similar  Pofygtms,  are  polygons  of  the  same  number  for  study  in  general,  by  en^crly  reading  all  books  he  could 

of  angles,  and  the  angles  in  the  one  equal  severally  to  the  meet  with,  teaching  himself  to  write,  ajid  embracing  every 

angles  in  the  other,  also  the  tides  about  those  angles  pro-  opportunity  he  could  find  of  deriving  knowledge  from  other 

portional.                                            ,  persons.    His  father  obscrviiighim  thus  to  neglect  his  bu- 

SiMii.AiiiI«:((i>^b*,aretfao$etbathavctheirsidesabout  sijiess,  by  spending  his  time  in  reading  what  he  thought 

the  like  angles  proportional. — All  squares  are  similar.  useless  hooks,  and  following  other  Mmilar  pursuits,  used 

Similar  Segmtnt*  qfcircta,  are  such  as  contain  equal  sU  bis  endeavours  to  check  such  proceedings,  and  to  itt- 

angles.  duce  him  to  follow  his  profession  with  steadiness  and  better 

Sim iL A  K  Solida,  are  such  as  are  contained  under  the  e^'ct.  An'd  aflenniiny  struggles  for  this  purpose,  the  dif- 
tame  number  of  similar  planes,  alike  situated. — Similar  ferencci  thus  produced  between  ihcm  at  length  rose  to  such 
solids  are  to  each  other  as  the  cubes  of  tbeir  like  linear  a  height,  that  out  author  quitted  his  father's  houM  en- 
dimensions,  lirely. 

Similar  Solid'Nttmben,  aie  those  whose  little  cubes  .      On  this  occasion  he  repaired  to  Nuneaton,  a  town  at  a 

may  be  so  ranged,  as  to  form  similar  parairelopipeitons.  small  distance  from  Bosworth,  where  he  went  to  lodge  at 

SiMiLA  R  TViaaglei,  are  such  as  are  equiangular  ones,  the  house  of  a  tailor's  widow,  of  the  name  of  Swin^etd, 

'    or  have  all  their  three  angles  respectively  equal  in  each  who  had  been'  left  with  two  children,  a  daughter  and  a 

triangle.     For  it  is  snfliicient  for  triangles  to  be  similar,  that  son,  by  her  husband,  of  whom  the  son,  who  was  the  younger, 

they  be  equiangular;  because,  being  equiangular,  tbey  ne~  being  but  about  twoyears  older  than  Simpson,  bad  become 

cessarily  have  their  sides  proportional,  which  is  a  condition  his  intimate  friend  and  companion.    And  here  he  continued 

of  similarity  in  all  figures.     As  to  other  figures,  having  sometime,  working  at  his  trade,  and  improving  his  know-' 

more  sides  than  three,  they  may  be  eqaiangular,  without  ledge  by  reading  sucb  hook*  as  he  could  procure, 

having  their  sides  proportional,   and  therefore  without  Among  several  other  circumstances  which,  long  befora 

being  similar. — Similar  trianglesare  as  the  squares  of  their  this,  gave  occasion  to  show  our  author's  early  thint  for 

like  sides.  knowledge,  as  well  as  proving  a  fresh  incitement  to  acquire 

SIMILITUDE,  in  Arithmetic  and  Geometry,  denotes  it,  was  that  of  a  large  solar  eclipse,  which  took  place  on 

the   relation  of  things  that  ars  similar  to  each  other,  the  llth  day  of  May,  1724.     This  phenomenon,  so  awful 

Euclid  and,  after  him,  rnost  other  authors,  demonstrate  to  many  who  are  ignorant  of  the  cause  of  it,  struck  the 

every  thing  in  geometry  from  the  principle  of  congruity.  mind  of  young  Simpson  with  a  strong  curiosity  to  discover 

Wolfius,    instead    of    it,   substitutes   that   of  similitude,  the  reason  of  it,  and  to  be  able  tv  predict  the  like  sur- 

which,  he  says,  was  communicated  to  him  by  LeibnilE,  piising  events.     It  was  however  several  years  before  he 

and  which  he  finds  of  very  cgnsiderable  tise  in  geometry,  could  obtain  his  desire,  which  at  length  was  gralitied  by 

as  serving  to  demonstrate  many  things  directly,  which  are  the  following  accident.     After  be  had  been  some  time  at 

only  demonstrable  from  the  principle  of  congruity  in  a  Mrs.  Swinfield's,  at  Nuneaton,  a  travelling  pedlar  came 

very  tedious  manner.  Uiat  way,  and  took  a  lodging  at  the  same  house,  accord- 

SIMPLE,  something  not  mixed,  or  not  compounded  ;  ing  to  his  usual  custom.     This  man,  to  his  profession  of 

in  which  ssnsc  it  stands  opposed  to  compound.     I'be  ele*  an  itinerant  merchai>tj  had  joined  the  more  profitable  one 
ments  arc  simple  bodies,  from  the  composition  of  which  -  of  a  fortune-teller,  which  he  performed  by  means  of  judi- 

ihere  result  all  surts  of.  mixed  bodies.  cial  astrology.     Everyone  knows  with  what  regard  persons- 

Simple  E(juuiion,  Fraction,  and  Surd,     See  the  sub-  ofsych  a  cast  are  treated  by  the  inhabitants  of  country 

atantivn.  villages;  it  cannot  he  surprising  therefore  that  an  untu- 

SiHPLB  SluantUiei,  in  Algebra,  are  those  that  consist  lored  lad  of  ig  should  look  upon  this  man  as  a  prodigy, 
of  one  term  only ;  as  a,  or  —  ab,  or  3«6c  :  in  opposition  and,  regarding  him  in  this  light,  should  endeavour  to  in- 
to compound  qaantitics,  which  consist  of  two  or  more  gratiate  himself  into  his  favour;  in  which.he  succeeded  so 
terms  ;  as  a  .«-  ft,  or  a  +  2fr  —  Sac.  well,  that  the  sage  was  no  less  taken  with  the  quick  natural 

SmPLE  Ftank,  and  Taiaille,  in  Fortification.     See  the  parts  and  genius'  of  his  new  acquaintance.     The  pcdlnr, 

substantives.  intending  a  journey  to  Bristol  fair,  left  in  the  hands  of 

Simple   Machine,  Motion,  Penibilum,  and    Wheel,  in  young  Simpson  an  old  edition  of  Cocker's  Arithmetic,  to 

Mechanics.    See  the  substantives.    The  simplest  machines  which  win  subjoined  a  short  Appendix  on  Algebra,  and 

are  always  the  most  esteemed.    And  in  geometry,  the  most  a  book  upon  Gciiitures,  by  Partridge  the  almanBC-inaker. 

simple  demonstrations  are  the  best           '  These  books  he  had  perused  to  so  good  purpose,  during 

Simple    Problem,    in  '  Mathematics.    .  See    Liiibar  the  absence  of  his  friend,  as  to  exeite  bis  amazement  upon 

ProhUm.  his-return  ;  in  consequence  of  which  he  set  himself  about 

Simple  Vition,  in  Optics.     See  Via ■  oh.  erecting  a  genelhliacal  hgure,  in  order  to  a  presage  of 

SIMPSON  (Thomas),  y.  r-  s.  a  very  eminent  malhe-  Thomun's  future  fortune, 

matician,  and  professor  of  mathematics  in  the  Itoyal  Mi-  This  position  of  the  heavens  having  been  maturely  con- 

litary  Academy  at  Woolwich,  was  born  at  Market  Bos-  sid/eredsccundum  artcm,  thewizard,  with  greatcontidence, 

worth,  in  the  county  of  Leicester,  the  20ib  of  August  1710.  pronounced,  that,  "  within  two  ycar^  lime  Simpson  would 

Hii  father  was  a  stuff  weaver  in  that  town;  and  though  in  turn  out  a  greater  man  than  himself!" 

tolerable  circumstances,  yet,  intending  to  bring  up  his  son  In  fact,  our  author  profited  so  well  hy  the  encouragt^ 

Thomas  to  his  own  business,  he  took  so  little  care  of  his  ment  and  assistance  of  the  pedlar,  afforded  him  from  time 

edncaiioB,  that  h«  wea  only  taught  to  read  English;    But  to  time  when  he  occasionally  came  (o  Nuneaton,  that,  by 
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the  sdvica  of  hia  friend,  be  at  length  nwde  an  open  pio-  in  the  DUry  for  17S6,  iiid  therefore  mutt  at  latest  have 

fetsion  of  casting  nativities  himself;  from  which,  together  been  written  in  the  year  1735.   These  two  questions,  bcit^ 

with  teaching  an  evening  ichoot,  he  derived  a  pretty  pit*  at  that  time  pretty  diSicult  ones,  show  the  great  progress 

tance,  so  that  he  gteatly  neglected  hia  weaving,  to  which  he  had  even  then  made  in  the  mathematics;  and  from  an 

indeed  he  bad  nevi-r  manifested  any  great  attachment,  and  expression  in  (he  first  ofihem,  vis,  where  he  mentions  bis 

soon  became  the  oracle  of  Nuneaton,  Boswortb,  and  ihc  residence  as  being  in  latitude  52°,  It  appears  be  was  not 

environs.     Scarce  a  coortsbip  advanced  to  a  match,  or  a  then  come  up  to  Loodoa,  though  he  must  have  done  so 

bargain  to  a  sale,  without  previously  consulting  the  iufal-  very  soon  after. 

lihie  Simpson  about  the  cunsequeuces.     But  as  to  helping  Together  with  his  astrology,  he  had  soon    furnished 

people  to  stolen  good*,  be  always  declared  that  above  bis  himself  with  arithmetic,  algebra,  and  geometry  sufficient 

skill;  and  over  life  and  death  be  declared  he  had  no  power  :  to  be  qualified  for  looking  into  the  Ladies  Diary  (of  which 

all  those  called  lawful  questions  be  readily  resolved,  pro-  be  hod  afterwards  for  several  years  the  direction),  by 

vided  the  persons  were  certain  as  to  the  horary  data  of  the  which  he  came  to  understand  that  (here  was  a  (till  higher 

horoscope:  and,  be  has  often  declared,  with  such  success,  branch  of  the  malheraatical  knowledge  than  any  he  had 

that  if  from  very  cogent  reasons  be  bad  not  been  thoroughly  yet  been  acquainted  wilh  ;  and  this  was'  the  method  of 

convinced  of  the  vain  foundation  and  fallaciousness  of  hia  Flunions.     But  our  young  analyst  was  quire  at  a  loss  to 

art,  he  never  should  have  dropt  it,  as  he  aderwards  found  discover  any  English  author  who  had  written  on  the  sub- 

himself  in  conscience  bound  to  do.  ject,  except  Mr.  Hayes ;  and  his  work  being  a  folio,  and 

About  this  time  he  married  the  widow' Swinfield,  in  then  pretty  scarce,  exceeded   his  ability  of  purchasing: 

whose  bouse  he  lodged,  though  she  was  then  almost  old  however  an  acquaintance  lent  him  Mr.  Stoni's  Fluxions, 

enough  to  be  bis  grandmother,  being  upwards  of  fifty  years  which  is  a  translation  of  the  Marquis  de  I'Hospital's  Ana> 

of  age.  After  this  tbe  family  lived  comfortably  enough  to-  lyse  des  Infinimens  Petils  i  by  this  one  book,  and  his  own 

gether  for  some  short  lime,  Simpsbn  occasionally  working  penetrating  talents,  he  was,  as  we  nball  see  presently,  en> 

at  his  business  of  a  weaver  in  (be  day-time,  and  teaching  ahled  in  a  very  few  years  to  compose  a  much  more  accu- 

•n  evening  school  or  telling  fortunes  at  night ;  tbe  family  rate  treatise  on  this  subject  than  any  (bat  bad  before  ap- 

being  also  further  assisted  by  the  labours  of  young  Swin-  peared  in  our  language. 

field,  who  had  been  brought  up  in  tbe  profestion  of  bis  After  be  had  quilted  astrology  and  its  emoluments,  ha 

father.  was  driven  to  hardships  for  the  subsistence  of  his  family. 

But  this  tranquillity  was  soon  interrupted,  and  our  while  at  Derby,  notwithstanding  his  other  industrious «r- 

muthor  driven  at  once  from  his  home  and  the  profession  of  deavoun  in  his  own  trade  by  day,  and  teacbii^g  pupils  at 

astrology,  by  the  following  accident.     A  young  woman  in  evenings.     This  determined    him  to    repair  to   London, 

the  neighbourhood  had  longwished  to  bear  or  know  tome-  which  he  did  in  1735  or  1736. 

thing  of  her  lover,  who  had  been  gone  to  sea ;  but  Simp-  On  his  first  coming  to  London,  Mr.  Simpson  wrought 

son  had  put  her  off  from  time  to  time,  till  the  girl  grew  at  for  some  time  at  his  business  in  Spitalfields,  and  taught 

last  so  importunate,  that  he  could  deny  her  no  longer,  mathematics  at  evenings,  or  any  spare  hours.     His  indns- 

He  asked  her  if  she  would  be  afraid  if  he  should  raise  the  try  turned  to  so  good  account,  that  he  returned  down  into 

devil,  thinking  to  deter  her ;  but  she  declared  she  feared  the  country,  and  brought  up  his  wife  and  three  children, 

neither  ghost  nor  devil :   so  he  was  obliged  to  comply,  she  having  produced  her  first  child  to  him  in  his  absence. 

The  scene  of  action  pitched  on  was  a  barn,  and  young  Tbe  number  of  hit  scholars  increasing,  and  his  abilities 

Swinfield  was  to  act  (he  devil  or  ghost ;  who  being  con-  becoming  in  some  measure  knoWn  to  ibe  public,  he  was 

cealed  under  gome  straw  in  a  corner  of  the  barn,  was,  at  encouraged  to  make  proposals  for  publishing  by  subscrip- 

a  signal  given,  to  rise  slowly  out  from  among  the  straw,  tion,  "  A  new  Treatise  of  Fluxions :  wherein  the  Direct, 

with  his  face  marked  so  that  the  girl  might  not  know  him.  and  Inverse  Methods  are  demonstrated  after  a  new,  clear, 

Every  thing  being  in  order,  the  girl  came  at  the  time  ap-  and  concise  Manner,  with  their  Application  to  Physics 

pointed;  when  Simpson,  after  cautioning  her  not  to  be  and  Astronomy:    alto   the   Doctrine    of  Infinite  Seriea 

afraid,  began  muttering  some  mystical  words,  and  chalk-  and  Reverting  Series  universally,  are  amply  explained, 

ing  round  about  them,  (ill,  on  the  signal  given,  up  rises  Fluxionary  and  Exponential  Equations  solved ;  together 

the  tailor  slow  and  solemn,  to  tbe  great  terror  of  tbe  poor  with  a  variety  of  new  and  curious  Hrohleras." 

girl,  who.  before  she  bad  seen  half  bis  shoulders,  fell  into  The  book  was  published  in  4ta,  in  the  year    1737) 

violent  fiis,  crying  out,  it  was  the  very  image  of  her  lover;  though  the  author  had  been  frequently  interrupted  from 

and  iheefTect  upon  her  was  so  dreadful,  that  it  wasthought  furnishing  th«  press  so  fast  at  he  could  have  wished, 

either  death  or  madness  must  be  the  consequence.    So  that  through  hit  unavoidable  attention  to  his  pupils  for  his 

poor  Simpson  was  obliged  immediately  to  abandon  at  unce  immediate  support.    The  principles  of  fluxions  treated  of 

both  his  home  and  the  profession  of  a  conjuror.  in  this  work,  arc  demonstrated  in  a  method  accurately 

On  (his  occasion  it  would  seem  he  fled  to  Derby,  where  true  and  genuine,  not  di&rent  from  that  of  their  great 

be  remained  about  two  or  three  years,  vis,  from  1^33  till  inventor,  being  entirely  expounded  by  Qnite quantities. 

1735  or  1736;  instructing  pupils  in  an  evening  school.  In   1740,  Mr.  Simpson  published  a  Treatise  on  Tha 

and  working  at  his  trade  by  day.  Nature  and  Laws  of  Chance,  in  4to.     To  which  are  an- 

It  would  seem  that  Simptonhad  anearly  turn  forversi-  nexed.  Full  and.  clear  Investigations  of  two  important 

fying,  both  from  the  circumstance  of  a  song  written  here  Problems  added  in  the  2d  edition  of  Mr.  Demoivre's 

infavourof  the  Cavendish  family,  on  occasion  of  the  par-  Book  on  Chances,  as  also  two  New  Methods  for  tbe 

liamentary  election  at  ^that  place,  in  the  year  1733;  and  Summation  of  Series. 

'  from  his  first  two  mathematical  questions  that  were  pub-  Our  author's  next  publication  was  a  4li>  volume  of 

lithed  iu  the  Ladies  Diary,  which  were  both  in  a  set  of  Essays  on  several  curious  and  interesting  Subjects  in  Sp»- 

verset,  not  ill  written  for  the  occauon.  These  were  printed  culstire  and  Mixed  Mathematics;  printed  in  tbe  some 
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year  1^40.     Soon  after  the  publication  of  thii  book,  he 
was  chosen  a  inember  of  the  Royal  Academy  at  Stockholm. 

Our  author's  next  work  was,  The  Doctrine  of  Annui- 
ties and  Reversions,  deduced  Trom  general  and  evident 
Principles:  with  useful  Tahlea,  showing  the  Values  of' 
Single  and  Joint  Lives,  &c,  in  8vo,  174S.  lliis  wras  fol- 
lowed, in  J743,  by  an  Appendix  containing  some  Remarks 
on  a  late  book  on  the  same  Subject  (by  Mr.  Abr.  De- 
moi*re,  f.  k.  a.)  with  Answers  to  sotne  personal  and  ma- 
ligmnt  RepreientatioDs  in  the  Preface  thereof.  To  this 
answer  Mr.  Demoivre  never  thought  fit  to  reply.  A  new 
vdition  of  ibis  work  has  lately  been  pablished,  augmented 
with  the  tract  on  the  same  subject  that  was  printed  in  our 
puthor't  Select,  Exercises. 

In  1743  also  was  published  bis  Mathematical  Disserta- 
.tioni  on  a  variety  of  Physical  and  Analytical  Subjects,  in 
4to;  containing,  among  Dtlier  particulars, 

A  Demonstration  of  the  true  Figure  which  the  Eartb, 
or  any  Planet,  must  acquire  rroro  its  Rotation  about  an 
Axis.  A  general  Inrestigation  of  the  Attraction  at  the 
Surfiuet  of  Bodies  nearly  spherical.  A  Determination  of 
the  Meridional  Parts,  and  the  Lengths  of  the  several  De- 
gKBi  of  the  Meridian,  according  to  the  true  Kignre  of  the 
£anb.  An  Investigation  of  the  Height  of  the  Tides  in 
the  Ocean.  A  new  Theory  of  Astronomical  Refractions, 
with  exact  Tables  deduced  from  the  same.  A  new  and 
very  ei^ct  Method  for  approximating  the  Roots  of  Equa- 
tions in  Numbers;  which  (jufntuples  the  Numbi-rof  Places 
at  each  Operation.  Several  new  Methods  for  the  Sum- 
mation of  Series.  Some  new  and  very  useful  Improve 
roents  in  the  Inverse  Method  of  Fluxions.  The  work 
being  dedicated  to  Martin  Folkes,  esq.  president  of  the 
Royal  Society. 

His  next  book  was  A  Treatise  of  Algebra,  wherein  the 
fundamental  Principles  are  demonstrated,  and  applied  to 
the  Solution  of  a  Variety  of  Problems.  To  which  he 
added,  Tha  Construction  of  a  great  Number  of  Geome- 
trical Problems,  with  the  Method  uf  resolving  them  nu- 
merically. 

This  work,  which  was  designed  for  the  use  of  young 
banners,  wu  printed  iu  8vo,  1745-  A  new  edition  ap- 
peared in  1755,  with  additions  and  improvements ;  among 
which  was  a  new  and  general  method  of  resolving  all  bi- 
quadratic equations,  that  are  complete,  or  having  all 
their  terms.  The  work  has  gone  throu^  several  other 
editions  since  that  time :  the  6th,  or  last,  was  in  1790. 

Hts  next  work  was,  "  Eleraentsof  Geometry,  with  their 
Application  to  the  Mensuration  of  Superficies  and  S<^ds, 
to  the  Determination  of  Maxima  and  Minima,  aud  to  the 
Construction  of  a  great  Variety  of  geometrical  Problems :" 
first  published  in  1747,  in  8vo.  And  a  second  edition  of 
the  same  cane  out  in  17fiO,  with  greet  alterations  and 
additinn^  being  in  a  manner  a  new  work,  designed 
for  young  beginners,  particularly  for  the  genllenien  edu- 
cated at  the  Royal  Military  Academy  at  Woolwich,  and 
other  editions  have  appeared  since. 

Mr.  Simpson  met  with  some  trouble  and  vexation  in 
consequence  of  the  first  edition  of  hisGeometiy.  First* 
from  tome  reflexions  made  upon  it,  aa  to  the  accuracy  of 
cerlaio  parts  of  it,  by  Dr.  Robert  Simson,  the  learned 
professor  of  mathematia  in  the  university  of  Glasgow,  in 
the  notes  subjoined  to  his  edition  of  Euclid's  Elements. 
This  brought  on  answer  to  those  remarks  from  Mr.  Simp- 
son, in  the  notes  added  to  the  3d  edition  as  above ;  to 
tome  parts  of  which  Dr.Simion  again  replied  iu  his  notes 
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on  the  next  edition  of  the  said  Elements  of  Euclid. —  - 
The  second  was  by  an  illiberal  charge  uf  having  stolen 
his  Elements  from  Mr.  Muller,  the  professor  of  fort<6ca- 
tion  and  artillety  at  the  same  academy  at  Woolwicbt 
where  our  author  was  professor  of  geometry  and  metbe- 
matics.  This  chai^  was  made  at  the'end  t^  the  preface 
to  Mr.  Uidler's  Elements  of  Mathematics,  in  two  vo- 
lumes, printed  in  174S;  which  was  fully  refuted  by  Mr. 
Simpson  in  the  preface  to  the  Sd  edition  of  his  Geometry. 

In  ir*8  came  out  Mr.  Simpson's  Trigonometry,  Plane 
and  Spherical,  with  the  Construction  and  AppUcaiion  of 
Logarithms,  8vo.  This  little  book  contains  several  things 
new  and  useful. 

Is  1750  came  out,  in  two  volumes,  8vo.  The  Doctrine 
and  Application  of  Fluxions,  containing,  Ijesides  what  is 
common  on  the  Subject,  a  Number  of  new  Improvements 
in  the  Theory,  and  the  Solution  of  a  Variety  of  new  and 
very  interesting  Problems  in  diSerent  Branches  of  the 
Mathematics.— In  the  prebce  the  author  offers  this  to  the 
world  as  a  new  book,  rather  than  a  second  edition  of  that 
which  was  published  in  1737,  in  which  he  acknowledges, 
that,  besides  errors  of  the 'press,  there  are  several  obscuri- 
ties and  defects,  for  want  of  experience,  and  the  many  dis- 
advantages he  then  laboured  under,  in  his  first  sally. 

The  ides  and  explanation  here  given  of  the  first  princi- 
ples of  fluxions,  are  not  essentially  different  from  what 
they  are  in  his  former  treatise,  though  expressed  in  other 
terms.  The  consideration  of  time  introduced  into  the 
general  definition,  will,  he  says,  perhaps  be  disliked  by 
those, who  would  have  fluxions  to  be  mere  velocities :  but 
the  advantage 'of  considering  [hero  otherwise,  viz,  not  as 
the  velocities  themselves,  but  as  magnitudes  they  wonid 
uniformly  generate  in  a  given  time,  appears  toobvialeany 
objection  on  that  head.  By  taking  Quxions  as  mere  ve> 
locities,  the  imagination  is  confined  as  it  were  to  a  point, 
and  without  proper  care  insensibly  involved  in  metaphy- 
sical  difficulties.  But  according  to  this  other  mode  of 
explaining  the  matter,  less  cautioA  in  the  learner  is  ne- 
xessary,  and  the  higher  orders  of  fluxions  are  rendered 
much  more  easy  and  intelligible.  Besides,  though  sir 
Isaac  Newton  defines  fluxions  to  be  the  velocities  of  mo- 
tions, yet  he  has  recourse  to  the  increments  or  moments 
generated  in  equal  particles  of  time,  in  order  to  determine 
those  velocities;  which  he  afterwards  teaches  to  expound 
by  finite  magnitudes  of  other  kinds.  This  work  was  dedi- 
cated to  George  eari  of  Macclesfield. 

In  1753  appeared,  in  8vo,  the  Select  Exercises  for 
young  Proficients  in  the  Mathematics.  This  neat  voluma 
contains,  A  great  Variety  of  algebraical  Problems,  with 
their  Solutiotis.  A  select  Number  of  Geometrical  Pro- 
blems, with  their  Solutions,  both  algebiaical  and  geometft- 
col..  The  Theory  of  Gunnery,  independent  of  the  Canic  Sec- 
tions. A  new  and  very  comprehensive  Method  for  finding 
the  RooU  of  Equations  in  Numbers.  A  short  Account 
of  the  firat  Principles  of  Flnxions.  Also  the  Valuhtion  of 
Annuities  for  single  and  joint  Lives,  with  a  Set  of  new 
Tablet,  far  more  extensive  than  any  extant.  This  last 
part  was  designed  as  a  supplement  to  his  Doctrine  of  An- 
nuities and  Keversioiu;  but  being  thought  too  small  to, 
be  published  alone,  it  wu  inserted  here  at  the  end  of  the 
Select  Exercises ;  from  which  however  it  bat  been  re- 
moved in  the  last  editions,  and  fefenvd  to  its  proper  place, 
the  end  of  the  annuities,  as  before  mentioned.  The  ex- 
amples that  are  given  to  each  problem  in  this  last  piece, 
are  according  to  the  London  bills  of  mortality ;  but  tkfi 
3  £ 
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solutiooE  &re  generali  uid  msy  be  applied  witb  equal  fa-  wu  a  motive  to  induce  Mr.  Simpson,  among  some  Others, 
cility  and  advantage  to  any  other  table  of  ob3erv&ti<me.  tocadeavour  to  discover  whether  the  tEOtiun  of  the  muon's 
Mr.  Simpson's  Miscellaneous  TracLi,  printed  in  4to,  apogee,  on  which  thai  objection  had  its  whole  weight  and 
17 A7>  were  bi«  last  legacy  to  the  public :  a  most  valuable  foundation,  could  not  be  truly  accounted  for,  without 
bequest,  whether  we  consider  the  dignity  and  importance  suppoiuug  a  change  in  the  received  law  of  graviiation, 
of  the  subjects,  or  his  sublime  and  accurute  manner  from  the  inverse  ratio  of  the  squares  of  xbc  dikiagces. 
of  tieating  them.  The, first  of  these  papers  is  concerned  The  success  answered  his  hope*,  and  induced  bim  to  look' 
in  determiaing  the  Precession  of  the  Equinox,  and  the  fu'ther  into  other  parts  »f  the  tht^ry  of  the  moon's  mo- 
difierent  Motions  of  the  Earth's  Axis,  arising  from  the  tiun,  than  he  bad  at  first  intended :  but  before  be  bad 
Attraction  of  the  Sun  and  Moon.  It  was  drawn  up  a^out  cmnpleted  bis  design,  M.  Clairaut  arrived  in  England, 
the  year  1752,  in  consequence  of  another  on  the  same  and  paid  Mr.  Simpson  a  visit;  from  whom  he  learnt,  that 
subject,  by  M.  de  SylvabcUe,  a  French  mathematician,  he  had  a  little  before  printed  a  piece  on  that  Mibject,  a 
Though  this  gentleman  had  gone  through  one  part  of  the  copy  of  wbich  Mr.  Simpson  afterwards  received  as  a  pre- 
subject  with  success  and  perspicuity,  and  his  conclusions  sent,  and  found  in  it  the  same  things  demonstrated,  to 
were  perfectly  conformable  to  Dr.  Bradley's  observaticns ;  which  fac  himwlf  had  directed  his  enquiry,  besides  se- 
ll Hevertheless  appeared  to  Mr.  Simpson,  that  he  had  veral  oiJtere. 

greatly  failed  in  a  v«ry  material  part,  and  that  indeod  the  The  facility  of  the  method  Mr.  Simpson  fell  upon, 
only  very  difiicult  one;  that  is,  in- the  determination  of  and  the  extevsiveness  of  it,  will  in  some  measure  appear 
the  momentary  alteration  of  the  position  of  the  earth's  from  this,  that  it  not  only  determines  the  motion  uf  the 
axis,  caused  by  the  forces  of  the  sun  and  moon;  of  wtOck  «pogee,  in  the  same  manner,  and  with  the  same  ease,  as  ibe 
forces,  the  quautitiea,  but  rot  the  eftcts,  are  truly  inveiti-'  other  equatiuns,  but  utterly  excludes  all  that  dangerous 
gated.  The  sei^nd  paper  contains  the  Investigation  of  a  4und  of  terms  that  had  embaniissed  ihe  greuiest  oiatho- 
very  exact  Iklethod  or  Rule  far  finding  the  Place  at  a  "tuaticitins,  and  would,  after  a  great  number  of  revulntions. 
Planet  in  its  Orbit,  from  a  Correction  of  Bishop  Ward's  entirely  change  the  figure  of  the  nioon'i  orbit:  u'heoce 
circular  Hypotbrais,  by  Means  of  certain  Equations  ap-  this  important  consequence  is  derived,  that  the  moon's 
plied  to  the  Motion  about  the  upper  Focus  of  the  Ellipse;  nieao  motion,  and  the  greatest  quantities  of  tiie  several 
By  this  Method  the  Result,  even  in  the  Orbit  of  Mercury,  equations,  will  remain  unchanged,  unless  disturbed  by  tlie 
may  be  found  within  a  Second  of  the  Truth,  and  intervention  of  some  foreign  or  accidental  cause, 
that  without  repeating  the  Operation,  llie  third  shows  Besides  the  foregoing,  which  are  the  whole  of  the  regu- 
the  Manner  of  transferrin)!  the  Motion  of  a  Comet  from  a  larbooka  or  treatises  that  were  published  by  Mr.  Simp- 
parabolic  Orbit,  to  an  elliptic  one ;  bciiig  of  great  UsO^  son,  he  wrote  and  composed  several  other  papers  and  fu- 
when  the  observed  Places  of  a  ncQ'  Comet  are  found  to  gitive  pieces,  as  follow: 

differ  sensibly  from  those  computed  on  the  Hypothesis  of  Several  papers  of  bis'were  road  at  the  meetings  of  the 

a  parabolic  Orbit.     The  fourth  is  an  Attempt  to  show,  Royal  Society,  and  printed  in  their  Transactions  ;  but  as 

from  mathematical  Principles,  the  Advantage  arising  from  most,  if  not  all  of  them,  were  afterwards  inserted,  with  ^ 

taking  the  Mean  of  a  Number  of  Observations,  in  prac-  alterations  or  additions,  In  his  printed  volumes,  it  is  need- 

tical  Astronomy ;  wherein  the  Odds  that  the  Result  in  this  less  to  take  any  farther  notice  uf  them  here. 

Way,  is  more  exact  than  from  one  single  Observation,  is  He  proposed,  and  resolved  many  questions  in  the  La- 

evim:ed,  and  the  Utility  of  the  Method  in  Practice  clearly  dies  Diaries,  &c  ;  sometimes  under  his  own  name,  a) In 

made  appear.     The  fifth  contains  the  Determination  of  the  years  1735  and  1736;    and  sometimes  under  feigned 

certain  Fluents,  and  the  Resolution  of  some  very  useful  or  fictitious  names ;  such  as,  it  is  thought,  Hurlotbrum- 

£quatian«,  in  thp  higher  Orders  of  Fluxions,  by  Means  bo,  Kubemetes,  Patrick  O'Cavenah,  Mannaduke  Hodg- 

of  the  Measures  of  Angles  and  Ratios,  and  the  right  and  son,  Anthony  Shallow, Esq.  and  probably  several  others; 

vened  Sines  of  circular  Arcs.     The  6ih  tr«ats  of  the  Re-  see  the  Diaries  for  the  years  17S5,  1/36,  43,  43,  53,  5*, 

solution  of  algebraical  Equations,  by  the  Method  of  Surd-  55,  56,  57,  5S,  bd,  and  60.     Mr.  Simpson  was  also  the 

divisors ;  in  which  the  Grounds  ot  that  Method,  as  laid  editor  or  compiler  of  ihe  Diaries  from  the  year  1754  till 

'  down  by  Sir  Isaac  Newton,  are  investigated  and  explained,  .the  year  I760,  both  inclusive,  during  which  time  he  raised 

The  7th  exhibits  the  Investigation  cf  a  general  Rule  for  that  work  to  die  highest  degree  of  respect.     He  was  suC- 

the  Resolution  of  I soperi metrical  Problems  of  all  Orders,  ceeded  in  the  editorship  by  Mr.  Edw.  Rollioson,  who  con- 

with  some  Examples  of  the  Use  aad  Application  of  the  tinued  fill  his  death  in  the  year  1773.     See  my  Diarian 

said  Rule.    The  Mb,  or  lest  part,  comprehends  the  Reso-  Miscellany,  vol.  3. 

lutioo  of  some  general  and  very  important  Probleroe  in  It  has  also  been  commonly  supposed  that  he  was  the 
Mechanics  and  Hiysical  Astronomy  ;  in  which,  among  real  editor  of,  or  had  a  principal  share  in,  two  other  pc- 
otfaer  Things,  the  principal  Parts  of  the  3d  end  ^th  Sec-  nodical  works  of  a  miscellanoous  mathematical  nature ; 
tions  ^f  the  first  Book  of  Newton's  Prlncipia  are  demon-  viz,  the  Mathematician,  and  Turner's  Mathematical  Ex - 
stmted  in  a  new  and  concise  Manner.  But  what  may  ercises,  two  volumes,  in  8vo,  which  carae  out  in  periodi- 
perhaps  best  recoitimertd  this  excellent  tract,  is  the  appli-  cal  numbers,  in  the  years  1750  and  1751,  &c.  The  lat- 
cation  of  tbe  general  equations,  thus  derived,  to  the  de-'<ter  of  these  eeeros  etpeciatly  to  have  been  set  on  foot  to 
termination  of  tbe  Lunar  Orbit.  '  >  afibrd  a  proper  place  for  exposing  the  errors  and  absurdi- 
According  to  what  Mr.  Simpson  had  intimated  at  the  ties  of  Mr.  Robert  Heath,  the  then  conductor  of  the  La- 
conclusion  of  his  Doctrine  ofFtuxions,  the  greatest  part  dieeDiary  and  Pdladium  ;  and  whichcoacroversybetiween 
of  this  .arduous  undertaking  was  drawn  up  in  the  year  them  ended  in  tbe  disgrace  of  Mr,  Heath,  and  expulsion 
1750.  Abont  that  time  M.  Clairaut,  a  very  eminent  ma-  from  bis  office  of  <dttor  lo  tbe  Ladies  Diary,  and  the  sub- 
thematician -of  the  French  Academy,  had  started  an  ob-  stitation  of  Mr.  Simpson  in  his  stead,  in  the  year  1753. 
jection  against  Newton's  general  law  of  gravitattM).     This  In  the  year  1760,  when  the  plans  proposed  for  civet- 
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ing  &  new  bridge  at  Blachfrisn  v»e  Jo  B^tation,  Mr. 
Simpson,  among  other  genjlenien,  nag  consalted  on  the 
beu  form  for  the  srcb»,  by  the  New-bridge  Comroiftee. 
On  this  occasion  he  gavE  a  preference  to  the  semicirculftr 
ibrm ;  and,  besides  his  report  to  the  Cororaittee,  some . 
letters  aUs  appeared,  by  himsolf  and  others,  on  the  same 
subject,  in  the  public  newspapers,  particutarly  in  the 
Duly  Advertiser,  and  in  Lloyd's  Evenina  Post.  The 
same  were  also  collected  in  the  Gentleman's  Magaiiiie 
lor  that  year,  page  143  and  144. 

It  is  probable  that  this  reference  to  hiro,  gave  occasion 
to  the  turning  his  tttooghts  more  seriously  lo  this  snbject, 
m  as  to  formithe  design  of  composing  a  regular  treatise 
upon  it  T  for  his  family  have  often  informed  me,  that  he 
laboured  hard  upon  this  work  for  some  time  before  his 
death,  and  was  very  anxious  to  have  completed  it,  fre- 
quently reinarking  to  them,  that  this  work,  when  publish- 
ed, would  procure  him  more  credit  than  any  of  hia  fo^er 
publications.  But  he  lived  not  to  put  the  finishing  hand 
toil.  Whatever  be  wrote  upon  this  subject,  probably 
felt,  together  with  all  his  other  remaining  papera,  into  the 
hands  of  Major  Henry  Wat»on,  of  the  engineers,  in  the 
service  of  the  India  Company,  being  in  all  a  lar^  chest 
fiill  of  papers.  This  gemlemsn  bad  been  a  pupil  of  Mr. 
Sinpson's,  and  had  lodged  in  his  house.  After  Mr.  Simp- 
son's  death,  Mr.  Watson  prevailed  upon  the  widow  to  let 
him  have  the  papers,  promising  either  to  give  her  a  sum 
of  money  for  them,  or  else  to  print  and  publish  them  for 
her  benefit.  But  neither  of  these  was  ever  done;  this 
gentleman  always  declaring,  when  urgett  on  this  point 
by  myself  and  others,  that  tio  use  could-be  made  of  any 
of  the  papers,  owing' to  the  very  imperfect  state  In  which 
be  said  they  were  left.  And  yet  he  persisted  in  his  re- 
fusal to  give  them  up  again. 

From  Mr.  Simpson's  writings,  I  now  return  to  himself. 
Through  the  inbrest  and  solicitations  of  William  Jones, 
Esq.  he  was,  in  17*3,  appointed  professoE  of  mathema- 
tics, ttien  vacant  by  the  death  of  Mr,  Derham,  in  tie 
Royal  Academy,  at  Woolwich  ;  bis  warrant  bearing  date 
August  25th.  And  in  1745  he  was  admitted  a  fellow  of 
the  Royal  Society,  having  been  proposed  as  a  candidate 
by  Mariin  Folkes,  esq.  president,  William  Jones,  esq. 
Mr.  George  Graham,  and  Mr.  John  Machin,  secretary  ; 
all  very  eminent  mathematicians.  The  president  and 
council,  in  consideration  of  his  very  moderate  circum- 
•tances,  were  pleased  to  excuse  his  admission  fees,  and 
likewise  bis  giting  bond  for  the  settled  future  pay- 
ments. 

At  the  academy  he  exerted  his  Realties  to  the  utmost, 
in  instructing  the  pupils  who  were  the  immediate  objects 
of  his  duty,  as  well  as  others,  whom  the  superior  officers 
of  the  ordnance  permitted  to  be  boarded  and  lodged  in  his 
boose.  In  his  msitn^  of  teaching,  Itebad  a  peculiar  and 
happy  address ;  a  certain  d^nity  and '  persprcuily,  tem- 
pered with  such  a  degree  df  mildness,  as  engaged  both  the 
attention,  esteem,  and  friendship  of  his  scholars;  of  which 
rb«  good  of  the  service,  as  well  as  of  the  community,  was 
a  necessary  consequence. 

In  the  latter  of  stage  of  his  existence,  when  liis  life  was 
in  danger,  eitereise  and  a  proper  regimen  were  prescribed 
bnn,  but  to  little  ptrrpoie;  fbr  he  sank  gradually  info 
such  a  lowness  of  spirits,  as  often  in  a  manner  deprived 
bim  of  his  mental  Acuities,  and  at  last  rendered  him  in- 
Capable  of  performii^  his  duty,'  or  even  of  reading  the 
letters  of  his  friends ;  and  so  trifling  an  accident  as  the 
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The  [Aysicians  advised  his  native  air  for  his  lecove^y  j 
and  in  February,  I76l,  he  set  out,  with  much  reluctance 
(believing  he  should  never  return),  fsr  Bosworth,  along 
with  some  relations.  The  journey  fatigued  him  to  such  a 
degree,  that  on  his  arrival  he  betook  himself  to  his  cham- 
ber, where  he  grew  continually  worse  and  wone,  to  the 
day  of  his  death,  which  happened  the  14th  of  May,  in 
the  fil^y-^nt  ycsrof  his-age. 

SIMSON  (Dr.  Robert),  professor  of  mathematics  in 
the  university  of  Glasgow,  was  the  eldest  son  of  Mr.  John 
Simson,  of  Kirtonball  in  Ayrshire,  and  was  bom  on  the 
14th  of  Oct.  1687.  Being  designed  by  his  father  for  the 
church,  after  having  got^he  usnai  school  education,  he 
was  sent  to  the  uaiversity  of  Glasgow  about  the  year 
1701,  where  he  was  distinguished  by  his  proficiency  in 
classical  learning,  and  in  the  sciences.  At  this  time, 
from  temporary  circumstances,  it  happened,  that  no  ma- 
thematical lectures  were  given  in  the  college ;  but  young 
Simson's.  inqnistlive  mind,  from  some  fortunate  incident, 
having  been  directed  to  geometry,  he  soon  found  the  study 
of  that  science  to  be  congenial  to  his  taste  and  capacity. 
This  taste  however,  from  an  apprehension  that  it  might 
obstruct  his  application  to  subjects  moie  Connected  with 
the  study  of  theology,  was  anxiously  discouraged  by  his 
father,  though  it  would  seetn  widi  little  effect. 

Having  procured  a  copy  of  Euclid's  ElemenU,  with  the 
aid  only  of  a  few  preliminary  explanations  from  some 
more  advanced  stuc^nts,  he  entered  on  the  study  of  that 
oldest  and  best  introduction  to  mathematics.  In  a  short 
time  be  read  and  understood  the  first  six,  with  the  11th 
and  IStfa  books,  and  afterwards  proceeding  stilt  thrther 
in  .his  mathematical  pursuits,  by  his  progress  in  the  more 
difficult  branches  he  laid  the  foundation  of  his  future 
eminence.  He  did  not  however  neglect  the  other  sciences 
then  taught  in  the  college ;  but  in  proceeding  through  the 
regular  course  of  academical  study,  he  acquired  tfao 
principles  of  that  variety  of  knowledge,  which  he  retained 
through  life,  and  which  contributed  much  to  the  estima- 
tion of  his  conversation  and  roannere  in  society.  His 
chief  attention,  however,  was  directed  to  his  favourite 
science;  so  that  his  reputation  as  a  mathematician  in  A 
few  years  became  so  high,  and  his  general  character  so 
much  respected,  that  in  I7I0,  when  he  was  only  2i  yean 
of  age,  the  members  of  the  college  voluntarily  made  him 
an  ofer  of  the  mathematical  chair,  in  which  a  vacancy  ii 
ft  short  lime  was  expected  to  fake  a  place.  From  his  DSr- 
tural  modesty  however,  he  felt  much  rdoctance,  at  to 
early  an  age,  to  advance  abruptly  from  the  state  of  a  stu- 
dent, to  that  of  a  professor  in  the  same  college ;  and 
therefore  he  solicited  permission  to  spend  one  year  at 
least  in  London,  Where,  besides  other  obvious  advantages, 
he  might  have  opporttmities  of  becoming  acquainted  widl 
some  ot*  the  eminent  mathematicians  of  England,  who  were 
then  the  most  distinguished  in  Europe.  In  this  proper 
request  he  was  readily  Indulged  ;  and  without  dday  he 
proceeded  to  London,  where  he  remained  about  a  year, 
diligently  employed  in  the  improvement  of  hu  mathema- 
tical knowled^. 

This  journey  turned  out  very  favourable  to  his  views  ; 
and  he  had  Tnncb  satisfaction  in  the  acquaintance  of  some 
respectable  mathematicians,  particularly  of  Mr.  Jones, 
Mr.  Caswell,  Dr.  Jurin,  and  Mr.  Dlttoti.  With  the  latter, 
indeed,  who  wSs  then  mathetnatrcat  master  of  GbrHfs- 
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HospiUl,  and  well  ateened  for  bis  learning  &c,  b«  was  in  the  solution  of  problems,  and  demomt ration  of  tbso- 
Biore  |)aniculaTly  connected.  It  appears  from  Mr.  S.'t  renis,  which  occurred  from  his  own,  studies,  or  from  the 
own  account,  in  bis  letter,  dated  London,  Nov.  1710,  suggestions  of  others.  His  cunveraation  on  raaihematicaV 
that  he  expected  to  have  had  an  assistant  in  his  studies  and  other  subjects  continued  to  be  clear  and  accurate; 
chosen  by  Mr.  Caswell ;  but,  from  some  mistake,  it  was  yet  he  had  some  strong  impressions  of  the  decline  of  bis 
omitted,  and  Mr.  S.  himself  applied  to  Mr.  Ditton.  He  memory,  of  which  be  frequently  cumpiaiued  ;  and  this 
went  to  him  not  as  a  scholar  (his  own  words),  but  to  have  probably  protracted,  and  finally  prevented  bis  under- 
general  jnfoimation  and  advice,  about  his  mathematical  taking  the  publication  of  some  of  his  works,  which  were 
studies.  Mr.  Caswell  afterwards  mentioned  to  Mr.  S.  that  in  so  advanced  a  state,  that  with  little  trouble  they  might 
be  meant  to  have  procured  Mr.  Jones's  assistance,  if  he  have  been  completed  for  the  press.  So  that  bis.only  pub- 
had  not  been  engaged.  lication,  after  resigning  -bis  vfEce,  was  a  new  and  im- 
When  the  vacancy  in  the  professorship  of  mathematics  proved  edition  of  Euclid's  Data,  which  in  1762  was  an- 
«t  Glasgow  did  occur,  in  the  following  year,  by  the  resig-  nexed  to  the  Sd  edition  of  the  Elementa.  But  from 
nationof  Dr.  Ilobert  Sinclair,  orSinclar  (ad^scendiint  or  that  period,  though  much  solicited  to  bring  forward 
other  relative  probably  of  Mr.  .George  Sinclar,  who  died  some  of  his  other  works  on  the  ancient  geometry,  though 
in  that  office  in  1696),  the  university,  while  Mr.  Simsoo  he  knew  well  how  much  it  was  desired,  and  though  he 
^was  still  in  London,  appointed  him  to  fill  it;  and  the  mi-  was  fully  apprised  of  the  universal  curiosity  excited 
nute  of  election,  which  is  dated  March  11,  171),  con-  respecting  his  discovery  of  Euclid's  Porisms,  he  resisted 
eluded  with  this  very  proper  condition,  "  That  tbey  will  every  importunity  on  the  subject. 

admit  the  said  Mr.  Robert  Simson,  providing  always,  that  A  life  like  Dr.  Simson's,  purely  academical  and  per- 
be  give  Eatisfactoiy  proof  of  his  skill  in  mathematics,  fectly  uniform,  seldom  contains  occurrences,  the  record- 
previous  to  bis  admission."  He  returned  to  Glasgow  be-  ing  of  which  could  be  either  interesting  or  useful.  But 
fore  the  ensuing  session  of  the  college,  and  having  gone  his  mathematical  labours  and  inventions  form  the  impor- 
through  the  form  of  «  trial,  by  resolving  a  geometrical  tant  part  of  his  character;  and  with  respect  lo  them, 
'  problem  proposed  to  him,  and  also  by  giving  "  a  satis-  there  are  abundant  materials  of  information  in  his  print- 
foetory  specimen  of  bis  skill  in  mathematics,  and  dex-  ed  works ;  and  some  circumstances  also  may  be  ^thered 
terity  in  teaching  geometry  and  algebra  ;"  having  pro-  froin  a  number  of  MS.  papers  which  he  left ;  and  which, 
duced  also  respectable  certificate^  of  his  linowtedce  of  the  by  the  direction  of  his  executor,  are  deposited  in  the 
science,  from  Mr.  Caswell  and  others,  he  was  Sa]y,  ad-  library  of  the  cellege  of  Glasgow.  It  is  to  be  regretted, 
mitted  professor  of  mathematics,  on  the  20th  of  Novem-  that,  of  the  extensive  correspondence  which  he  carried  on 
ber  of  that  year.  through  life,  with  many  distinguished  matbematiiians,  a 
Mr.  Simson,  immediately  after  his  admission,  entered  small  portion  only  is  preserved.  Through  Dr.  Jurin,  then 
on  the  duties  of  bis  office,  and  bis  first  occupation  neceg-  secretary  of  the  Royal  Society,  be  bad  some  intercourse 
SMiily  was  the  arrangement  of  a  proper  course  of  instruc-  with  Dr.  Halley,  and  other  distinguished  members  of 
tjontbr  the  students  who  attended  his  lectures,  in  two  that  Society.  And  both  about  the  same  time,and  aftei^ 
distinct  classes.  Accordingly  be  prepared  elementary  wards,  be  bad  frequent  correspondence  with  Mr.  Mac- 
sketches  of  some  branches  on  which  there  were  oot.suit-  laurin,  with  Mr.  James  Stirling,  Dr.  James  Moor,  Dr. 
able  treatises  in  general  use.  Both  from  a  sense  of  duty  Matthew  Stewart,  Dr.  Wm.  Trail,  and  Mr.  Williamson 
ai>d  from  inclination,  he  now  directed  the  whole  of  his  of  Lisbon.  In  the  latter  part  of  bis  life,  bis  mathematical 
attention  to  the  study  of  mathematics;  and  though  be  correspondence  was  chiefly  with  ibat  eminent  geometer 
had  a  decided  preference  for  geometry,  which,  continued  the  late  earl  Sianbope,  and  with  George  Lewis  Scott, esq. 
through  life,  yet  he  did  not  devote  himself  to  it  to  the  As  to  his  character,  Dr.S.  was  originally  possessed  of 
exclusion  of  the  other  branches  of  mathematical  science,  great  intellectual  powers,  an  accurate  and  distinguishing 
in  most  of  which  there  is  sufficient  evidence  of  his  being  understanding,  an  inventive  genius,  and  a  retentive  me- 
well  skilled.  From  1711,  be  continued  near  JO  years  mory:  and  these  powers,  being  excited  by  an  ardent  cu- 
to  teach  mathematics  to  two  separate  classes,  at  different  riosity,  produced  a  singular  capacity  for  investigating 
hours,  five  days  in  the  week,  during  a  continued  session  the  truths  of  mathematical  science.  By  such  talents, 
of  seven  months.  His  manner  of  teaching  was  uncom-  with  a  correct  taste,  formed  by  the  study  of  the  Greek 
manly  clear  and  successful;  and  among  his  scholars,  geometers,  be  was  also  peculiarly  qualified  for  communis, 
sneral  rose  to  distinction  as  mathematicians;  among  eating  his  knowledge,  both  in  bis  lectures  and  in  his  wri- 
which  may  be  mentioned  the  celebrated  names  of  Dr.  tings,wiih  perspicuity  and  elegance.  He  was  at  the  same 
Jdatthew  Stewart,  professor  of  mathematics  at  Edin-  time  modest  and  unassuming ;  and,  though  not  indifl»- 
buifh;  the  two  rev.  Dr.  Williamsons,  one  of  whom  sue-  rent  to  literary  fame,  he  was  cautious,  and  even  reserved, 
^eded  Dr.  Simson  at  Glasgow  ;  the  rev.  Dr.  Trail,  for-  in  bringing  forward  his  own  discoveries,  but  always  ready 
merly  professor  of  mathematics  at  Aberdeen;  Dr.  James  to  do  justice  to  the  merits  and  inventions  of  others. 
Moor,  Greek  professor  at  Glasgow :  and  professor  Robi-  Though  his  powers  of  investigation,  in  the  early  part  of 
son,  of  Edinburgh,  with  many  others  of  distinguished  life,  were  admirable,  yet  before  any  decline  of  his  health  - 
merit.  In  the  year  1758,  Dr.  S.  being  then  71  years  of  appeared,  he  felt  strong  impressions  of  the  decay  both  of 
age,  found  it  necessary  to  employ  an  assistant  in  teach-  his  memory  and  other  faculties  ;  occasioned  probably  by 
ing;  and  in  1761,  on  his  recommendation,  the  rev.  Dr.  the  continued  exertion  of  his  mind,  in  those  severe  stu* 
Williamson  was  appointed  his  assistant  and  successor.  dies,  which  for  a  number  of  years  be  pursued  with  unre- 

During  the  remaining  ten  years  of  his  bfe,  he  enjoyed  mitting  ardour. 

R  pretty  equal  share  of  good  health  ;    and  continued  to  Besides  his  raalbematical  attainments,  from  his  liberal 

occupy  himself  in  correcting  and  arranging  some  of  bis  education  he  acquired  a  considerable  knowledge  of  other 

nalhematical  papen,  and  occasionally  Sot  smuKinetit,  iciencet,  which  iia  preserved  ibrough  life,  by  occuional 
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mding,  and,  in  some  degree,  bj'  his  constant  intercoaree  hii  comiutny  that  ever)-  thing  in  these  meetings  should  b« 
wiih  many  learned  men  in  b>s  college.  He  was  csieemed  directed  by  bim;  and  tfaough  his  authority,  growing  wtlh 
ft  good  classical  scholar ;  and,  though  the  simplicity  of  his  yean,  was  somewhat  abiutute,  yet  tbe  good  butnour 
geometrical  demonstration  does  not  admit  of  much  va-  with  which  it  was  administered,  rendered  it  plcasi.-ig  to 
riety  of  style,  yet  in  bis  works  a  good  taste  in  that  re-  c»ery  body.  He  had  his  own  chair  and  place  at  table; 
spect  may  be  distingui^iheil.  In  hi<'  Latin  prefaces  aUo,  be  gave  insiructiuni  about  the  entiTtainment,  regulated 
in  whlcii  tberc  is  some  hisliiry  and  iliscussiun,  the  purity  tbe  time  of  breaking  up,  and  adjusted  the  expense.  These 
of  laoituage  has  been  gcncruliy  a|'pruved.  It  is  to  be  re-  parties,  in  the  years  of  his  severe  study,  were  a  desirable 
greitcd,  indeed,  that  he  had  not  hud  an  opportunity  of  and  useful  rrtaxation  to  his  raind,  and  tbey  continued  to 
employing,  in  early  life,  his  Greek  and  raathemstical  arau»ebim  till  within  n  few  months  of  bis  death, 
learning,  in  giving  an  edition  of  Pappus  in  the  original  Strict  integritjr  and  private  wi>rth,  with  corresponding 
laii|uage-  purity  of  morals,  gave  the  highest  value  to  a  character, 

Dr.  Siinson  never  was  married;   and  the  uniform  re-     which,  from  other  qualities  and  attainments,  was  much 
gularity  of  a  long  life,  spent  within  the  walls  of  his  col-     tespected  and.  esteemed.     Qn  all  occasions,  even  in  the 
k'ge,  naturally  produced  li\ed  and  peculiar  habits,  wh'ich     gayest  hours  of  social  intercourse,  (he  Doctor  maintained 
"a  constant  utteijlton  to  propriety.     He  bad  serious  and 
just  impri^iiojis  of  religion ;    but  he  was  uniformly  re- 
served in 'e.\|^,ressitig  particular  opinions  about  it;  and, 
from  his  sentiments  of  decorum,  he  never  introduced  re- 
ligion as  a  subject  of  conversation  in  mixed  society,  and 
all  aliempts  to  do  so  in  his  clubs  were  checked  witli  gra- 


iwever,  v[ith  llie  sincerity  of  bi 
feniling,  and  became  even  mteresiin^  to  ihosu  with  whom 
he  lived.  The  strictness' of  these  habits,  which  indeed 
pervaded  all  bis  occupations,  probably  ijad  an  influence 
also  on  the  direction  and  snccess  of  some  of  his  scientilic 
pursuits.  His  hours  of  study,  of  amusenu'nt,  and  of  ex- 
ercuc,  were  ell  regulated  with  uniform  precision.  The 
walks  eveu  in  the  squares  or  garden  of  the  college  were 
all  measured  by  bis  steps,  and  he  took  his  exercises  by 
the  hundreds  of  paces,  according  tu  his  (im«  or  incli- 

ft  has  been  mentioned,  that  an  ardent  curiosity  was  an 
eminent  feature  in  hia  character.     It  contributed  essen- 
tially to  his  success  in  the  mathematical  investigations, 
and  it  displayed  itself  in  the  small  and  even  trifling 
currencesof  common  life.  Almost  every  object 
excited  it,  and  suggested  some  probh 


in  his  person.  Dr.  S.  was  tall  and  erect ;  and  his  coun- 
tenance, which  was  handsome,  conveyed  a  pleasing  ex- 
pression of  (he  superior  character  of  bis  mind.  His  man- 
ner had  always  somewhat  of  the  fashion  which  prevailed 
in  the  eQfly  part  of  his  life,  but  was  uncommonly  grace- 
ful. He  was  seriously  indisposed  Only  for  a  few  weeks 
before  his  death,  and  through  a  very  long  life  had  enjoyed 
a  uniform  state  of  good  healtb.  He  died  on  the  first  of 
id  event  October  I768,  when  his  81st  year  was  almost  completed  ; 
_  having  bequeathed  bis  small  paternal   estate  in  Ayrshire 

patient  to  resolve.  This  disposition,  when  opposed,  as  it  to  the  eldest  son  of  his  next  brother,  probably  of  his 
ofteu  necessarily  was,  to  bis  natural  modesty,  and  to  ibe  brother  Thomas,  who  was  professor  of  medicine  in  the 
formal  civility  of  his  manners,  occasionally  produced  an  university  of  St.  Andrews,  and  who  is  known  by  some 
embarrassment,  which  was  amusing  to  bis  friends,  and  works  of  reputation,  particularly  a  Dissertation  on  tbe 
sometimes  a  little  distressing  to  himself.  Nervous  System,  occasioned  by  the  Dissection  of  a  Braia 

in  his  disposition,  Dr.  S.  was  both  chearful  and  so-  completely  Ossified, 
ciable;  and  his  conversation,  when  he  was  at  ease  among  The  preceding  account  of  Dr.  S.  has  been  abridged  ' 
bis  friends,  was  animated  and  various,  enriched  with  much  and  eMracted  from  some  other  accounts  of  him  ;  as,  the 
anecdote,  especially  of  tbe  liierary  kind,  but  always  un-  Account  of  his  Life  and  Writings  by  the  rev.  Dr.  William 
affected.  It  was  enlivened  also  by  a  certain  degree  of  Trail,  lately  published  (181S)  ;  and  from  Ihe  account  of 
natural  humour;  and  even  the  slight  fits  of  absence,  to  Dr.  S.  and  his  works,  by  the  late  professor  Itobison,  in 
which  in  company  be  was  occasionally  liable,  contri-  the  Encyclopedia  Britannica;  and  partly  from  an  inge- 
buted  to  tbe  entertainment  of  his  friends,  without  dimi-  nious  MS.  account  of  his  life  and  writings,  written  and 
Dishing  (heir  affcciion  and  respect,  which  his  excellent  communicated  by  Mr.  James  Miller,  the  present  roatbe- 
4)ualities  were  calculated  to  inspire. ,  One  evening  (Fri-  matical  professor  of  Glasgow ;  but  more  closely  from 
day)  ,in  the  we^k  be  devoted  to  a  club,  cbit'fly  of  his  Dr. Trail's  work,  where  a  very  learned  and  critical  ac- 
own  selection,  which  met  in  a  I&vern  fiear  tbe  college,  count  of  Dr.  Simson's  writings  is  to  be  seen. 
The  first  part  of  tbe  evening  was  employed  in  playing  the         The  writings  and  publications  of  Dr. 


game  of  whist,  of  which  he  was  particularly  fond  ;  but, 
though  be  took  no  small- trouble  in  estimating  chances, 
it  was  remarked  that  he  was  often  unsuccessful.  The  rest 
of  the  evening  was  spent  in  chearful 


5  almost  ex- 
clusively of  the  pure  geometrical  kind,  afler  tbe  genuine 
manner  of  the  ancients.     He  has  only  two  pieces  printed 
s  of  the  Philosophical  Transactions  :  viz, 
1.  Two  General  Propositions  of  Pappus,  in  which  many 


s  he  hod  some  taste  for  music,  he  did  nut  scruple  to     of  Euclid's  Porisms  are  included,  vol.  32,  ann.  1733.— 
s  party  with  a  song;  and  it  is  said  that  he  was     These  two  propositions  were  afterwards  incorporated  into 


rather  fond  of  singing  some  Greek  odes,  to  which  modi 
music  had  been  adapted.  On  Saturdays  he  usually 
dined  in  the  village  of  Anderston,  then  about  a  mile  dis- 
tant from  Clasgow,  with  some  of  the  members  of  his  re- 
gular club,  and  with  a  variety  of  other  respectable  visi- 
tors, who  wisbed  to  cultivate  the  acquaintance,  and  enjoy 
the  society  of  so  eminent  a  person.     In  the  progress  of 


time,  from  hii  age  and  character,  it  became  the  wish  of    1749,  4to. 


the  author's  lai^  posthumous  Works,  published  in  1776, 
by  Philip,  earl  Stanhope. 

2.  On  tbe  Extraction   of  tiie  Approximate  Roots  of 
Numbers  by  Infinite  Series  :   vol,  48,  ann.  1753. 

The  separate  publications  in  his  life-time,  were  ; 

3.  Conic  Sections,  in  1735,  4to. 

4.  Tbe    Loci    Plani    of   Apoltonius,    restored ;    in 
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4.  Euclid's  Elements;  in  1756,    4to,    and  since  that 
.  time,  many  editions  in  Svo,  with  the  additien  of  Euclid's 

Data. 

5.  After  his  death,  earl  Stanhope  was  at  the  expense 
of  a  publication,  in  1776,  of  several  of  Dr.  S.'s  post- 
humous pieces;  which  were  (Ij  Apollonius's  Determi- 
nate Section  :  (2)  A  Treatise  on  Porisms  :  (3)  A  Tract  on 
Logarithms:  (4)  On  the  Limits  of  Quaniitics  and  Ratios: 
(3)  Some  Select  Geometrical  Problems. 

Besides  the  tracts  published  in  these  posthumous  works. 
Dr.  S.'s  manuscripts  contained  a  great  variety  of  geome- 
trical propositions,  and  other  interesting  observations  on 
different  parts  of  the  mathematics  ;  though  not  in  a  stale 
fit  for  publication.  Among  other  things,  was  an  edition 
of  the  works  of  Pappus,  in  a  stale  of  coijsiderable  ad- 
vancement, and  which,  had  he  lived,  he'  perhaps  might 
have  published.  The  copy  (ff  Pappus,  i^rthsU  Dr.  S.'s 
notes  and  explanations,  it  seems  were,  soon  after  his 
death,  sent  by  his  executor  to  the  University  of  Oxford, 
with  a  view  to  publication;  but  which  however  it  docs 
not  appear  has  yet  been  accomplished.  It  is  true  indeed, 
Dr.  S.'s  copy  contains  a  large  collection  of  materials,  from 
which  to  make  a  proper  selection  would  probabfy  require 
considerable  labour,  as  well  as  judgment. 

SINCLAR  (George),  was  professor  of  philosophy  in 
the  university  of  Glasgow,  and  author  of  several  works 
on  mathematical  and  physical  subjects.  He  was  dismiss- 
ed from  his  professorship  soon  nfter  the  restoration,  on 
account  of  his  political  principles;  but  was  legalled  lo 
it  on  the  change  of  government  at  the  revolution  in  l6S8 ; 
he  died  in  1696.  Mr.  Sinclar's  publications  werei  l.Ty- 
rocinia  Mathematica,  12mo.  Glasc.  I661 ;  2.  Ars  Nova 
et  Magpa.&c,  4to.  Koterod.  1669;  3.  Hydrostatit^s, 4to, 
Edinb.  1672;  4.  Hydrostatical  Experiments,  with  a  Dis- 
course on  Coal,  8vo.  Edinb.  16BO;  5.  Principles  of  As- 
tronomy and  Navigation,  12mo.  Edinb.  I6BB.  Besides 
which,  a  very  extravagant  production,  called,  "  Satan's 
Invisible  World  discovered"  has  been  ascribed  to  bJm ; 
it  bears  the  initials,  G.  S.  of  his  name. 

Mr.Sinclar's  writings  are  not  destitute  of  ingenuity  and 
research  ;  though  they  may  contain  some  erroneous  and 
cxcentric  views.  '  Hia  work  on  Hydrostatics,  and  his  Ari 
Kova  et  Mngtia  Gravitalis  et  Lcviiatis,  and  perhaps  also 
bis  political  principles,  provoked  the  indignation  of  some 
persons ;  on  which  occasion  Mr.  James  Gregory,  author 
of  the  Optica  Promota,  5(c,  and  then  professor  of  ma- 
thematics at  Saint  Andrews,  animadverted  on  him  rather 
severely  in  a  treatise  entitled,  "  The  Great  and  New  Art 
of  weighing  Vanity,  &c.  under  the  name  of  Patrick  Ma- 
thers, Archbedal  of  St.  Andrews." 

Considerable  attention  seems  to  have  been  paid  by  Mr. 
Sinclaf  to  such  branches  of  hydrostatics  as  were  of  a 
practical  nature ;  and  it  has  been  said  he  was  the  first 
person  who  suggested  the  proper  method  of  draining  the 
water  from  the  numerous  coal  mines  in  the  south-west  of 
Scotland.  During  the  period  he  was  deprived  of  his 
oflice,  he  resided  about  the  southern  and  border  counties, 
collecting  and  affording  useful  information  on  the  subjects 
of  mining,  engineering,  &c :  particularly  he  was  employ- 
ed by  the  magistrates  of  Edinburgh  on  the  then  new  plan 
for  supplying  (he  city  with  water,  &c. 

SINE,  of  an  arc,  in  Trigonometry,  a  right  line  drawn 
from  one  extremity  of  the  arc,  perpendicular  to  the  radius 
.  drawn  to  the  other  extremity  of  it :  Or,  it  is  half  the  chord 
of  double  the  arc.     Thus  the  line  de  b  the  sine  of  the  luc 
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Bn  ;  being  drawn  from  one  end  n 
of  that  arc,  perpendicular  to  CB 
the  radius  drawn  to  the  other  ex- 
tremity B.  For  the  same  reason  also 
DE  is  the  sine  of  the  arc  ad,  which 
is  the  supplement  of  b»  to  a  semi- 
circle or  180  degrees;  so  that  every 
sine  is  common  to  two  arcs,  which 
are  supplements  to  each  other,  or 
whose  sum  is  equal  to  180  degrees. 

Hence  the  sines  increase  always  from  nothing  at  b,  till 
they  becomi-  the  radius  cu,  which  is  the  greatest  .being 
the  sine  of  the  quadrant  BG,  From  hence  they  decrease 
throughout  the  second  quadrant  from  G  to  a,  till  they 
quite  vanish  at  the  point  A  ;  thereby  showing  that  the  sine 
of  the  semitircle  bga,  or  180  degrees,  is  nothing.  After 
(his  they  arc  negative  in  the  next  semicircle,  or  3d  and  4th 
quadrants  afb,  being  drawn  on  the  opposite  side,  or  down- 
wards from  the  diameter  ab, 

W/iole  Sin  e,  or  Sinus  Tolui,  is  the  sine  of  the  quadrant 
BG,  or  of  90  degrees  ;  that  is,  the  whole  sine  is  the  same 
with  the  radius  CG. 

Stm-Complemeni,  or  Cotine,  is  the  sine  of  an  arc  cg, 
which  is  the  complement  of  another  arc  bs,  to  a  qua- 
drant. That  is,  the  line  dh  is  the  cosine  of  the  arc  bd  ; 
because  it  is  the  sine  of  dg  which  is  the  complement  of 
BD.  And  for  the  same  reason  de  is  the  cosine  of  oc. 
Hence  the  sine  and  cosine  and  radius,  of  any  arc,  form  a 
right-angled  triangle  cde  or  cdh,  of  which  the  radius  Ci» 
is  the  hypothenuse ;  and  therefore  the  square  of  the  radius 
iii  equal  to  the  sum  of  the  squares  of  the  sine  and  cosine 
of  any  arc,  thai  is,  CD*  ^  ce*  +  ed'  or  =1  ch'  -t-  DM*. 
It  is  evident  that  the  cosine  of  0  or  nothing,  is  the  whole 
radius  cb.  From  a,  where  this  cosine  is  greatest,  the  co- 
sine decreases  as  the  arc  increases  from  a  along  the  qua- 
drant BDG,  till  it  become  0  for  the  complete  quadrant  bg. 
After  this,  the  cosines,  decreasing,  become  negative  from 
hence  to  the  complete  semicircle  at  a.  Then  the  cosines 
increase  again  all  the  way  from  a  through  i  to  B  ;  at  1 
the  negittion  is  destroyed,  and'the  cosine  is  equal  to  0  or 
nothing;  from  i  to  b  it  is  positive,  and  at  b  it  is  again  be- 
come equal  to  the  radius.  So  that,  in  general,  the  cosines 
in  the  1st  atid  4th  quadrants  arc  positive,  but  in  the  2d  and 
3d  negative. 

Versed-SiVE,  is  the  part  of  the  diameter  between  the 
sine  and  the  arc.  So  be  is  the  versed  sine  of  the  arc  bi>, 
and  AE  the  versed  sine  of  ad,  alio  gh  the  versed  sine  of 
DG,  &c.  All  versed  sines  are  affirmative.  The  sum  of 
the  versed  siiie  and  cosine,  of  any  arc  or  angle,  is  equal  to 
the  radius,  that  is,  be  -t-  ec  =  ac. 

The  sines  &c,  of  every  degree  and  minute  in  a  qua- 
drant, are  calculated  to  the  radius  1,  and  ranged  in  tables 
for  use.  But  because  operations  with  these  natural  sines 
require  much  labourin  multiplying  and  dividing  by  them, 
the  logarithms  of  them  arc  taken,  and  ranged  in  tnbh'S 
also;  and  these  logarithmic  sines  are  Commonly  used  in 
practice,  instead  of  the  natural  ones,  as  they  require  only 
additions  and  subtractions,  instead  of  multiplications  and 
divisions.  For  the  method  of  constructing  (he  scales  of' 
sines  &c,  see  the  article  Scale. 

The  sines  were  introduced  iiito  trigonometry  by  tho 
Arabians,  And  for  the  etymology  of  the  word  Sine,  sec  In- 
troduction to  my  Logarithms,  pa.  17  '&c.  Also  the  va- 
rious ways  of  CBlcnlalnig  tables  of  the  sines,  may  be 
seen  in  the  same  place,  pa.  13  Sec. 
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Tlte  relatiou  which  subtists  between  the  sines  and  co- 
si  nes  of  any  arcs  of  a  circle,  and  thuse  of  their  sums,  dif- 
ferences, and  multiples,  constitute  what  is  sometimes 
lefmed  the  arithmetic  of  sines.  Thia  branch  of  calcula- 
tion has  its  origin  in  the  application  of  aJgebra  to  geome- 
tr}-,  andts  of  great  importance  in  the  more  difficult  parts 
of  the  mathematics,  as  well  as  in  their  application  to  phy- 
sics. The  following  theorems  «re  those  of  the  greatest 
utility,  and  of  the  most  extensive  application ;  the  inves- 
tigation of  which  may  be  seen  in  my  Course  of  Matheina- 
tics,  and  other  woiks  on  trigonometry. 

Previous  however  to  exhibiting  those  formule,  we  may 
make  the  following  connected  obtervatious,  which  arc  im- 
mediately deduced  from  uhat  has  been  before  said  in  the 
definition  of  the  sine  of  an  arc  :  namely,  in  the 

2d  quad.   '3d  quad.        4th<]U^d. 


SIN 


Sin  is 
Cos 


1st  quad. 


2.  Sin  (a  —  £)  9  «jn  a .  cos  6  —  co*#  .sin  £ 

3.  Cos  (n  +  &)  =  cos  A  .  cos  A  —  sin  a  .  sin  ^ 

4.  Cos  [a  ~  b)  =  cos  a .  cos  6  ■+■  sin  a  .  sin  b. 
Hence  again, 

5.  Sin  (a  +  fc)  M-  sin  (a  -  ft)  =  2  sin  a  .  cos  4 

6.  Sin  (a  -h  6)  -  tin  (a  -  6)  =  2  c«^  .  sio  t 

7.  Cos  (a  -  i)  +  cos  (a  ■*-  ft)  =  2  cos  fl  .  cos  * 

8.  Cos  (a  -ft)  -  cos  (a  +  ft)  ?:  2  (ip  «  .  sin  A. 
And  if  in  these  last  four  fprmulx,  we  substitute  na  for 

a,  and  a  for  ft,  we  obtain, 

9.  2  Cos  a  .  sin  na  =  sin    («  -»■  I)a  +  sin  (»  -  ])  o 
10.  2  Sin  a  .  eos  na  =  sin     (n  -•-  i)o  —  gin  (n  ~  i)  a 

12.  2  Sin  a   sin  na  =  -  cosCn  +  \)a  +  cos  (n  -  I)  • 
And  from  these  we  may  deduce  thje  powers  of  the  sines 
and  cosines  of  arcs,  in  terms.of  ifae  sum  and  difference  of 
cerwin  multiples  of  those  arcs,  thus; 
Sin    a  =;       sin    a 


360° 


2Sin«tt,=::  -  cfls  2a  -h  1 
4  Sin*  a  =  —  sin  3a  +  3  sin  a 
Cos  is       rad.  0  -  rad.  0  r.  8Sin*o=       cm  4a  —  * coa 2a  ^.' 3 

Again,  if  p  be  made  fc>  represent  ihe  semi  circumference     «,  cj"»  '"  ^        sin  5a  -  5  sm  So  +  10  si 
of  a  circle,  the  radius  of  Which  IS  r,  and  «  be. o,  or  any     ^s.'^t^J  -  ^»8<t  +  «  cm4«  -  l5cos2«  +  10 
whole  number,  then  wc  shall  have  the  following  general 


lults. 


Sin 


«p         =  0 


Cos  a  =^/{t* 


Sin  -^—-p-  =  0 

Sin  -~—p  =  — 
Also,  sin  a  =  sin  (p  - 
(3;>  —  a)  &c. 

Now,  trom  the  anneKcd 
and  what  has  been  alceady  oh- 


6*  Sin^  a  =  —  sin  7^ 
And  generally 

2— sin"a  =  ±sinna±, 
iin(n  _  4)8  &c;     Or 
2-'  sin'  a'=  ±  cos  «a  5: 
cos  [n  ~  4-)a  Sic, 


7  siaJta  -  ^1  tin  3a  +  S5  sin  9. 


a(B-2)a±. 


.{»■ 


W  (n  -  2)0  ±  - 


served  of  the  similar  triangles, 
we  easily  deduce  the  following 
formuUe,  expressing  the  sine  sod 
cosine  of  any  arc  a,  in  terms  of 
the  tangent,  secast,  radius,  &c. 
Sino^^(r*  —  cos^o) 


In  the  first  of  which  series,  (he  upper  sign  must  be  used 
when  u  IS  an  odd  number  of  the  form  +»  -»-  1 ,  and  the 
lower  sign,  when  n  is  of  the  fom  ♦».  -  I . 

In  the  second  series,  the  upper  sign  must  be  nsed  when 
« is  of  the  form  *m,  and  tlie  lower  sign  when  n  is  of  Uie 
form  2(2™  -*.  1). 

Similar  formube  may  aW  he  found  for  the  successive 
powers  of  the  cosines  of  any  simple  arc,,wbich  are  as  fol- 
lows: 

Cos  a  =  cos    a 

2  Cos'  a  =  cos  2a  +  1 

4  Cos"  o  =  cos  3a  -f.  3  cos  « 

8  <^'  a  =1  cos  4a  -t-  4  cos  2a  +  3 
leCos'as  cosSa  +  5  cos  3a  ■+  10  cos  a 
32Cos*o  =  cos  Aa  -»■  6  cos  4a  -•-  15  cos2a  -•-  10 
64  Co9^  a  =  COS  7a  -»-  7  cos  5a  +  21  cos  3a  •+■  35  cos  a. 
And  generally 

S—'  Co6»  a  =  co«  na  -(-  n  cos  <n  —  S)  fi  -i-  "  ■■"  ~—  coi 
(«  -  4)a  &c. 

Again,  the  sines ^nd  coeinet  of  themultiplearcs,may  be 
expressed  in  terms  of  the  lines  sod  cosines  of  the  infeijpr 
arcs,  as  below. 


"7?  + 


.!."(,)    - 


ryf^toK^a  -  r-). 


Sin  3a  7  2  c^s  a .  sin  a 
Sin  3a  =  2  cosa  .sin2a  —  sin  a 
Sin 4a  =:  2c(UJi.sin3a-aia2« 
Sin  5a  ^  2  cos  a.  sin  4a  —  sin  3a  &c 
Sin  na  =  2  cos  a .  sin  (n  —  1 )  o  --  jin  (j 

„„   „       _ Cos  a  S  cos    a 

ej^^a_r  -  cos  o;   covers  a  =  r  -  sins;  sHpvors     Cos2a  »  2  coso.  cos   o  -  1 
Ttr,"c,*^?k  "'■        r  i  .  '      Coa3a  =  2cosa.cos2a—  cosa 

Also,  for  the  sine  of  the  sum  and  difference  of  any  two     Cos  4a  =  2  cos  a .  cos  3a  -  cos  2a 

baye  the  fcllpwy^g  theorems  .  G«3flBs2co«o.co«4a-fo*8«Ac 

sin  a  .  (;qs  6  -*-  coaa.sin.A  Casao  isa  2cqb«.cm(»-.- l).fl -«o»0» -«) 


2)  a 


a  radius  1, 
1.  Sin  (a  M-  ft) 
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And  if  now,  in  order  ta  abbreviate,  we  mftke  eos  c  =  c,  and 
:  I,  and  observing  at  the  same  tine  that  c*  = 


1  —  I*,  we  derive 

Sin   a  =     « 

Sid  2a  b  2ct 

Sin3a  =  4c'j-*=-4»*  +  3« 

&ata=ic't—  4M=ae[—  8»*  +  4i) 

Sin5«=»10c*»-  12  c»»  -f  »  =  16*'  -! 


From  theorems  1,  9,  &c,  the  sines  of  a  great  variety 
of  onglei,  or  pumber  of  degrees,  may  be  computed.  Ejt. 
gr.  as  belotr. 


Siiiaa=iMe^ 


V^  f 


73 


1  .a. 3.4. 9 
Cos   a  ^    c 
Cos  «o  =  2e*   -     I 
Cos  So  =  If'   —    3e 
Cos"4a  =  8<^    -     8c"  +  I 
Cos5a=  ISc*-  20c»  -+■  Se 


CosM  =  2"c"-- 

,.»-4...-s.a-  ^  ^j._ 

1.3.9.1* 

Or  if,  iutead  of  the  above  snbetitotion,  we  make  2eo« 
«  =  ^  ^  -,  we  readily  deduce  the  followii^  elegant  for- 
nnla  for  the  counec  of  the  maltiple  area. 

2  Cos  ,    +  1 

3  Cos  2d  =  yt  -I-  ~ 
»C«3«=y'  +^ 
2Co.4«=y  +ij 
jCo»5as.y'    -h -^ 

2Co.«=y    +^. 

We  might  punuethia  subject  to  a  much  greater  length, 
but  the  above  are  the  principal  formulK  which  oc- 
cur in  the  doctrine  of  sines  &c.  We  shall  conclude  this 
article  with  the  following  formulae,  expressing  the 
log.  of  the  sine  of  an  arc,  the  ari:  in  terms  of  the  aine,  the 
■ine  in  term*  of  the  arc,  he  ;  where  it  is  to  be  observed, 
that  *  is  the  sine,  c  the  coeine,  a  the  arc,  andr  the  radius: 


Jrv's  +  ^»  =  r  . 

^■/ — ; — 

■{r*/a  +  •» 
ir^i^i  =  r 


1  -^-^ 


■  —  *•  , 

a. 31' 

a. a.* 

>^ 

..a. 4.*. 6. 7.*   "'" 

.=,.<■ 

I* 

"*"   a, a. 

f 
—•  * 

S^*"- 

U8..= 

log.. 

y        a*         .^          »■     t  V 

or  Log,* 

=  - 

t-C* 

4<'  + 

Jc«  +  ic"&c) 

or  Log.. 

=  - 

SK(>   ^■ 

*■*  + 

ft«  +  4t»  4c.) 

•hero. 

=  i^ 

-,  ruliua  1 

,  and  H 

=  ■*3429448  *C. 

1;  tbea 

■718381B2S  &c, 

the  number  whose  hyp.  log.  U 

SiD 

Co. 

as  e 

S^-l 

See  many  other  curious  expresuons  of  this  kind  in  Bou- 
gainrillfff  Calcul  Integral,  and  in  Bertrand's  nuulxiuitics. 
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W  iht  ToMm  ^  Stwi,  4-c. 

In  estimating  tbe  quantity  of  the  sines  ttt,  we  assume 
radius  for  unity;  and  then  compute  the  quantity  of  the 
sines,  tangents,  and  secants,  in  fractions  of  it.  From 
Ptolemy's  Almagest  we  learn,  that  the  ancients  divided 
the  radius  into  60  parts,  which  Ihey  c&llcd  degrees,  and 
thence  determined  the  chords  in  minutes,  acconds,  and 
thirds;  that  is,  in  sexagesimal  fractions  of  the  radius, 
which  they  tikewisc  used  in  the  resolution  of  triangles.  As 
to  the  sines,  tangents  and  secants,  tbey  are  modern  inveo- 
tioni:  the  sines  being  introduced  by  the  Moors  or  Sara- 
cens, and  the  tangent;  and  trcants  afterwards  by  tbe  Euro- 
peans.    See  Introd.  to  my  Logs.  pa.  I  to  19. 

Regiomontanus,  at  first,  with  the  ancients,  divided  tha 
radius  into  6o  d^rees;  and  determined  the  sines  of  the 
several  degrees  in  decimal  fractions  of  it.  But  he  after- 
wards found  it  w'luld  be  more  convenient  to  assume  1  for 
radius,  or  1  with  any  number  of  ciphers,  and  take  the 
sines  in  decimal  parts  of  ii ;  and  thus  he  introduced  the 
present  method  in  trigonometry.  In  this  way,  difierent 
authors  have  divided  the  radius  into  mgre  or  fewer  deci- 
mal  parts;  but  in  the  common  tables  uf  sines  and  langents, 
the  radius  is  conceived  to  be  divided  into  1 0000000  parts; 
by  which  all  the  aines  are  estimated. 

An  idea  of  some  of  the  modes  of  constructing  the  table* 
of  sines,  may  he  conceived  from  what  follows:  First,  by 
common  geometiy  the  sides  of  some  of  the  r^ular  poly- 
gons inscribed  in  the  circle  are  computed,  from  the  given 
radius,  which  will  be  the  chords  of  certain  portions  of 
the  circumference,  denoted  by  the  number  of  the  sides; 
via,  the  side  of  the  triangle  the  chord  of  the  3d  part,  or 
130  degrees;  the  side  of  tbe  pentagon  the  chord  of  the 
5th  part,  or  73  degrees ;  the  side  of  tbe  hexagon  the  chord 
of  the  6th  paf t,  or  6o  degrees ;  the  side  of  the  octagon  the 
chord  of  the  Sth  part,  or  45  degrees;  and  so  on.  By  thi* 
means  there  are  obtained  the  chords  of  several  of  such 
arc* ;  and  the  halves  of  these  chords  will  be  the  sines  of 
tbe  halves  of  the  same  arcs.  Then  the  theorem 
e  =y^(l— s*}  will  give  the  cosines  of  the  tame  half  arcs. 
Next,  by  bisecting  these  arcs  continually,  there  will  be 
found  the  rines  and  cosines  of  a  contiuued  series  as  br  Bi 
w«  pleata  by  these  two  theorems> 
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Sin  Ji»  =  ^/—-f ;  and  cos.  |<i  ^  y^ — 1, 


Then,  by  the/ormQli 

from  the  furegoing  m 

tines  of  variouiiaiher  arcs,  till  we 

arc  of  l',  or  l",  Sec,  whose  sine  an 

known.    Or,  r^her,  the  &ine  of  1 

more  eiLSily  found  from  the  scriea  *  =:«  — -Ja^ -t- ^j^a' 

&c,  because  the  arc  may  be  considered  as  equal  to  its 

sine  instuail  arcs;  wheuce  s  =  a  only  in  such  amali  arcs. 

But  the  length  of  the  arc  of  180°  or  10800'  is  known  to 

be  3-14159265  ic;  therefore,  by  proportion,  as  10800': 

l';:3'U15y263:O0OO2908882  =a  (he  arcor*  thesine 

of  l',  which  number  is  true  to  "the  Ittst  place  of  decimals. 

Then,    for    the  cosine   of  l',  it  is  c  =  ^(l  —  »»)  = 

0-9999999i77  the  cosina  of  tb< 


of  half  its  complement,  is  eqiud  to  the  tangent  of  the  sum 
of  that  arc  and  the  said  half  complement. 

By  the  Ist  and  2d  of  these  theorems,  the  tangents  are 

es  and  co^     '°  ^^  found  for  one  half  of  the  quadrant :  then  the  oihtr 

igth  at  the     ^^"^  °^  ^^^'^  "'"  be  found  by  one  single  addition,  or  aub- 

us  become     H»ction,  for  each,  by  the.3d  theorem. 
he  much         '^''  ''°"^>  ^'"^  secants  will  be  all  found  by  addition  or 

'  -I-  ^^a'  subtraction  only,  by  these  two  theorems:  1st.  Thesecaiit 
of  an  ate,  is  equal  to  the  sum  of  its  tangent  and  the  tun- 
gent  of  half  its  complement,  2nd.  The  secant  of  an  art, 
is  equal  to  the  difference  between  the  tangent  of  that  arc 
and  thatangent  of  the  arc  added  to  half  its  compliment. 

Sines,  ^c,  by  a  new  Divmon  of  the  Suadnml.  In  ihe 
Sd  Tol.  of  my  Tracts,  pa.  133,  &c,  is  described  a  new 
mode  of  dividing  the  quadrantal  arc,  for  which  to  con- 
struct new  tables  of  sines,  tangents,  and  secants,  which 


Hence  we  shall  readily  obtain  the  sines  and  cosines  of    would  be  very  useful,  and  is  different  from  all  otbet 


thods  of  dividing  it,  and  of  constructing  the  tables. 
this  method  the  arcs  of  the  quadrant  are  divided  into,  anU 
expressed  by  the  equal  parts  of  the  radius,  the  same  as  the 
sines  and  tangents  tfaemselves ;  being  divisions  in  the  com- 
mon decimal  scale  of  numt;ers.  In  this  project  1  have  made 
many  thousands. of  calculations  for  the  sines;  and  a  spe- 
nsertcd  in  llie  volume 


all  the  multiplcsof  l',ss'of2',  3'„4',  y,  &c,  by  the  appli- 
cation of  these  two  theorems, 

sin  (b  -*-  I)a  =  2  c  «  sin  na  —  sin  (n  —  I)a,' 
cost*  -f  l)<i  =  ac  X  cosiso  — co8(n  -  l)a; 

forsi»pposioga  =  thearcofl,  then  c  =  e-99999p9577,     j 

and  taking  n  successively  equal  to  1,  2,  3,  4,  ice.  the  theo-     cimen  of  thp  tables  may  be  s 
«m»  for  the  sines  and  cosines  give  severally  the  sinesand     above  mentioned. 

he  sines  thus :  The  French  have  also  roftde  and  printed  very  e.itensive 

tables  of  sines  &c,  on  a  plan  of  divisions  diSering  both 
from  the  old  sexagesimal  way,  and  from  mine,  above  men- 
tioned :  those  being  lo  decimal  divisions  of  arcs,  the  qua- 
drant being  divided  into  10000  equal  parts,  each  pan 
b«ing  nearly  equal  30"  in  the  sexagesimal  division. 
.Ardjieial  Sih  ES,  ate  the  logaiitbmic  sinei,  or  the  loga- 


cosioes  of  1',  if,  3',  4',  &c ; 

wn  l'  =  « =  •0009908882 

sin  3f  =ie  X  sin  1'  -  sin  0*  =  •000581776* 

sin  3*  =  2c  X  sin  2'  —  sin  I'  =  -000872664* 

.    sin  4'  =1  2c  X  sin  5"  -  sin  •/  =  -0011635526 

ain  5'  =  2c  «  sin  4'  —  sin  3'  =  -0014344406 

&c. 

And  the  cotioes  thus, 

cos  1'  =  c  -  -  -  .  -  .  =  -999999909 
cos  2*  =  S  c  K  cos  1'  —  coa  C  a  '9999998308 
ens'  3*  =  2  c  X  cos  ar  -  cot  1'  =  -9999996192 
cos  4'  =  2  c  X  cos  3'  -  cos  2'  =  •9999993231 
cos  5'  =  3  c  X   coo  4'  -  cos  3"  =r  -9999989423 


In  this  manner  then  all  the  sines  and  cosines  are  made, 
by  only  one  constant  multiplication  and  a  subtraction,  up 
to  30  degrees,  forming  thus  the  sines  of  the  first'  and  last 
30  d^rees  of  the  quadrant,  o^  from  0  to  30°  and  from  6o° 
to  90  ;  or,  which  will  be  much  the  same  thing,  the  sines 
only  may  be  thus  computed  all  the  way  yp  to  60°. 

Then  thesines  of  the  remaining  30°,  from,6o  to 90,  will     ^j^  umoea  ace 
be  found  by  one  addition  only  for  each  of  them,  by  means     See  those  articli 
of  this  theorem,  viz,  sin.  (60  -»-  a)  =:  sin.  (60  —  a)  ^  sin.  a; 
that  is,  to  the  sine  of  any  arc  below  00°,  add  the  sine  of 
its  defect  below  60,  and  the  sum  will  be  the  sine  of«nother 
arc  which  is  just  as  much  above  60. 

Thfc  sines  of  all-  arcs  being  thus  found,  they  give  also 
very  easily  the  versed  sines,  the  tatiRcnts,  and  the  secants. 
The  versed  sines  are  only  the  arithmetical  complements 
to  I,  that  is,  each  cosine  taken  from  the  radius  1. 

The  tangents  are  found  by  these  three  theorems: 

1.  As  cosine  to  sine,  so  is  radius  to  tangent 

2.  Radius  is  a  mean  proportional  between  the  tangent 
and  cotangenL 

3.  Half  the  difference  between  the  tangent  and  cotan- 
gent, is  equal  to  the  tangent  of  the  difference  between  the 
arc  and  its  complement.     Or,  the  sum  arising  from   the 


of  the  : 

ArUbmetic  Q^SlUBa.  .  See  chap,  iii,  p^  53,  vol.  3,  of  my 
Course  of  Mathematics  ;  also  the  forgoing  articl«  in  this 
dictionary. . 

Cunt  otFipirei^ the  %itii.t.  Seef  iguke  q/'(fcSm«j, 
tfc.  To  what  is  there  said  of  the  figure  of  the  sines,  may 
be  here  added  as  follows,  from  a  property  just  given  above, 
vi>,  if  c  denote  the  absciss  of  this  curve,  or  the  corre- 
sponding circular  arc,  and  y  its  ordinate,  or  the  sine  dt 
that  arc;  then  the  equation  of  the  curve  will  be  this, 


2-718281828  &c,  the  number  whose  hyp; 


where  A  : 
log.  is  1. 

Live  t^  SitTES,  is  a  line  on  the  sector,  or  Guntei's  scale, 
&c,  divided  according  to  the  sines,  or  expressing  the  sines. 


Sine  i^ Incidence,  or  qf  R^lectum,  or  c^R^mtum,  is 
used  for  the  sine  of  the  angh  of  incidence,  &c. 

SiNICAL  SwMJran/,  is  a  quadrant,  made  of  wood  or 
metal,  with  lines  drawn  from  each  side  intersecting  one 
another,  with  an  index,  divided  by  sines,  also  with  90 
degrees  on  the  limb,  and  tvo  sigbts  at  the  edge.  Its  use 
rs  to  tak«  the  altitude  of  the  sun.  Instead  of  the  sines,  it 
is  sometimes  divided  all  into  eqpal  parts;  and  then  it  is 
used  by  seamen  to  resolve,  by  inspection,  any  problem  of 
plane  sailing. 

SIPHON,  or  Syfhow,  in  Hydr^lics,  a  croqked  pipe 

or  lube  used  in  the  raising  of  fluids,  emptying  of  vessels, 

and  in  various  hydrostbtical  experiments.     It  is  otherwise 

called  a  crane.     Wol&us  describes  two  vessels  under  the 

ofSipboOs;  the  one  cylindrical  in  the  middle  and 


AA~.- 1  J — p"^-™-     ".,  LUC  ,u„,  atwiiig  irom   me     manie  of  SipboBs;  the  one  cylindrical  in  the  middle  and 

add  tmn  of  dogble  the  tangent  of  an  arc  with  the  tangent     conicri  at  the-  two  cKtremea  ;  the  other  globular  in  th« 
Vol.  II.  •  ■  3  F 
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middle,  with  two  narrow  tubwfitted  to  it'axia-wiee;  both  as  in  esliaustlog  water  from  a  valley  or  a  pit,  the  follow- 
Mrving  to  take  up  a  quantity  of  liquid,  and  to  retain  it  ing  method  is  then  recomtoendeit ;  Slop  the  oHUce  C-; 
when  op,  and,  by  means  of  an  opening  made  in  the  lop  at  b,  fill  the 

~       ■  e  most  umal  gyphon  is  that  which  is  here  ropr^.    tube  completely  with  water ;  then  stop  the  opeiii        *  - 


'ifh  a  plug,  end  opi-n  that  at   c;  upon  which  the  water 
will  presently  flow  out  there,  and  so  continue  till  tbat  at 


sented  ;  where  .tnc  is  any  crooked  tube, 

having  two  legs    of    unequal  lengths; 

but  such  however  that,  in  auy  position, 

the  perpendicular   altitude  no,    of  b 

above   a,   when   ab   is   611ed   with   any 

fluid,  the  weight  of  that  fluid  may  not 

be  more  than  about  1 51b.  upon  every 

square  inch  of  the  base,  or  equal  to  the 

pressure  of  the  atmosphere,  because  the 

pressure  of  the  atmosphere  will  raise  or  suspend  the  fluid 

so  high,  whfu  thetubf  is  exhausted  of  air.     This  height 

is  about  30  inches  when  the  fluid  is  quicksilver,  and  about  a  Is  exhausted.    Aud  this  method  of  conveying  water  over 

34  feet  when  it  is  vater ;  and  so  on  for  Other  fluids,  ac-  a  bill,  from  one  valley  to  another,  is  described  by  Hero, 

cording  to  the  rarity  of  tbem.  ihocbief  author  of  any  consequence  on  this  subject  among 

To  use  the  siphon,  in  drawing  off  any  fluid;  immerse  the  the  ancients.    But  in  this  experiment  it  must  be  noted,  that 

shorter    end    a    into  th'>  elTect  will  not  be  produced  when  the  hiU  at  a  is  more  ' 

the  fluid,    then  suck  than  33  or  34  fi-et  above  the  surface  of  the  water  at  a. 

or  draw  the  ait  out  '    In  an  experiment  of  thfs  kind,  it  is  even  said  that  the 

by  the  other  or  lower  water  in  the  tegs,  unless  it  be  purged  of  its  air,  will  not 

end  c,  and  the  fluid  rest  at  a  height  of  qaite  30  feet  above  the  water  in  the 

will  presently  follow,  vessels  ;  because  air  will  extricate  itself  out  of  the  water, 

and  run  out  by  the  and  getting  above  the  water  in  the  li-gs,  press  it  downward, 

siphon,  from  thevcssel  so  that  its  height  will   he  li^ss   to   balance  the  pressure  of 

at  A  to  the  vessel  at  c;  tba  atmosphere.     But  with  very  fint;,  or  capillary  tubes,    . 

till  such  time  as  the  the  experiment  will  succeed  to  a  height  somewhat  greater  j 

surface  of    the   fluid  because  the  attraction  of  the  matter  of  the  very  fine  tube 

sink    ns    tow    as  the  will  raise  the  fluid,  and  sgpport  it  at  some  certain  height, 

orifice  at  a,  when  the  independent  of  the  pre^ureof  the  atmosphere.    For  which 

decanting  will  cease,  reason  also  it  ia,  that  the  experi^uent  succeeds  for  small 

and  the  siphon  will  empty  itself  of  the  fluid,  the  whole  of  heights  in  the  exhausted  receiver;  as  has  been  tried  both 

that  which  is  in  it  running  out  at  c.     The  principle  upon  with  water  and  mercury,  by  Desaguliers  and  many  other 

which  the  siphon  acts,  is  this  :  when  the  tube  is  exhausted  philosophers.     Exper.  Philos.  vol.  1,  pa.  168. 
of  air,  the  pressure  of  the  atmospfaerc  upon  the  sbrface  of        The  flgtire  of  the  vessel  may  be  varied  at  pleasure,  pro- 

the  fluid  at  D,   forces  it  into  the  tube  by  the  orifice  at  a,  vjded  the  orifit^e  c  be  but  below  the  level  of  the  surface  of 

OS  in  the  barometer  tube,  and  down  lb«  teg  bc,  if  b  is  not  the  water  to  be  drawn  otf,  but  still  the  farther  it  is  below 

above  the  surface  at  d  more  than  34  feet  for  water,  or  30  it,  the  quicker  will  the  fluid  run  off.    And  if,  in  the  coarse 

inches  for  quicksilver,  &c.     Here,  if  the  externa)  leg  of  of  the  efflux,  the  orifice  a  be  drawn  out  of  the  fluid  ;  all 

the  siphon  terminate  at  e,  on  a  horizontal  level  with  the  the  liquor  in  the  siphon  will  issue  out  at  the  lower  oriflce 

immersed  end  at  a,  or  rather  on  a  level  with  the  water  at  c;  the  fluid  in  the  leg  BC  dragging,  as  it  were,  that  in  the 

D,  the  perpendicular  pressures  of  the  fluid  in  each  leg,  and  shorter  leg  ab  after  it. 

of  the  e.iternal  air,  against  each  orifice,  being  alike  in  both.  But  if  a  filled  siphon  he  so  disposed,  as  that  both  orifices, 
the  fluid  will  be  at  rent  in  the  siphon,  completely  filling  it,  a  and  c,  he  in  the  same  horizonlal  line;  the  fluid  will  re- 
but without  running  or  |)repon derating  either  way.  But  main  pendant  in  each  leg,  how  unequal  soever  the  lengtb 
if  the  external  end  he  the  lower,  terminating  at  c,  then  of  the  legs  mny  be.  So  that  fluids  in  siphons  seem,  as  it 
the  fluid  in  ihisend  being  the  heavier,  or  having  more  pres-  were,  to  form  one  continued  body;  the  heavier  part  de- 
sure,  will  preponderute  and  run  out  by  the  orifice  at  c ;  scending  like  a  chain,  and  drawing  the  lighter  after  it. 
this  would  leave  a  vacuum  at  b  but  for  the  continual  pres-  The  ffirlemberg  Siphon,  which  is  represented  in  the 
sure  of  the  atmosphere  at  d,  which  forces  the  fluid. up  by  annexed  figure,  is  a  tery  extraordinary  machine,  perfoim- 
A  to  B,  and  so  producing  a  continued  motion  of  it  througb 
the  tube,  and  a  discharge  or  stream  at  c. 

Instead  of  sucking  out  the  air  at  C,  another  method  it, 
first  to  £11  the  lube  completely  with  the  fluid,  in  an  in- 
verted poution  with  the  angle  b  downward  ;  and,  slopping 
the  two  orifices  with  the  fingtrs,  revert  the  tube  again, 
and  irameree  the  end  a  in  the  fluid;  then  take  off  tbe 
fingers,  and  inuocdiately  the  stream  commences  from  tbe 

Either  of  tbe  two  foregoing  methods  can  be  conveniently 

practised  when  tbe  siphon  is  small,  and  easily  managed  by  ing  several  things  which  the  (Common  siphon  will  not  reach, 

the  hand ;  as  in  decanting  off  liquors  I'rofn  casks.  Sec.   But  This  siphon  was  projected  by  Jordan  Pelleiier,  and  exe- 

when  tbe  liphon  b  very  large,  and  many  feet  in  height,  cuted  at  the  cxpenco  of  prince  Ftiederk:  Cbsrks,  admi- 
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nistrBlorofWirtemberg,  byhismKtbematicianShahBtkRrd,  Supmo  Rule,  a  natheroalJca]  instrumeiir  serving  to 

who  made  each  brancK  30  feet  long,  and  set  them  18  feet  '  perform  computations  in  gauging,  measuring,  &c,  without 

apart;  and  the  descriptiun  of  it  waspubllshed  by  Reiaeliua,  the  use  of  compasses;  merely  by  the  sliding  ofthejiaits 
the  duke's  physician.     This  gave  occasion  to  Papin  to  in-,    of  the  instrument  one  by  another,  the  lines  and  divisions 

vent  another;  which  performed  the  same  things,  and  is  de-  of  which  give  the  answer  or  amount  by  inspection.     '1  his 

scribed  in  the  Philos.  Trans,  vol.  14.     Reselius.  inunother  instrument  ii  variously  contrived  and  applied  by  dilTereiit 

paper  in  the  same  volume,  ingenuously  owns  that  this  is  authors,  particulxrly  Gunter,  Partridge,  Hunt,  Everard, 

the.same  with  the  Wirtemberg  siphon.  «nd  Coggeshall;  but  the  most  usual  and  useful  ones  arc 

'     Jn  this  engine,  though  the  legs,  be  an  the  same  level,  ihoseof  the  two  latter, 

yet  the  water  riaes  up  the  one,  and  descends  through  the  fiMrard'«  Sliding  RuleiB  chiefly  used  in  cask  gauging. 

other.    The  water  rises  even  through  the  aperture  if  the  It  is  commonly  made  of  box,  12  inches  long,  1  inch 

lesrleg  be  only  half  immerged  in  water.     The  siphon  has  broad,  and  ^  of  an  inch  thick.     It  consists  of  ihrec 

its  effect  after  coniinuing  dry  a  long  time.    Either  of  the  parts ;  viz,  the  stock  just  mentioned,  and  two  thin  slips, 

apertures  being  opened,  the  other  remaining  shut  for  a  of  the  same  length,  sliding  in  small  grooves  in  tuo  oppo- 

whole  day,  and  then  opened,  the  water  flows  out  as  usual,  site  sides  of  the  st'>ck :  consequently,  when  both  these 

■  Lastly,    the  water  rises  and    falls  indifferently  through  pieces  arc  drawn  out  to  their  full  extent,  the  inatruroentii 

either  leg.  3  feet  long. 

Musschenbroek,  in  accounting  for  the  operation  of  this  On  the  first  broad  face  of  the  instrument  are  fourloga- 

siphon,  observes  that  no  discharge  could  be  made  by  it,  if  rithmic  lines  of  numbers;    for  llic  properties  &c,   of 

the  water  applied  to  either  leg  did  not  cause  ihe  one  to  be  .which,  see  Gonter's  Line.     The  first,  marked  a,  consist- 

Mtorter,  and  the  other  longer  by  its  own  weight     Introd.  iiig  of  two  radii  numbered  1,  3,  3,  4,  5,.  6,  7,  8,  9,  I  ; 

ad  Phil.  Nat.  torn.  3,  pa.  853,  ed.  4to.  176'2.  and  then,  3,  3,  4,  5,  &c,  to  10.     On  this  line  are  four 

.   SIRIUS,  theDq^-fior;  a  very  bright  star  of  the  first  brass  centre-pins,  two  in  each  radius;  one  fn  each   of 

magnitude,  in  the  mouth  of  the  constellation  CtntiM  Major,  them  being  marked  hb,  for  mall-bushel,  is  sctat  SI50  42 

or  thb  Great  Dog.     This  is  the  brightest  of  all  the  stars  in  the  number  of  cubic  inches  in  a  malt-bushid  ;  the  other 

our  firmament,  and  therefore  probably,  says  Dr.  Maske-  two  are  marked  with  a,  for  ale-gallon,  at  383,  the  number 

lyne,  the  nearest  to  us  of  them  all,  in  a  paper  recommend-  of  cubic  inches  in  an  ale  gallon.     The  3d  and  3d  lines  of 

ing  the  discovery  of  its  parallax,  Pbilos,  Trans,  vol,  51,  numbers  are  on  the  sliding  pieces,  and  are  exactly  the 

pa- B89>     Some   however  suppose  Arcturus  t<f  be   the  same  wiih  the  first;  but  they  are  distinguished  by  the 

nearest.    The  Arabs  calllt  Aschen,  Elschecre,  Scera;  the  letter  a.     In  the  first  radius  is  a  dot,  marked  Si,  at  '707, 

Greeks,  Siriua;  and  the  Latins,  Ganicula,  or  Canis  can-  the  side  of  a  square  inscribed  in  a  circle  whose  diameter 

dens.     See  Cakicula.                                       '    '  is  1.     Another  dot,  marked  &.  stands  at  *S86,  the  sitk  of 

This  is  one  of  the  urliest  named  stars  in  the  heavens,  a  square  equal  to  the  area  of  the  same  circle.     A  third 

Hesiod  and  Horaermentiononly  fouror Gveconstellationi,  dot,  marked  w,  is  at  231,  the  cubic  inches,  in  a  win* 

or  Stan,  and  this  is  one  of  thi-m.     Sirius  and  Orion,  the  gallon.     And  a  fourth,  marked  c,  at  3'14,  the  circum« 

Hyadcs,  Pleiades,  and  Arcturus  are  almost  the  whole  of  ference  of  the  same  circle  whose  diameter  is  1.     The 

the  old  poetical  astryiomy.     The  three  last  the  Greeks  fourth   line  of  numbers,    marked  MD,    to  signify  malt- 

formed  of  their  ownobservaiion,  asappears  by  tbe  names;  depth,  is  a  broken  line  of  t\vo  radii,  numbered?,  10,  S, 

the  two  others  were  li^gyptian.     Sirius  was  so  called  from  8,  7,  6,  5,  4,  3,  3,  1,  9,  8.  7>  Itc  ;  the  number  1  facing 

the  Nile,  one  af  the  names  of  that  river  being  Siris;  and  set  directly  against  hb  on  the  first  radius, 

the  Egyptians,  seeing  that  river  b^in  to  swell  at  the  time  On  the  second   broad   face,   marked  cd,  are  several 

of  a  particular  rising  of  this  star,  paid  divine  honours  to  lines:  as  1st,  a  line  marked  d,  and  numbered  1,  3,  3,  &c, 

the  star,  and  called  it  by  a  name  derived  from  that  of  the  to   10.     On   this  line  are   four  centre    pins:    the  first, 

river,  expressing  the  star  of  the  Nile.  marked  wo,  for  wine-gauge,  is  at  17'1  J,  the  gauge-point 

SITUS,  in  Algebra  and  Geometry,  denotes  the  si tnation  for  wine  gallons,  ^ing  the  diameter  of  a  cylinder  whose 
of  lines,  surfaces,  &c.  Woltius  delivers  some  things  in  height  is  one  inch,  and  content  231  cubic  inches,  or  a 
geometry,  which  are  not  deduced  from  the  common  analy-  wine  gallon  :  the  second  centre-pin,  marked  ac,  for  ale- 
sis,  particularly  matters  depending  on  the  situs  of  lines  and  gauge,  is  at  18'95,  the  like  diameter  for  an  ale  gallon  : 
figures.  Leibnita  has  even  founded  a  particular  kind  of  the  3d,  marked  hs,  for  malt-square,  is  at  46-3,  the  square 
analysis  upon  it,  called  Calculus  Situs.  root  of  3150'43,  or  the  side  of  a  square  whose  content  is 

SKY,  the  blue  expanse  of  the  air  or  atmosphere.     The  equal  to  ihe  number  of  inches  in  a  solid  bushel :  and  the 

uure  colour  of  the  sky  is  attributed,  by  Newton,  to  va-  fourth,  marked  ua,  for  malt-round,  is  at  J3'33,  the  dia- 

pours  banning  to  condense,  having  attaineil  consistence  meter  of  a  cylinder,  or  bushel,  the  area  of  whose  base  is 

enough  toreflectthemostreflexiblerays,  via, theviojetones;  the  same  315043,  the  inches  in  a  bushel.     3dly,  Two 

but  notenough  to  reflect  any  of  the  less  reflexible  ones.  lines  of  numbers  on  the  sliding  piece,  on  the  other  side, 

Lahire  attributes  it  to  our  viewing  a  black  object,  via,  marked  c.     On  these  are  two  dots ;  the  one,  marked  t, 

the  dark  space  beyond  the  regions  of  the  atmosphere,  at  '0795,  the  area  of  a  circle  whose  circumference  is  I ; 

through  a  white  or  lucid  one,  via,  the  air  illuminated  by  and  the  other,  marked  d,  at  '785;  the  area  of  the  circle 

Ihe  sun;  a  mixture  of  black  and  wbite  always  appearing  whose  diameter  is  1.     3dly,  Two  lines  of  segments,  each 

bhie.     Bnt  this  hypothesis  is  not  originally  his  ;   being  as  numbered  1,  2,  3,  to  100;  the  first  for  finding  the  ullage 

old  as  Leonardo  da  Vinci.  of  a  cask,  taken  as  the  middle  frustum  of  a  spheroid,  lying 

SLIDING,  in  Mechanics,  is  when  the  same  point  of  a  with  its  axis  parallel  to  the  horiion  ;  and  the  other  for 

body,  moving  along  a  surface,  describes  a  line  on  that  finding  the  ullage  of  «  cask  standit^;. 

surface.     Such  is  the  motion  of  a  parallelopipedon  moved  -  Again,  on  one  of  the  narrow  sides,  noted  c,  are,  Ist,  & 

along  a  plane.— From  sliding  arises  friction.  line  of  inches,  numbered  I,  9,  3,  &C  to  13,  each  suIhIi- 
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vide^  into  10  equal  pam.  2dly,  A  line  by  vhich,  witb 
that  of  incbei,  i»  found  a  mean  diameter  fur  a  cask,  in  ttie 
figure  of  tbe  tniddlv  fruttum  of  a  spheroid :  it  is  marked 
Spheroid,  and  numbered  1,  2,  3,  &c  to  7-  3dly,  A  line 
for  findiog  the  mean  diameter  o^  a  caak,  in  the  form  of 
ibo  middle  frustum  of  a  parabolic  bpindle,  which  gau- 
gi-fs  call  the  second  variety  of  casks;  it  ia  therefore 
marked  Second  Variety,  ^ud  is  numbered  1,  2,  3,  &c> 
4thly,  A  lint;  by  which  is  found  tbe  mean  diameter  of  a 
cask  of  the  third  variity,  consisting  of  tbe  frustums  of 
two  parabolic  conoids,  abutting  on  a  cummon  bai«  ;  it  is 
therefore  marked  'rhird  Variety,  and  i^  numbered  I,  2, 
3,  &c. 

On  the  other  narrow  face,  marked  /,  ar?,  Isl,  a  line  of 
a  fool  divided  into  100  equal  parts,  marked  fm.  Sdly, 
A  line  of  inches,  like  that  before  mentioned,  marked  im. 
3dly,  A  line  for  finding  tbe  mean  dixmeter  of  tbe  fuurtii 
variety  of  casks,  which  is  formed  of  [he  friutums  of  two 
cones,  abutting  on  n  common  base.     It  is  numbered  1,  S, 

3,  &c  ;  and  murki'd  re,  for  frustum  of  a  cone. 

On  tbe  back  side  of  the  two  sliding  pieces  is  a.  line  of 
inches,  from  12  to  36,  fur  the  whole  extent  of  the  3  feet, 
when  tbe  pieces  are  put  endwise ;  and  againit  that,  the 
correspondent  gallom,  and  lOOth  parts,  that  any  aroall 
tub,  or  ihc  like  open  ve&>el,  will  contaiu  at  1  inch  deep. 
For  the  various  uses  of  thu  instrument,  see  the  authors 
mentioned  above,  and  inobt  other  writers  on  gauging. 

Coggeikall't  SliuiIig  Rule  is  chiefly  used  in  ineaiurii^ 
the  supcrficiesandsolidityof  timber,  masonry,  brickwork, 
&c.  This  consists  of  two  rulers,  each  a  foot  long,  which 
are  united  together  in  various  ways.  Sometimes  they  are 
m^e  to  slide  by  one  another,  like  gluaiers'  rules  :  some- 
times a  groove  is  made  in  the  side  of  a  common  two-foot 
joint  rule,  and  a  thin  sliding  piece  in  one  side^  and  Cogges- 
Jtall's  lines  added  on  that  side ;  thus  forming  the  common 
or  carpenter's  role:  and  soraetimcs  one  of  the  two  rulcw 
it  made  to  slide  in  a  groove  made  in  the  side  of  the  other. 

On  the  sliding  side  of  tbe  rule  are  four  lines  of  num- 
bers, three  of  which  are  double,  that  is,  ere  lines  to  two 
radii,  and  the  fourth  is  a  single  broken  line  of  numbers. 
I'be  first  three,  marked  a,  b,  c,  are  figured  1,  3,  3,  Sec  to 
S;  then  I,  2,  3,  &c  to  10  i  tbe  comtructinn  and  use  of 
them  being  tbe  same  as  those  on  Everard's  Sliding  rule. 
The  single  Hue,  called  the  giit  line,  and  marked  B,  whose 
radius  is  equal  to  the  two  radii  of  any  of  tbe  other  lini'S, 
is  broken  for  the  easier  measuiing  of  timber,  and  figured 

4,  5,  6,  7,  &,  di  10,  20,  30,  6(C.  From  4  to  5  it  is  di- 
vided into  10  pacts,  and  each  10th  subdivided  into  %  ;  and 
so  00  from  5  to  10,  Sec. 

On  the  back  side  of  the  rule  are,  1st,  a  line  of  inch 
measures,  frdm  I  to  12  ;  each  inch  being  divided  and  sul>- 
divided.  'idly,  A  line  of  foot  measure,  consis^ng  of  one 
loot  divided'into  100  equal  parts, and  figured  10,  'iO,  30, 
&c.  Tbe  backside  of  the  sliding  piece  is  divided  into 
inches,  halves.  Sec,  and  figured  from  12  to  24;  so  that 
when  tbe  slide  is  out,  there  may  be  a  measure  of  2  feet. 

In  the  carpenter's  rule,  the  inch  measure  ia  on  one  side, 
continued  all  the  way  from  I  to  24,  when  the  rule  is  un- 
folded, and  subdivided  into  8tbs  or  half-quarters :  on  this 
side  are  also  some  diagonal  sc&les  of  equal  parts.  And 
upon  the  edge,  the  whole  length  of  2  feet  is  divided  into 
200  equal  parts,  or  lOOths  of  a  foot. 

SLING,  a  string  instrument,  serving  for  the  casting  trf 
stones  &tc  with  the  greater  violence.  Pliny,  lib.  76,  cbap. 
'5,  atributes  tbe  iuveuicu  of  the  sling  to  the  Phixiuci<uis> 


but  Vegetiu«  ascribes  it  to  tbe  inhabitants  of  tbe  Balearic 
islands,  who  were  celebrated  in  antiqui^  for  the  dextrous 
management  of  it.  Florus  and  Sttmbo  say,  those  i>eople 
bore  three  kinds  of  slings ;  some  logner,  others  shorter, 
which  tbey  used  according  as  their  enemies  were  more  re- 
mote or  nearer  hand.  Diodorus  adds,  that  the  first  served 
them  for  a  headband,  the  id  U<t' a  girdle,  and  that  the 
third  they  constantly  carried  with  them,  in  the  hand.     But 


be  impossible  to  tell  who  were  tbe  firs 
of  the  sling,  as  the  instrument  is  90  simple,  and  has  been 
in  general  use  by  almost  all  nations:.  The  instrument  is 
much  spuken  of  in  tbe  wars  and  history  of  the  Israelites. 
David  was  so  expert  a  slinger,  thai  he  ventured  to  go  out, 
with  one  in  bis  hand,  agaiott  tbe  giant  and  cbampiuu  Go* 
lioh,  and  at  a  distance  struck  him  on  the  forehead  with 
the  stone.  And  there  were  a  number  of  left-banded  men 
of  one  of  the  tribes  of  Israel,  who,  it  is  said,  could  sling  a 
(tone  at  an  hair's  breadth.     Judges,  cb.  SO,  v.  l6. 

Tbe  motion  of  a  stone  discharged  from  a  sling  arisen 
from  its  centrifugal  force,  whcu  whirled  round  in  a  circle. 
The  velocity  with  which  it  is  discharged,  is  the  ,same  as 
that  which  it  had  in  the  circle,  beLog  much  greater  than 
what  can  be  given  to  it  by  the  hand  alone.  And.ihe  di- 
rection in  which  it  is  discharged,  is  that  of  the  tangent  to 
tbe  circle  at  the  point  of  discburge.  Whence  its  notioa 
and  effect  may  bo  computed  as  a  projectile. 

SLUICI^  a  Watergate,  a  floodgate,  a  vent  for  water. 

SLUSE,  or  &LVSIIIS  {.Rate  FrancU  IVaUer),  at  Vise,  a 
staall  town  tn  tlie  county  of  Liege,  where  he  enjoyed  ho- 
nours and  preferment.  He  became  abbg  of  Amas,  canuHr  . 
cuuniellor  and  chancellor  of  Liege,  and  made  bis  name 
famous  for  his  knowledge  in  tbeolc^,  physics,  and  mathe- 
matics. Tbe  Royal  Society  of  Loudon  elected  him  one 
of  their  members,  and  inserted  several  of  his  compositions 
ia  their  Transactions.  This  very  ingenious  and  learned 
man  died  at  Liege  in  1 6&S,  at  63  years  of  age. — Of  Slu- 
sius's  works  there  have  bceii  published,  soma  learned  let- 
ters, and  a  work  intitled,  Uesolabiuni  et  Probleniata  se- 
tida;  besides  the  foHowing  pieces  in  the  Pbilosc^hical 
Transactioiis,  via,  , 

1.  Short  and  Easy  Method  of  drawing  Tangents  t» 
all  Geometrical  Curves;  vol.  T,  pa.  5143. 

2.  Demonstration  of  the  same  ;  vol.  H,  pa.  6059. 

3.  Un  the  Optic  Angle  of  Alhueen ;  vol.  8,  pa.  6I39.  ' 
SMEATON  (Joi»n).  f.  v  b.  and  a  very  celebrated 

civil  t'ngincrr,  was  born  17^  at  Austhor|)e,  near  Leeds^ 
in  a  house  built  by  bis  grandfather,  wiiere  the  family  have 
resided  ever  since,  and  where  out  author  died  tbe  2Sth  of 
October,  1792,  ill  the  b"9th  year  of  liis  age. 

Mr.  Smeaton  seems  to  have  been  born  an  engineer, 
Tbe  originality  of  his  genius  aud  tbe  strength  of  his  under- 
standing appeared  at  a  very  early  age.  His  plaything 
were  not  those  of  children,  but  tbe  tools  men  work  with  ; 
and  he  had  al<ivays  more  amusement  in  observing  artificers 
work,  and  asking  tbem  questions,  than  in  any  thing  else. 
Thus  bad  Mr.  Smeaton,  by  the  stiength  of  his  geaius,  and 
indefatigable  industry,  acquired,  at  £8  years  of  age,  an 
extensive  set  of  tools,  apd  the  art  of  working  in  most  (rf 
tbe  mechanical  trades;  which  be  continued  to  work  with 
occasionally  to  the  end  of  his  life,  part  of  every  day  whca 
at  the  place  where  his  tools  were:  and  fi;w  men  could 
work  belter. 

Mr.Smeatoa's  father  was  an  attorney,  and  was  desirous 
of  bringing,  bis  son  up  to  the  same  profession.  He  waa 
theiefote  sent  ti^  to  LoiutoB  in  1?42»  where  foi  SBinB  tioM 
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he  atteoded  tht  coartfi  in  Wettmtneler  Hall.     Bat,  finding    was  hit  History  of  Edystc 
that  the  prolmion  of  iho  law  did  not  suit  the  bent  of  bu     many  of   his  reports    and 
genius,  tu  bit  usual  expretsion  wac,  h(!  wrote  a  strong  me- 
morial to  bis  fetheroa  the  subject,  whose  goad  sense  from 
that  RiunKnt  left  Mr.  Smeaton  to'  pursue  the  bent  of  his 
geniui  in  his  uwii  way. 

Mr.  Smeaton  after  this  coatinued  to  reside  in  London, 
and  about  the  yeu  1750  be  commenced  philusuphicBt 
instrument  muker,  which  he  conituucd  for  some  time, 
and  became  acquainted  with  most  of  ilie  itigeiiious  men 
of  that  time.  This  sanTe  year  he  made  his  first  communi- 
1  (o  ihe  Royal  Sotiely,  being  an  account  of  Di 


Ktiigbl's  improvements  of  the 


lighthouse.  Besides  which, 
iiemorials,    on    the  diflcrent 

irks  be  was  concerned  in,  were  occasionally  printed  in 
his  lifetime,  which  have  since  been  collected  and  printed, 
in  3  vols,  4to,  to  which  is  prefixed  a  ^jretly  full  account 
of  bis  life  and  labours.  He  had  also  inscrtid  in  (be  Phi- 
los.  Trail*,  a  considerable  number  of  valuable  papers, 
both  mechauicBl  and  aslriinomical,  in  most  wf  the  vo- 
lumes from  the  year  1750  to  1776. 

In  1771,  he  became,  jointly  with  his  friend  Mr. 
Holmes,  proprietor  of  the  wprki  for  supplying  Dt-ptfurd 
and  Greenwich  with   water;  which  by  their  united  en- 


nuinghii  very  useful  labours,  and  making  experiments,  he 
communicated  to  that  learned  body,  tbe  two  following 
years,  a  number  of  other  ingentons  improvements,  in  the 
sirts  ami  science*. 

In  1753  he  was  elected  a  member  of  the  Royal  So- 
ciety; and  in  1759  he  'was  honoured  with  their  gold  m^ 
dal,  for  his  paper  conceraing  the  natural  powers  of  water 
ind  to  turn  mills,  and  other  iBacfaines  depending 


.  compass.     Conti-     deavours  they  brougb 


be  of  general  use  to  those  they 
viem  made  for,  and  moderately  beneficial  to  them- 
selves. About  the  year  17S5,  Mr.  Smeaton's  hoaltb 
began  to  decline;  in  eonsrquencc.  n!  which  he  took  the 
resoiuiion  to  #void  any  new  undertakings  in  business  as- 
much  as  be  could,  that  he  might  thereby  also  have  ibe 
more  leisure  to  publish  some  account  of  hia  inventions- 
and  works.  Of  this  plan  however  he  got  no  more  exi- 
ted than' the  account  of  the  Edysione  lighthouse,  an'd 


a  circular  motion.     This  paper,  he  says,  was  the  result  some  preparations  for  his  intended  i 

«f  experiments  made  on  working  models  in  the  yeart  had  for  many  years  been  the  practice  nf  Mr.  Smeaton  to- 

ITS'i  and  1753,  but  not  communicated  to^  the  Society  spend  part  of  the  yefar  in  Lotidon,  and  the  remainder  in- 

till  l759r  having  in  the  interval   found  opportanities  of  tbe  country,  at  his  house  at  Austhorpe ;  on  one  of  these 

Butting  the  result  of  these  experiments  into  real  practice,  excursinns  in  the  country,  while  walking  in  bis  gnrdcr 


m  a  variety  of  cases,  and  fur  varinus  purpii 
assure  the  Suciety  he  had  found  them  to  answer. — 1d' 
1754  his  great  thirst  after  experimental  kniiwledge  led 
kia  to  undertake  a  voyage  to  Hnltand  and  the  Low 
Countries,  where  he  made  himself  acqutiinted  with  most 
of  the  curious  works  of  art,so  frequent  in  (hose  pit 


the  l6ih  of  September  1792,  he  was  struck  with  the 
palsy,  which  put  an  end  to  his  useful  life  tbe  SSth  of 
October  following,  to  the  great  regret  of  a  numerous  set 
of  fri<.'nds  and  acquaintances. 

In  his  person)   Mr-  Smeaton  was  of  a  middle  stature,. 
but  broad  and  strong  made,  and  possessed  of  an  excellent 


In  December  1755,  the  Edystone  lighthiiuse  was  burnt     constitution.     He  had  a  great  simplicity  and  platnne 
down,  and  tbe  proprietors,  being  desirous  of  Rebuilding     his  manners;  he  had  a  warmth  of  expression  that  might 


n  the  most  substantial  inonm-r,  inquired  of  the 
Macclesfield,  then  president  of  the  Royal  Society,  who 
he  thought  might  Tie  the  fittest  person  to  rebuild  it,  whcH 
he  immediately  recommended  our  author.  Mr.  Smealon 
accordingly  undertook  the  work,  which  he  completed 
with  stone  in  tbe  summer  of  1759.  Of  this  work  he 
gives  an  ample  deseripticm  in  a  folio  volume,  with  plates,. 
published  in  1791  ;  &  work  which  contains,  in  a  great 
measure,  the  history  of  four  years  of  his  life^  in  which 
the  originality  of  his  genius  is  fully  displayed,  as  well  as 
his  activity,  intlustry,  and  perseverance. 

In  1761  Mr.  S.  was  appointed  one  of  the  receivers  of 
the  forfeited  Derwenlwater.  estates,  wMch  were  applied 
to  the  benefit  of  Qrefeowich  Hospital  ;  which  office  he 
held  till  1777,  when  he  was  prevailed  on  to  resign  it,  in 
Eavour  of  Sir  John  Turner,  said  to'be  a  son  of  Earl  Sand- 
wich, who  was  then  governor  of  that  hospital,  and  first 
lord  c^  the  admiralty.  After  this,  Mr,  S.  going  into  full 
cmployn&ent  as  an  engineer,  it  would  be  endless 
tempt  to  particuiariae  all  the  great  works  he  so  ably  con- 
ducted ;  as  mills,  wheels,  engijics,  levels,  canals,  bridges, 
'harbours,  &c,  in  alt  of  which  he  was  equally  eminent 
Pajticularly,  be  saved  from  destruction  London  Bridge, 
after  tbe  opening  of  its  great  arch.  Indeed,  as  a  civiU 
engineer,  Mr.  S.  was  perh^a  ilnrivaHed,  certainly  not  ex- 
celled by  any  one. 

Astronomy  was  also,  for  aBiuaement,  a  favourite  pui^ 

t  of  Mr.  S.,  and  he  mada  ^several  curious  instruments 


appear,  lo  these  wbo  did  not  know  him  well,  to  border 
on  harshness;  but  such  as  were  mure  clo^ly  acquainted 
with  him,  knew  it  arose  from  the  intense  application  of 
hia  mind,  whiCh  was  always  in  the  pn'rsuit  of  luitb,  or 
engaged  in  the  investigation  of  difficult  subjects.  He 
would  sometimes  break  out  hastily,  when  any  thing  was- 
said  that  was  contrary  to  his  ideas  of  the  subject ;  and  he 
would  not  give  up  any  thing  he  argued  for,  lill  his  mind- 
was  conviiKed  by  sound  reasoning.  As  a  companion,  he 
was  always  entertaining  Hnd  instructive,  and  none  could' 
spend  therr  time  in  his  company  without  improvement. 

As  to  the  list  of  his  writings ;  besides  the  large  work 
above  mentioned,  being  the  History  of  Edystone  Light- 
house, and  numbers  of  reports  and  memorials,  whicb 
have  been  printed  in  3  vols.  4to,.as  before- mentioned,, 
unications  to  the  Royal  Society,  and  inserted  in. 


tbei 


drc  OS  follow 


1.  Account  of  Dr.  Knight's  Improvements  of  the  Ma- 
at-    riner's  Compass  ;  an.  17dO,pa.5l3. 

2.  Some  Improvements  in  the  Air-pump;  an.  17 JS. 

3.  An  Engine  for  raising  Water  by  Fire;  being  an  im- 
provement on  Savary's  construction,  to  render  it  capabk- 
of  working  itself;  an.  1752. 

4.  Description  of  a  new  Combination  of  Pulleys.  lb. 

5.  Experiments  on  a  machine  for  measuring  the  Way: 
of  a  Ship  at  Sea,     An.  175*. 

6.  Description  of  a  new  Pyrometer,    lb. 

7.  Effects  of  Lightning  on  the  Steeple  and  Church  o£ 


•f  this  kind  for  his  friends,  as  wtll  as  for  himself;  with     Lestwithial  in  Cornwall.    An.  1757. 

which,,  to  the  titDe  nf  his  death,  he  continued  to-  make         6.  Remarks  on  the  different  Temperature  of  the  Atr  ah 

Many  obMrvations,     The  chief  of  Mr.  S.'s  publi<ation>>     Edystone  Light-house,  and  at  Plymouth-  An.  17J8t. 


Digi;.zec  oy  ^ 
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9-  ExperinwDtal  inquiry  coDcerning  the  natural  powen 
of  Water  and  Wind  to  turn  mill*  and  pther  machines  de- 
pending on  a  circular  motion.     An.  1759. 

10.  On  the  Menstrual  Parallax  ariiing  from  the  mu- 
lua)  gravitaljon  of  the  earth  and  moon,  its  influence  on 
the  obiervalioa  of  ibe  sun  and  planets,  &c.  An.  1768. 

1 1.  Description  of  a  new  method  of  observing  the 
beavenly  bodies  out  of  the  meridian..  An.  1768. 

12.  Observations  on  a  Solar  Eclipse.  An.  1769- 

13.  Description  of  a  new  Hygrometer.  An.  1771. 

14.  An  ExperimcRtal  Examination  of  the  quantity  and 
proportion  of  Mechanical  Power,  necessary  to  be  em- 
ployed in  giving  different  degrees  of  velocity  to  heavy  bo- 
dies from  a  state  of  rest,  ■  An.  1776.  pa-  *50. 

In  two  of  those  articles,  viz,  the  experiments  of  1759 
and  of  1776,  it  may  be  remarked  that  Mr.  Smeaton  hal 
manifested  severalinconsisiencies  and  inac^curaciea,  appa- 
rently from  erroneous  notions  concerning  the  Newtonian 
doctrine  of  th^  force  of  bodies  in  motion.  Hence,  though 
the  experiments  are  good  in  ibemselves,  from  feasoaing 
wrongly  upon  them,  he  fHliaciously  infers  that  their  re- 
sults are  contrary  to  the  theory,  wbich,  rijjhtly  managed, 
they  tend  to  confirm.  He  does  not  properly  distinguish 
between  what  he  calls  Mechanical  Power,  and  the  New- 
tonian terra  Momentum,  or  quantity  of  motion.  These 
two  powers  are,  from  their  very  definitions,  as  well  a* 
from  their  nature,  of  jii'iffefeat  kinds.  The  one  Iwing 
measured  or  estiroatc/1  by  its  momentary  or  initantaneous 

•  action;  the  other  by  its  action  during  some  certain  time. 
The  one,  by  its  definition,  is  in  the  compound  ratio  of 
the  mass  of  a  body  and  its  velocity  ;  or  as  the  product  of 
the  body  and  its  velocity,  and  therefore  simply  as  the  ve> 
locity  in  a  given  body  :  whereas  the  other,  by  its  delini- 
tion,  is  estimated  by  the  mass  or  weight  compounded  with 
the  space  it  has  fallen,  or  described,  in  acquiring  its  ve- 
locity :  and  since,  as  is  well  known,  the  space  fallen  by  a 
body,  is  as  the  square  of  the  velocity  acquited;  it  follows* 
that  this  force  must  needs  be  as  the  square  of  the  velocity 
in  a  given  body.  The  Newtonian  momentum  or  force, 
there^re,  and  Mr.  Smpaton's  mechanical  force  or  power, 
are  two  things  that  are  quite  different  in  their  nature  or 
measure,  and  in  their  mode  of  action  ;  though  both  may 

.  produce  true  results  when  applied  to  their  propfer  objects. 
SMITH  (Robert)  d.  a.  and  f.  n.s.  It  seems  not  a 
little  remarkable  that  I  have  not  met  with  any  account  of 
the  life,  or  death,  or  works  of  Dr.  Smith,  a  man  who, 
from  bis  connections  and  situation  and  works,  has  so  well 
deserved  of  the  literary  world.  It  barely  appears,  that  he 
was  the  mBteruHl  cousin  of  the  celi-brated  Roger  Cotes, 
whom  he  succeeded,  in  tbe  year  I7l6,  as  Ptumian  pro- 
fesior  at  Cambridge;  that  he  became  master  of  Trinity 
College  there  ;  that  he  publiilied  some  of  the  works  of 
bis  cousin  Cotes;  as,  his  Hydrostatical  and  Pneumatical 
Lectures,  in  8vo,  1737 ;  also  a  collection  of  Mr.  Coles's 
■  pieces  from  tbe  Philosophical  Transactions,. and  elsewhere, 
and  his  Harmonia  Mensurarum,  vrilh  a  large  commentary, 
&c,inone-Tol.  410,  1722:  that  Dr,  Smith  published  also 
two  excellent  works  of  his  own,  viz,  his  complete  System 
of  Optics,  in'  2  vols.  4to,  i73S;  and  his  Harmonica,  or 
the  Philosophy  of  Musical  Sounds,  &c. 

SMOKF;,  or  Smotik,  a  humid  matter  exhaled  in  form 
of  vapuur  by  tbe  action  of  heat,  either  exte rual  or  inter- 
nal i  or  smoke  consists  of  palpable  particles,  elevated  by 
means  of  therarefying  heat,  or  by  the  force  of  the  ascend- 
ing carwtit  of  air,  from  certain  bodies  exposed  to  beat ; 
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which  particles  vary  mucb  in  their  propertiee,  according 
(o  tbe  substances  from  which  they  are  produced. 

Sir  Isaac  Newton  observes,  that  smoke  ascends  in  ths 
chimney  by  the  impulse  of  the  air  it  Boats  in :  for  that 
^r,  being  rarefied  by  the  heat  of  the  fire  underneath,  has 
its  specific  gravity  diminished  ;  and  thus,  being  disposed 
to  osceud  itself,  it  carries  up  the  smoke  along  with  it. 
The  tail  of  a  comet,  the  same  author  supposes,  ascends 
from  the  nucleus  after  the  same  manner.---Smuke  of  &t 
unctuous  woods,  as  fir,  beech,  &c,  makes  what  is  called 
lamp-black. 

I'hei-e  are  various  invention*  for  preventing  and  curing 
smokey  chimneys  :  as  the  aeolipiles  of  Vitruvius,  the  ven- 
tiducts of  Cardan,  the  windmills  of  Bernard,  the  capitals 
of  Serlio,  the  little  drums  of  Paduanus,  and  several  arti- 
fices of  De  Lorpic.  See  also  the  philosophical  works  of 
Dr.  Franklin.  Fans,  resembling  sugar  p>ns,  placed  ove« 
tbe  tops  of  chimneys,  are  useful  to  make  them  draw 
better;  aiwl  the  fire -grates  called  register-stoves,  are  al- 
ways a  sure  remedy. 

In  the  Philosophical  Transactions  is  the  description  of 
an  engine,  invented  by  M.  Dalesme,  which  consumes  the 
smoke  of  nil  kinds  of  wood  so  el^tually,  that  the  eye 
caunot  discover  it  in  tbe  room,  nor  the  nose  distinguish 
the  smelt  of  it,  though  tbe  fire  be  made  in  the  middle  of 
tbe  floor.  It  consists  of  several  iron  hoops,  4  or  5  inches 
in  diameter,  wbich  shut  into  one  another,  and  is  placed 
OD  a  trevet. 

The  late  invention  called  Argand's  lamp,  also  consumci 
th«  smoke,  and  gives  a  very  strong  light.  Its  principle 
is  a  thin  broad  cotton  wick,  rolled  into  the  form  of  a 
hollow  cylinder;  the  air  passes  up  tbe  hollow  of  it,  and 
the  smoke  is  almost  all  consumed. 

Smoke  Jack,  f%  a  jack  lor  turning  a  spit,  tnrned  by 
the  smoke  of  tbe  kitchen  fire,  by  means  of  thin  iron  saik 
set  obliquely  on  an  axis  in  the  nue  of  the  chimney.  See 
Jack. 

SNELL  (Rodolfh),  a  respectable  Dutch  philosopher, 
was  born  at  Oudcnwater  in  1546.  He  was  some  time 
professor  of  Hebrew  and  mathematics  at  Leyden,  where 
he  died  in  l6l3,  at  67  year's  of  age.  He  was  author  of 
several  works  on  geometry,  and  on  all  parts  of  the  philo- 
sophy ofliis  time. 

Sn  ell(Will£BKORd),  son  of  Rodolph  above  mention- 
ed, at)  excellent  mathematician,watbomat  Leyden  in  1591 1 
where  he  succeeded  his  father  in  the  mfclbematical  chair 
in  l€l3,  and  where  be  died  in  1S26,  at  only  35  years  of 
age.  Willebrord  Snell  was  author  of  several  ingenious 
works  and  discoveries.  Thus,  it  was  he  who  'first  disco- 
vered the  true  law  of  the  refraction  of  the  rays  of  light ;  a 
discovery  which  he  made  before  it  was  announced  by  Det- 
cartes,  as  Huygens  assures  us.  Though  tbe  vrork  which 
Snell  prepared  on  this  subject,  and  on  optics  in  general) 
was  never  published,  yet  the  discovery  was  very  wplt 
known  to  belong  to  him,  by  several  authors  about  bit 
time,  who  had  seen  Kin  his  manuscripts. — He  undertook 
also  to  measure  the  earth.  This  he  effected  by  measuring 
.  a  space  between  Alcmaer  and  Be^en -op-zoom,  tbe  dif- 
fereoce  of  latitude  betweeu  these  places  being  1°  ll'30". 
He  also  measured  another  distance  between  the  parallel! 
of  Alcmaer  and  Leyden:  end  from  the  mean  of  both  these 
measurements,  be  made  a  degree  to-  consist  of  55021 
French  loisei  or  fathoms.  These  measures  were  after- 
wards repeated  and  /corrected  by  Muscbenbroek,  who 
found  the  degree  tof»utain  57033  toises.— He  was  authoi 
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ftf  a  great  many  learned  mstbematical  norki,  the  prioci- 
pal  of  wbich  ore, 

1.  ApolIuDiua  Balaviu;  being  ihe  rvitoration  of  >onie 
>osl  pieces  of  ApoUoniiia,  eoncemtng  DcterminaK  Section, 
with  the  Section  of  a  Ratio  and  Space:  in  4(0,  I6O8, 
published  in  bis  17th  year. 

2.  A  carious  tract,  De  Re  Nummarii;  in  12mo,  i6l3. 
5.  EiBiosihenes  Uaiavus ;   in  4to,    l6l7>     Being  the     always  deprived  of  its  fixed  air;  and  tbose 

work  in  which  he  gives  an  account  of  his  operations  io     live  among  the  Alps,  and  aaeit  Ibribei: 
measuring  the  earth. 

4.  A  translation  out  of  the  Dutch  language,  into  Latin, 
of  Ludolph  van  Cotkn'a  book  De  Circulo  &  Adscriptis, 
&Qi  in  4to,  1619. 

5.  Cyclumetricus,  DeCirculi  Dimensione  &c ;  4to,lfi31. 
In  tWti  work,  the  author  gives  several  ingeiiious  approxi- 
mations to  the  measure  of  the  circle,  both  arithmetical 
and  geometrical. 

6.  Tiphis  Batavus;  being  a  treatise  on  Navigation  and 
Naval  Affairs  ;  in  410,  \6'a;  a  very  well-written  work. 

7-  A  pusthu'mous  ireaiise,  being  four  books  Doctriue 
Trianguloruni  Canonical;'  in  8vo,  l627'     In  which  are  _ 

contained  the  canon  of  secants ;  and  in  which  the  con-     persons,  supposed  to  be  e 


In  the  northern  countries,  the  gtoimd  43  covered  wHIt 

■now  for  several  months ;  which  proves  escedingly  favo' 

vourable  for  vegetation,  by  preserving  the  plants  from  those- 

intense  frosts  wbicb  are  common  ia  euch  countries,  and 

which  would  certainly  destroy  them.     Bartholin  ascribe* 

great  virtues  10  snuw-nater,  but  experience  does  hot  seem 

hi»  assertions.     Snow-water,  or  icc-watcp,  ia 

tions  who 

drink,  are 

iibject  to  affections  of  the  throat,  which  it  is  thought  are' 

occasioned  by  it. 

.  From  some  late  experiments  on-  the  quantity  of  tvatev 
yielded  by  snow,  it  appears  that  the  latter  gives  only  aboub 
une-tcnth  ofits  bulk  in  waiter. 

SOCIETY,  aa  assemblage  or  union  of  several  learned 
persons,  tor  their  mutual  as^tiiaiice,  improvement,  or  iD' 
formation,  and  fur  the  promotion  of  philosophical  or 
other  knowledge.  Thfre  are  various  philosophical'  so- 
cieties instituted  in  differeut  patts  of  tha  world.  Sefl 
Roy  A  I.  Socitly. 

Jtoj/al  Society  qf  Inland,  is  an  acadetny  or  body  of 
It  for  their  learning,  i 


I,  tangents,  and  secants,  with  the  dimen- 
sion or  calculation  of  triangles,  both  plane  and  spherical, 
ire  briefly  and  clearly  treated. 

8.  Hessian  and  Bohemian  Observations ;  with  his  own 
nptta. 

9.  Libra  Astronomies  &  PhilosophVca;  in  which  he 
undertakes  the  examination  of  the  principles  of  Galileo 
concerning  comets. 

10.  Concerning  the  Comet  which  appeared  in  16I8,  Sii. 
SNOW,  a  well  known  meteor,  formed  by  the  freezing 

of  the  vapoursin  theatmosphere.    It  differs  from  h^il  and 

'hoar-frost  in  being  as  it  were  chry stall! zed,  which  they  to  be  that  mentioned  under  the  title  of  the  Invisible, 
irre  noL  This  appears  on  examination  of  a  flake  of  snow  Philosophical  College,  by  Mr.  Boyle,  in  some  letters  writ- 
by  a  magnifying  glass ;  when  the  whole  of  it  appeara  to  ten  in  1Q4€  and  I&47.  About  the 'years  1648  and  1049, 
he  composed  of  line  shining  spicula  diverging  like  rays  ,the  company  which  formed  these  meetings,  begau  lo  tit 
from  a  centre.  As  the  flakes  descend  through  the  atmo-  divided,  some  of  the  gentlemen  removing  to  Oxford,  aa 
sphere,  they  are  continually  joined  by  more  of  these  ra-  Dr.  Wallis,  and  Dr.  Goddard,  where,  in  conjunction  with 
dialed  spicula,  and  tbgs  increase  in  bulk  like  the  drops  of  other  gentlemen,  they  held  .meetings  also,  and  brought  the 
r  hailstones;  'so  that  it  seems  ai  if  the  whole  body     study  of  natural  and  experimental  philosophy  intofasbioa 


tuted  bykingCbntles  the2d,  fur  promoting  natural  know- 
ledge. This  society  originated  from  an  assembly  of  in-- 
genious  men,  residing  in  London,  who,  being  inquisitive 
into  natural  kuowledge,  and  the  new  and  experimental 
philosophy,  agreed,  about  the  year  1645,  to  meet  weekly 
on  a  certain  day,  to  discourse  upon  such  subjects.  These 
meetings,  it  is  said,  were  suggested  by  Mr.  1'heodore  Haak» 
a  native  ol  the  Palatinate  in  Germany ;  and  they  were  held 
»omeiimes  at  Dr.  Goddard's  lodgings  in  Wood-street, 
sometimes  at  a  convenient  place  in  Chcapaid^,  and  some- 
times in  or  near  Gresham  College,     litis  assembly  si 


infinite  mais  of  icicles  irregularly  figured. 
The  lightness  of  snow,  though  it  is  firm  ice,  is  owing  to 
the  excess  of  its  surface,  in  comparison  to  the  matter 
contained  under  it ;  as  even  gold  itself  may  be  extended 
in  surface,  till  it  will  float  upon  the  least  breath  of  air. 

According  to  Beccaria,  clouds  of  snow  differ  in  nothing 
from  clouds  of  rain,  but  in  the  circumstance  of  cold  that 
freezes  them.  Both  the  regular  diifusionof  the  snow'and 
the  regularity  of  the  structure  of  its  parts,  show  that 
cloiids  of  snow  are  acted  nn  by  some  uniform  cause*  like 
electricity ;  and  he  endeavours  to  show  how  electricity  is 
capable  of  forming  these  figures.  He  we*  confirmed  in 
his  conjectures  by  observing,  that  his  apparatus  for  show- 


ing fii^t  in  Dr.  Petty's  kftlgings,  afterwards  at 
Dr.  Wilkins's  apartments  in  Wadham  College,  and,  on  hia 
removal,  in  the  lodgings  of  Mr.  Robert  Boyle ;  while  those 
gentlemen  who  remajsedin  London  continued  their  meet- 
ings as  before.  The  greater  part  of  the  Oxford  Society 
coming  to  London  about  the  year  lOSp,  they  met  once  or-- 
twice  a  week  in  term-time  at  Gresham  College,  till  they 
were  dispersed  by  the  public  distractions  of  that  year, 
the  place  where  they  met  being  made  a  quarter  for  sol- 
diers. On  the  restoration,  in  1S60,  their  meetings  were 
revived,  and  attended  by  many  gentlemen;  eminent  for 
their  character  and  learning. 

They    were    at    length   noticed    by   the   government, 


ing  the  electricity  of  the  atmosphere,  never  failed  to'be  and  probably  by  the  advice  of  Sir  Jonas  Moore,  the  king- 
electrified  by  snow  as  well  as  by  rain-  Professor  Win trop  granted  them  a  charter,  first  the  15th  of  July  1462,  then  a 
sometimes  found  his  apparatus  electrified  by  snow  when  more  ample  one  on  the  23d  of  April  lC63,  and  thirdly 
driven  about  by  the  wind,  though  it  had  not  been  ef-  the  8th  of  April  I669  ;  by  wbich  [hey  were  erected  itito  » 
fected  by  it  wheD  thesnow  itself  was  falling.  A^niore  corporation,  "  consisting  of  a  president,  council,  and  fet- 
intense  electricity,  according  to  Beccaiia,  unites  the  par-  lows,  for  promoting  natural  knowledge,"  and  endued  witb 
tides  of  hail  more  closely  than  the  more  moderate  elee-  '  various  privileges  and  authortiesr 

tricity  does  those  of  snow,  in  the  same  manner  as  we  see  Their  manner  of  electing  members  is  by  balloting;  andr 

that  the  drops  of  rain  which  bit  from  the  thunder- clouds,  two-thirds  of  the  members  present  are  necessary  to  carry 

are  lai^er  than  those  which  fall  fcom  others,  though  the  theelection  in  favourpf  thecandidate.     The  council  coa- 

ibtaar  descend,  througb  a  lew  s[i«ce.  listaof  31  luemben,  iocludiog  thepreudent,  vice-pictidanty 
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-.treanirer,  and  -two  lecretariei;  tea  of  vrboin  gn  ottt  an- 
nually, and  len  new  memben  are  elected  instead  of  them, 
all  choMn  on  St.  Andrew's  day.  They  had  formerly  also 
two  curators,  wtio«o  businejsjiw^s  topeTformexperimenu 
befure  tbe  lociety, 

Each  member;  at  his  admission,  subscribes  an  engage- 
ment, that  he  will  endeavonr  to  promote  tbe  good  of  tho 
society  ;  from  which  he  may  be  freed  al  any  time,  by  sig- 
nifying to  the  preiident  that  he  desires  to  withdraw. 

The  charges  are  five  guineas  paid  to  tbe  treasurer  at  ad- 
mission ;  and  one  shilling  per  week,  or  j2s.  p«r  year,  as 
long  as  the  person  cintinuet  a  member ;  or,  in  lieu  of  the 
annual  subscription,  a  composition  of  33  guineas  in  one 
payment 

The  ordinary  meetings  of  the  society,  are  once  a  week, 
from  Nuvcmber  till  the  end  of  Trinity  term  tbe  next  sum- 
mer. At  first,  the  rime  of  meeting  was  from  3  o'clock  till 
6  in  the  afternoon.  Afterwards,  it  was  from  S  till  7  in 
the  evening,  lo  allow  more  time  for  dinner,  which  con- 
tinued for  a  long  series  of  years,  til]  the  hour  of  meeting 
was  removed,  by  the  present  president,  lo  between  8  and 

9  at  night,  that  gentlemen  of  fashion,  as  was  alleged,  might 
have  tbe  opportunity  of  coming  to  attend  the  meetings 
after  dinner ;  which  has  not  been  found  to  amwcr  tke 
puq>ose ;  besides  that  many  members,  especially  aldcrly 
{■eitoM,  find  it  inconvenient  to  be  so  late  out  as  9  or  10 
o'clock  at  nigfit 

Tbeir  design  is  to  "  make  feilhfitl  records  of  all  the 
works  of  nature  or  art,  which  come  within  their  reach  ; 

10  that  the  present,  as  well  as  after  ages,  may  be  enabled 
(o  put  a  nark  on  errors  which  Iwve  been  strcngtfaerwd  by 
long  pretcripiton  ;  to  restore  truths  that  have  been  long' 
neglected  ;  to  push  those  already  known  to  mote  varioua 
«s^ ;  to  tnakb  the  way  more  passable  to  what  remains  uiw 
K waled,  &c." 

To  tbis  purpose  they  have  made  a  great  number  of  ex- 
periments and  observatioiu  on  most  of  tbe  works  of  na- 
tore;  as  eclipses,  comets,  planets,  meteors,  mines,  plants, 
earthquakes;  inundations,  springs,  damps,  fires,  tides,  cur- 
rent*, the  magnet,  &c  :  their  motto  being  NuUiui  in  Ver- 
ba. They  have  registered  c'xpcrimeiits,  histories,  rela- 
Ikins,  observations,  jicc,  and  reduced  them  into  one  com- 
mon stock.  They  have,  from  time  to  time,  published 
i6me  of  tbe  most  useful  of  these,  under  the  title  of  Philo- 
sophical Transactions,  &c,  usually  one  volume  each  year. 
Those  papers  that  are  not  printed,  arc  laid  up  in  their  re- 

They  have  a  good  library  of  books,  which  has  been 
formed,  and  continually  augmenting,  by  numerous  dona- 
tions..  They  had  alto  a  museum  of  curiosities  in  nature, 
kept  in  one  of  the  rooms  of  their  own  house  in  Crane  Court, 
Fleet-street,  where  they  held  their  meetings,  with  the  great- 
est reputation,  for  many  years,  keeping  registers  of  the 
weather,  and  making  other  experiments;  for  all  which 
purposes  those 'apartments  were  welt  adapted.  But,  dis- 
poning of. these  apartments,  in  order  to  remove  into  those 
allotted  them  in  Somerwt  Place,  where  having  neither 
room  nor  convenience  for  such  purposes,  the  museum  was 
ctbliged  to  be  disposal  of,  and  their  useful  mctearological 
Kfpitere  discontinued  for  many  years. 

Sir  Godfrey  Copley,  barf,  left  5  guineas  to  be  given  an- 
nually to  the  person  who  should  write  the  best  paper  in 
tbe  yew,  under  the  bead  of  experimenUlphilMopbj:  this' 
reward,  which  is  bow  changed  to  a-  gold  medal,  is  the 
liighM  honour  tbesocisty  can  b«stow ;  and  it  is  coofarrad 


on  St.  Andrew's  day :  but  the  communicatioiK  of  ]at« 
years  have  been  thought  of  so  little  importance,  that  the 
prixe  medal  remains  sometimes  for  years  undisposed  of. 

Indeed,  this  society  now  consists  of  a  great  proportion  of 
honorary  members,  who  do  not  usaaily  Communicate 
papers;  and  many  scientific  members  being' discouraged 
from  making  their  usual  communications,  by  what  is 
deemed  the  present  arbitrary  govcrntnont  of  the  society, 
the  annual  volumes  have  in  consequence  become  of  much 
less  importance,  both  in  respect  of  their  bulk  and  the  qua- 
lity M  tbeir  contents.  Tbe  numbarof  home  members  haa 
increased  to  about  GOO  ;  the  foreigb  members  are  about 
44  in  number. 

American  ^InUMoplti^al  SociETr,  was  establidied  at 
Philadelphia  in  ibeyear  17fi9ifor  promoting  useful  know- 
ledge, under  the  direction  of  a  patron,  a  president,  three 
rice-presidents,  a  treasurer,  four  secretaries,  ami  three  cu- 
rators. ,  Tbe  first  volume  of  their  Transactions  compre- 
hends a  period  of  two  years,  via,  from  Jan.  1,  1769,  to 
Jan.  1,  1771-  Tbeir  labours  seem  to  have  been  interrupted 
during  tbe  troubles  in  America,  which  commenced  soon 
after ;  but  since  their  termination,  other  voluines  ha*o 
been  published,  cofltaininganumberdt  very  ingenious  oad 
UBeful  memoirs. 

American  Academy  qf  ArU  and  Sciaica,  was  establiifaed 
by  a  law  of  the  CommonneHllb  of  Massachusetts  in  North 
America,  in  tbe  year  17S0. 

Bmon  Aea4/cwy  qf  ArU  and  Saenea.  This  is  a  society 
similar  to  the  former,  which  has  lately  been  esial^ished  at 
Boston  in  New  £ngland,  under  the  title  of  the  Acadcnj 
of  Arts  and  Sciences  &c. 

Berlin  Socibtt.  The  Society  of  Natural  Historiaus 
at  Berlin,  was  founded  by  Dr.  Martini.  There  is  also  k 
philosophical  society  in  the  same  place.  , 

Brvsuit  SociETT.  The  Imperial  and  Eoyal  Acadetnj 
of  Sciences  and  Belles  Lettres  of  Brussels  waa  founded  in 
1773'  Several  voluroes  of  their  Transactions  b*ve  sine* 
b^n  published. 

DttbliK  Society.  This  is  an  experimental  socie{y,,for 
prompting  natural  knowledge,  which  was  instituted  in 
1777:  the  members  meet  once  a  week,  and  distribute 
three  honarary  gold  medals  annually  for  the  most  appfove<l 
discovery,  invention,  or  essay,  on  any  mathematical  or 
philosophical  subject.  The  society  is  nnderthe  direction 
of  a  president,  two  vice-presidents,  and  a  secretary. 

Edinburgh  RaytU  or  PhiloK^AicaiSocTXTr,  succeeded 
the  Medical  Society,  and  was  formed  upon  th«  plan  t^  in^ 
eluding  all  the  difterent  branches  of  natural  knowledge 
and  ibe  antiquities  of  Scotland.  The  meeting^  of  this  so* 
ciely,  interrupted  in  1745,  were  revived  in  1752;  and  in 
1754  tbe  first  volume  of  their  collection  was  publisbed, 
under  the  title  of  Essays  or  Observations  Physical  and  Li- 
terary, which  has  b^n  succeeded  by  other  volumes.'  This 
society  has  been  lately  incorponte/t  by  royal  charter,  un- 
der the  name  of  the  Itoyal  Society  of  (Scotland,  instituted 
for  the  advancement  of  learning  and  useful  knowledge. 
The  members  are  divided  into  two  classes,  physical  and 
literary.;  and  those  who  are  tiear  enough  to  Edinbiirgk 
10  attend  the  meetings,  pay  a  guinea,  on  admission,  and 
tbe  same  4um  annually.  Tbe  first  mei-ting  waa  held  on 
the  first  Monday  of  August  1783;  when  there  were 
chosen,  a  president,  two  vicr-preaidents,  n  secretary,  tiva- 
surer,  and  a  council  of  12  persona.  Several  of  the  vo- 
lumes of  their  TransaetioDS  have  bean  publiahedj  which  are 
very  respectable  both  for  their  magnitude  and  conteoilK 
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Ir  JiVioiMX  there  hftTe  been  Kvetaliiwtitatiuiii  of  this  kind  try;  of  Idtonuichua,  husbandry';  and  of  ThvitduTus,  geo^ 

for  tbe  improvement  of  science,  besides  tliose  recounted-  ntetry. 

under  the  word  Academy :  Aa,  the  Royal  Academy  at  At  teogth  he  began  himself  to  teecb  ;  and  was  su  clo- 

Soissons,  founded  in  l674 ;  at  Villefrancbf,  Beaujolois,  quent,  that  he  could  lead  the  mind  to  approve  or  ilitap- 

in  l€7i;;  at  Nismes,  in   166S1  at  Angcra,  in  )6ft5;  the  prove  whatever  he  pleased  ;  liut  never  used  th'n  talent  lor 

JEloya)  Society  at  Montpelier,  in  I7l]€|  which  is  so  Jnti-  any  other  purpose  than  to  conduct  his  feliuw-citiEi.'ns  inio 

■nateJy  connected  with  tbe  Roytil  Academy  of  Sciences  of  the  path  uf  viitue.     Tlie  academy  of  tlie  Lycstum,  and  a 

Paris,  as  to  form  with  it,  in  some  respects,  one  body :  the  pleasant  meadow  without  tUc.  city  on  the  side  of  the  river 

literary  productions  of  this  socic'ty  are  published  in  the  llyssus,  uere  places  ivherc  he  chiefly  delivered  his  inatruc- 

loemoirs  of  [he  academy  :  the  Kuyul  Academy  of  Sciences  tions,  though  it  seems  he  was  never  otit  of  his  wny  in  ibut 

Slid  Bellts  Lettres  at  Lyom,  in  170O ;  at  Bourdeaiix,  in  respect,  as  he  made  use  of  nil  times  and  placis  for  that 

1703  i  at  Marseilles,  in  1726;  at  Rochelli',  in  17^4;  at  purpose. 

Oijon,  in  1740;  at  Pau  in  Bern,  in  17'2I  ;  at  Beziers,  in  He  is  represented  by  Xenophon  as  excellent  in  all  kinds 

1723;  at  Montauban,  in    1744;  at  Rouen,  in  174^;  at  of  learning,  and  pariicularly  instances  ariihmelic,  g<oiiii:- 

Amiens,  in  1750 ;  at  Toulouse,  in  1750;  at  Kesanjon,  in  try,  and  astrology  or  astronomy :   Plato  mentions  natural 

173%;  at  Metz,  in   1760;  at  Arras,  in    1773;   and  at  philosophy;  Idomeneus,    rhetoric;    Laertius,    medicine. 

Chalons  sur  Maine,  in  1775.     And  the  National  Institute,  Cicero  albrnts,  that  by  the  testimony  of  all  the  learned, 

established  at  Paris  in  1794.     For  other  instituiions  of  a  and  thejudgment  of  all  Greece,  he  was,  as  well  in  wisdom, 

aimiUrnaUjre,  and  their  litt;rary^roductians,  sec  the  nrti-  acutencss,  politeness,  and  bub tie ty,  as  in  eloquence,  va- 

cles  AcADutv,  Journal,  and  Tr  A  trsACTioNs.  i)cty,aitd  richDoss,  in  whatever  he  appliid  himself  to,  witb- 

ManchesltT  Literary  and  Phiioxpiical  Society,  is  of  out  exception,  the  prince  of  all. 

considerable  reputation,  and  has  been  lately  established  It  has  beenobscrved  bymany,  that  Socrates  Utile  afTecl- 

there,  under  the  direction  of  two  presidents,  four-vice-pre-  ed  travel;  bis  life  l>eing  wholly  spent  at  home,  excepting 

lidents,  and  two  secretaries.     The  number  of  members  is  when  he  went  out  upon  military  services.    In  [be  Pelopou- 

limited  to  50 ;  besides  these  there  are  several  honorary  nesiau  war  he  was  thrice  personally  engagpd ;  on  which 

membirs,  all  of  whoi»  are  elected  by  ballot;  and  the  occasiousit  issaidhe  outwent  all  thesoldiets  in  Ijardiness: 

officers  are  chosen  annually  in  April.     S^eral  valuable  and  if  atany  lime,  sailh  Aleibiades,  as  it  often  happens  in  - 

essays  have  been  already  read  at  the  meetings   of  this  so-  war,   the  pryvisiuns  failed,  there    were   none  who   could 

ciety.  bear  tbe  want  of  meat  and  drink  like  Socrates  :  }et,  un 

NeuKattk-t^oa-TyneLiliraryandPhHonphicatSociE-CY.  tbe  other  band,  in  times  of  feasting,  he  alone  seemed  to 

This  society  was  imtituied  the  7th  of  February  1793,  un-  enjoy  them  ;  and  though  of  himself  he  would  not  drink, 

der  the  direction  of  a  president,  four  vice-presidents,  two  yet  being  invited,  he  far  ouidrank  every  one,  though  ho 

secretaries,  a  treasurer,  which  together  with  four  of  the  was  never  seen  intoxicated. 

ordinary  members  form  a  committee,  all  annually  elected  .    To  this  great  philosopher  Greece  was  principally  in- 

at  a  general  meeting.     The  subjects  proposed  for  the  con-  debted  for  her  glory  and  Kplendor.     He  formed  [lie  roan- 

sidcration  and  improvement  of  this  society,  comprehend  ners  of  the  most  celebrated  persons  of  Greece,  as  AIci* 

the  mathematics,  natural  philosophy  and  history,  che-  biades,  Xenophon,  Plato,  &c.     But  his  great  services  and 

mistry,  polite  literature,  antiquity^  civil  history,  biogra-  the  excellent  qualities  of  bis  mind  could  nut  secure  him 

pby,  questions  of  geiteral  law  and  policy,  commerce,  and  from  envy,  persecution, and  calumny.     The  thirty  tyrants 

the  arts.     From  such  ample  scope  in  the  objects  of  the  forbad  bis  instructing  youth  ;  and  as  he  derided  tbe  plu- 

•ociety,  with  tbe  known  respectability,  zeal,  and  talents  rality  of  the  Pagan  deities,  he  was  accused  of  impiety, 

of  the  members,  the  greatest  improvements  and  discoveries  The  day  of  trial  being  come,  Socrates  made  his  own  do* 

may  be  expected  to  be  made  in  those  important  branches  fence,  without  prbouriog  an  advocate,  as  the  custom  was, 

«f  useful  knowledge.              ,  to  plead  for  him.     He  did  not  defend  himself  with  the  tone 

Several  other  similar. societies  have  been  since  instituted  and  language  of  a  suppliant  or  guilty  person,  but,  as  if  he 

atother  places,  were  master  of  the  judges  themselves,  with  freedom,  firm- 

SOCRATES,  the  chief  of  the  ancient  philosophers,  was  ness,  and  some  degree  of  contumacy.     Many  of  bis  friends 

born  at  Alopece,  a  small  village  of  Attica,  in  the  4th  year  also  spoke  in  his  behalf ;  and  lastly,  Plato  went  up  into 

of  the  77th  olympiad,  or  about  46?  years  before  Christ,  the  chair,  and  began  a  speech  in  these  words  :  "  Though 

Sophruniscus,  his  father,  being  a  statuary  or  carver  of  I,  Athenians,  am  the  youngest  of  those  that  come  up  into 

inures  in  stone,  our  author  followed  the  same  proression  this  place" — but  tbey  stopped  him,  crying  out,  "  of  thuse 

for  some  time,  for  a  subsistence.     But  being  naturally  that  go  down,"  which  be  was  thereupon  constrained  to  do; 

averse  to  this  employment,  he  only  followed  it  when  ne-  and  then  proceeding  to  vote,  they  condemned  Socrates  to 

cessiiy  compelled  him  ;  and  on  getting  a  little  before-hand,  death,  which  was  effected  by  means  of  poison,  when  he  was 

would  foi  a  while  lay  it  aside.     These  intermissions  of  bis  70  years  of  age.     Plato  gives  an  affeciing  account  of  his 

trade  were  bestowed  upon  philosophy,  to  whjch   be  was  imprisonment  and  death,  and  concludes,  "  This  was  the 

naturally  addicted  ;  and  this  being  observed  by  Crito,  a  end  of  the  best,  the  wisest,  and'the  jusiest  of  men."     And 

rich  philosopher  of  Athens,  Socrates  was  at  length  taken  that  account  of  it  by  Plato,  Tully  professes,  he  could  ue- 

fi'om  his  shop,  e;id  put  into  a  condition  of  philosophising  ver  read  without  tears. 

at  his  ease  and  leisure.  As  to  tbe  person  of  Socrates,  he  is  represented  as  very 

He  had  various  instructors  in  the  sciences,  as  Anaxago-  homely;  he  was  bald,  had  a  dark  complexion,  a  flat  nose, 

tas,  Archylaus,  Damon,  Prodicus,  to  whom  may  be  added  eyes  sticking  out,  and  a  severe  downcast  look.  "  Bui  the 

the  iwo  learned  women  Diotyma  and  Aspasia,  of  the  last  defects  of  his  person  were  amply  compensated  by  the  vir- 

uf  whom  be  learned ihetoiict  of  Euenut  he  learned  poe-  tuesaadaccomplishiaentsof  his  mind.     Socrates  was  m- 
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•drnd-B  una  of  all  virtues;  andtorenmAably  frngd/tbn  nally,  that  €od,  thovgh  invimUe'bimirif,<>toiitewMt]I, 

bow  little  90«ver  he  had,  it  was  always  enough.    When  heanati,  ii'CMry  wh«M,  and  urdereflll. 
lie  WM  amidit  a  grun  variety  of  rich  and  expenaive  ob-        As  to  the  aiher  gresi  obj^^ct  of  metapbyiical  'research^ 

jtcts,  he  would  often  wy  lo  hmnelf,  "  'How  many  things  thc'toul,  Soemiea  tnugfat,  that  it  i«  pre-«:(isient  to  tha 

>re  there  which  1  doTiot  want  !*'  body,  endued  with  the  bnowledgeUf  eternal  ideas,  which 

Socrates  bad  two  wrvet,  one  of  wbirb  was  llie  noted  in  its  union  to  the  b&dy  ti  luMtb,  as  -stupefied,   until 

Xantippei  whom  AutuB<}et)ius  describes  aa an  accunod  awakenvd  by  ditcourH  from  sensible  objects;  on  which 

fraward  woiiran,  always  Chiding  and  scoldii^,  by  day  and  account,  all  it»  laemitig  is  only  Te[niniscent.'e,  a  Tecovery 

by  night,  and  whora  it  wati  aaid  be  made  choice  of  aa  a  of  it«  first  knowledge.     That  the  l>udy,beH)g  compoutid- 

trial  and  exercise  of  bis  temper.     Severul  instances  a.Te  ed,  is  diunWed  by  death  ;  but'thiit  thesoul,  beingsjmple, 

recorded  of  her  impatience  and  his  forbearance.     One  paiieth  into  another  life,  incapable  of  corruption.     ThM 

day,  before  some  of  bin  friends,  she  fell  into  the  usual  ex-  the  souls  of  men  are  divine.     That  the  souls  of  the  geoA 

travagances  of  her  patiion  ;  when  he,  without  amwering  after  death  are  in  a  happy  Male,  united  lo  God  in  a  blessed 

a  word,  went  abroad  with  them  :  but  on  bis  going  out  of  inaccessiHe  place ;  tbatthe  bad  in  ca*«eiiient  places  atf- 

the  door,  she  ran  up  into  ihe  chamber,  and  threw  down  fer  condign  punishment. 

water  upon  his  head  ;  upon  which,  turning  to  bis  friends.        All  the  Grecian  sectsof  philosophers  i«fer  their  or^n 

"  Did  not  1  tell  you  (siiy«  be),  [hut  after  so  much  thunder  to  the  discipline  of  Socrates ;  panicnlarly  the  Platonicsr 

mc  should  have  rein  i"  Another  lime  she  pulled  bis  cloak  Peripatetics,  Academics,  Cyrenaics,  Stoics,  &c. 
from  his  shoulders  in  the  open  forum ;  and  some  of  his        SOLAR,  something  relating  to  the  sub.     Thus,  we  saj^ 

friends  adrising  him  to  beat  her,  "  Yea  (says  be),  that  solar  fire  in  contmdislrnclion  to  culinary  £re, 
ivhile  we  two  fight,  you  may  all  stand  by,  and  cry.  Well         Solar  Gnl  M<mth.     8ee  Momtu. 
.done,  Socrates ;  to  him,  Xantippe."  Solar  Qicfe.     SceCYCLE. 

They  who  affirm  that  Socrates  wrote  nothing,  mean         Solar  Comet.    See  Discus, 
cnly  in  respect  to  bis  philosophy ;  for  it  is  attested  and  al-         Sola  r  Eelipte,  is  a  privation  of  the  light  of  the  ann,  by 

lowed,  that  be  assisted  Euripides  in  composiug  tragedies,  the  interposition  of  the  epake  body  of  the  moon.     S«« 

and  wat  the  author  of  some  pieces  of  poetry.     Dialogues  Eclipse. 

also  and  epistles  arc  ascribed  to  him  :  but  hitf  pbilosophi-        Solar  Mdtui,  Ruing,  ^mtt.     See  the  substantives, 
cal  disputHcions  were  committed  to  writing-only  by  his         Solar  %m«m,  theorder  and  dispoiilionof  tbese*et«l 

scholars:  and  ihatcfaiefty  by  Plato  and  Xcnophnn.    The  heavenly  bodies,  which  revolve  roand  the  tun  as  tbe  centre 

latter  set  the  example  to  the  rest  in  doing  it  first,  and  also  of  their  motion;  viz,  the  planets,  prinuuy  and  secondary, 

with  the  greatest  punctuality  ;  as  Plato  did  it  with  the  and  the  cornels.     See  Ststem. 
Bost  liberty,  intermixing  so  much  of  his  own,  that  it  is         Solar  Year,     See  Year. 

hardly  possible  to  know  what  part  belongs  to  eacb.  SOLID,  in  Pfaysics.a  body  whosemiauteparts  arecon- 
Hence  Socrates,  hearing  him  recite  his  Lysis,  cried  out,  nected  together,  so  as  not  tu  give  way,  or  slip  from  each 
**  How  Tnany  things  doth  this  young  man  feign  of  me  T  other,  on  the  smallest  impression.  The  word  is  used  » 
Accordingly,  the  greatest  part  of  his  philosophy  is  to  be  this  senie,  in  contradistinction  lo  fluid, 
found  in  the  writings  of  Plato.  To  Socrates  is  ascribed  Solid,  in  Grometry,  is  a  magnitude  extendetl  in  erory 
the  first  introduction  of  moral  philosophy,  Man  having  possible  direction.  Though  it  is  cummonly  said  to  bee»■ 
«  twofold  relationlo  tbingsdiTineandhunMn,hisdoctrines  dued  with  three  dimeniiions  only,  length,  breadth,  uid 
were  with  regard  to  tbe  former  metapbyaical,  to  the  latter  depth  or  thickness.  Hence,  as  all  bodies  have  these  ihrea 
moral.  His  metaphysical  opinions  were  chiefly,  that,  dimensions,  and  nothing  but  bodies,  solid  and  body  art 
There  are  three  principles  of  all  things,  Go^,  matter,  and  often  used  indiscriminately.  Tbe  extremes  af  solids  arc 
idea.  God  is  the  universal  intellect;  matter  the  subject  snrfaees.  That  is,  solids  arc  terrainated  cither  by  one 
of  generation  and  corruption  ;  idea,  an  incorpureal  sub^  surface,  as  a  globe,  or  by  several,  either  plane  or  carved, 
ttance,  the  intellect  of  God;  God  the  intellect  of  the  And  fromtbecirciimstancesof  tfaeseTKUidsftTediotinguisb- 
world.     God  is  one,  perfect  in  himself,  giving  the  betiig  ed  into  regular  or  irregular. 

and  well-being  of  every  creature. — That  God,  not  chanci-,  ft^aior  Solibs,  are  those  that  are  terminated  by  re- 
Kiade  the  world  and  all  creatures,  is  demomtrable  from  gular  and  equal  planes.  These  are  the  leitaedron,  he*-  ■ 
Ihe  reasonable  disposition  of  tbeir  parts,  as  well  for  use  a»  aedron,  or  cube,  octaedron,  dodecaedron,  and  icosaedron; 
defence;  from  tbeir  care  t,o  preserve  themselves,  and  con-  nor  can  there  possibly  be  more  than  these  fiiw  regular  so- 
linue  their  species. — That  he  particularly  regards  man  in  lids  or  bodies,  unless  perhaps  the  sphere  or  globe  be  con- 
bis  btidy,  appears  from  his  noble  Dprii(ht  Sonv,  and  from  sideird  as  one  of  an  infinitennmbcr  of  sides.  See  these 
ihe  gift  of  speech;  in  his  soul,  from  the  excellency  of  it  articles' severally,  also  the  article  Reguiar  Body. 
above  others. — That  God  lakes  care  of  all  creatures,is  de-  Irregvlar  Solids,  are  all  sucb  *b  do  not  come  iKid«r 
monstrable  from  the  benefit  he  gives  them  of  light,  water,  the  definition  of  regular  ones :  such  as  cylinder,  coDe, 
6tv,  and  fruits  of  the  earth  in  due  season.  That  he  faa^  prism,  pyramid,  Sec.  Similar  solids  are  tn  one  anotherin 
a  particular  regard  of  man;  from  tbe  destination  of  all  the  triplicate  ratio  of  their  like  sides,  or  as  tbe  cubes  of 
plants  and  creatures  for  his  service  ;  from  their  sabjectiun  the  same.  And  all  sorts  of  prisms,  as  also  pyramids,  are 
lo  man,  though  they  may  exceed  him  ever  so  much  in  to  one  anolberrn  the- coinpoand  ntie  of  titeir  bases  and 
strength  ;  from  the  variety  of  man's  sense,  accommodate  altitudes. 

to  tbe  variety  of  objects,  for  necessity,  nse,  and  pleaaun; ;         Solid  jingftr  K  that  ibrmed  fay  three  or  mere  ^lane 

fromreason,  by  wbich-hediscoareeth  through  reminiscence  angles  meeting  in  a  point;  like  an  angle  of  a  die,  or  tfae 

from  sensible  objects  ;  from  speech,  by  wfairti  be  comma-  point  of  a  diamond  well  cut.     The  sum  of  all  the  plane 

nicalu  all  ie  know*,  g^ie*  laws,  and  gorcnt  Males.    Fi-  angles  foimii^  •  solid  an^,  b  aiwtya  lesa  dtau  36(^'» . 
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otli«wUe  tAey  maid  coiutiluts  tha  ^bM  «f  t  circle,  and 
not  a  wlid.  See  a  ditquialtion  on  the  nftture  aod  mea- 
4iire  of  iolid  aoglet  in  my  Courae  of  Matbematic*,  vol.  $, 

./Umo^yktre  of  Solids.     SeeAYU  osPtiXHE. 

Solid  Battioa.    See  Bastioh. 

Cubaiure  qf  Solids.     Se«  Cubatitsk  and  Solisitt. 

MafuitretfaSfiLtB,     See  MEAauitx. 

Solid  Kw^    Sec  Foot. 

Solid  Kwtbers,  aie  thoM  which  arise  froni  the  muUi- 
plicalion  of  a  pltue  nunbcr,  by  any  othei  number  what- 
ever. Thus,  18  iiaiolid  niunber,  pfoduced  from  th« 
lilaiie  Duaiber  6  and  3,  or  fr9ni  9  and  8. 

Solid  P^ocv.     Se«  Locyu. 

Soi.ii>  JVoUon,  is  oim  which  cannot  be  constiucted 
g^oraetrically ;  but  by  the  intenection  of  a  circle  and  a 
conic  lectioQ,  or  bj  the  intenectioD  of  Iwo  conic  kc- 
tiona.  Thus,  to  deacribe  an  isosceles  triangle  od  a  given 
base,  to  that  either  angle  at  the  base  ihall  be  triple  of  that 
at  the  Tertexi  i»  a  mIuI  problem,  resolved  by  the  intersec- 
tion of  a  pani>oia  and  circle,  and  it  setvea  to  inscribe  a 
regular  b«p|agoD  in  a  given  circle^ 

In  Uke  Kiaoner,  to  describe  as  iso«celee  Irianale  haviog 
its  aagleji  at  ibe  base  each  rqwat  to  4  ixmn  (bat  at  the 
vertex*  is  a  solid  problem,  effected  by  the  intersection -of 
an  hyperbola  and  a  parabola,  and  serves  to  inscribe  a  re- 
gaimi  nuMtgoa  in  a  given  circle^  And  such  u  problem  as 
this  kas  Vour  sotations,  and  no  more ;  because  two  conic 
sectioM  can  intersect  in  4  points  only.— Kaw  all  suck 
problems  are  constracted,  it  shown  by  Dr-  Hallcy,  in  the 
Philo).  Trans.,  num.  18S. 

Solid  t^L^au  JUtutMce.    See  Resistan'ce. 

Ai^iicBiq^ Solids.    See  Aunif,  and  ScrPBKriciBS. 

Solid  7%eoiviii.     See  Tueokbh. 

SOLIDITY,  in  Pfaysics,  a  property  of  matter  or  body, 
by  which  it  excludes  every  other  body  from  that  place 
which  is  poiMwed  by  itself.  Solidity  in  this  sense  u  a 
property  cororaon  to  all  bodiest  whether  solid  or  fluid. 
It  is  usually  called  impenetrability ;  but  solidity  e.-cpresees 
it  better,  as  carrying  with  it  somewhat  more  uf  positive 
tkan  the  olhfr,  which  it  a  n^aiive  idea. 

The  idea  uf  solidity,  Mr.  Locke  obtetves,  arises  from 
the  resistance  we  findtwie  body  maJces  to  the  entrance  of 
another  into  its  own  place.  Solidity,  he  adds,  seems  tho 
most  extensive  property  of  body,  as  being  that  by  which 
we  conceive  it  to  fill  space  ;  it  is  distinguish^  from  mere 
space,  by  this  latter  not  being  capable  of  resistance  or 
notion,— It  is  distinguished  from  hardneu,  which  is  only 
a  firm  cohesion  of  the  solid  pub. 

The  difficulty  of  changing  smiation  givea  no  more  soli- 
dly to  the  hardest  body  than  to  the  softnt ;  uor  is  the 
hardest  diamond  properly  a  jot  more  solid  than  water. 
By  this  w«  distinguish  the  idea  of  the  exteait<H)  of  body, 
from  that  of  the  extenaion  of  space  :  that  of  body  ii  the 
continuity  or  cohesion  of  loKd,  separable,  moveable 
parts;  that  of  space  the  continuity  of  unsolid,  inseparable,, 
immoveable  parts.      , 

T^e  Cartcsiaiu  however  wilt,  by  aU  meana,  deduce  so- 
lidity, or,  as  they  call  it,  impenetrability,  from  the  nature 
of  extension  ;  they  coiitend,  that  the  idea  of  the  former 
is  contained  in  that  of  the  latter;  and  hence  they  arguo 
against  a  vacuum.  Thus,  say  they,  oik  cubic  foot  of 
extension  cannot  be  added  to  another  without  having  two 
cubic  feet  of  extensitm ;  for  each  ha*  in  itself  all  that  is 
rctfuired  to  constifute  that  magnitude.  And  hence  they 
mixjude,  that  every  part  of  space  u  solid,  or  iDpeiwti»- 


ble,  ai  (ri*  in  own.  natuTe  it  estdudesaQ  oAer.  But  tha 
conclusion  is  false,  and'ttw  iaslance  they  give  follows  fron 
this,  that  the  parts  o£  B[»ce  are  immoveable,  not  fron 
their  being  impenetcahLa  or  solid.    See  Mattek. 

SoLiDiTV  is  also  used  for  haedneaa,  pr  firmnees;  a* 
opposed  to  fluidity;  viz,  when  body  is  considered  eithW 
as  fluid  or  solid,  or  hard  or  Am. 

Solidity,  in  Geometry,  denotes  tbequantity  of  space 
contained  in  a  solid  body,  or  occupied  by  it ;  called  also 
the  solid  content,  or  the  cuUeal  content;  for  all  solids 
are  meastired  by  cubea,  whose  sides  an  inches,  feet,  or 
yards,  &c;  and  hence  the  solidity  of  a  body  is  said  to  be 
so  many  cubic  inches,  feet,  yards,  &c,  as  wilt  fill  its  c»> 
pacity  orspacei-or  another  of  an  equal  magnitude. 

The  solidity  of  a  cube,  parallelopipedun,  cylittder,  or 
any  other  prismatic  body,  i.  e.  one  whose  parallel  sections 
arc  all  equal  and  similar  throughout,  is  found  by  multi- 
plying the  base  by  the  height  or  perpendicular  altitude. 
And  of  any  coue  or  ^her  pyramid,  the  solidity  is  equal 
to  one'third  part  of  the  same  priam,  because' any  pyramid 
is  equal  to  the  3d  part  of  its  circumscribing  prism.  Also, 
because  a  sphere  or  globe  may  be  considered  as  made  up 
of  an  ia&aile  number  of  pyramids,  whose  bases  form  tha 
surhce  of  the  globci  and  their  vertices  all  meet  in  the 
centre,  or  havii^  their  comnoft  altitude  equal  to  the  ra- 
dius of  the  globe;  therefor*  the  solid  content  of  it  is 
equal  to  ona-tliird  pan  of  the  product  of  its  ratUm  and 
suriiace.  For  the  solidity  of  other  figuivs,  see  each  figure 
separately. 

The  foregoing  rules  are  such  as  are  derived  from  com- 
mon geometry.  But  there  are  in  iwture  nurabetleas  other 
^rms,  which  require  the  aid  of  other  taetboda  and  priikr 
ciplea,  as  follows. 

<if  tie  So j.initY  of  BotU-xfomtdly  a  Plana rnoha^ 
about  mry  Axi»,  either  vikkin  or  viiikout  the  Body. — Con- 
cerning  such  bodies,  there  is  a  remarkable  property  or 
relation  between  their  solidity  and  the  path  or  line  de- 
scribed by  the  centre  of  gravity  a{  the  revolving  plane; 
via,  the  solidity  of  the  body  generated,  whether  by  a 
whole  revolution,  or  only  a  part  of  one,  is  always  equal 
to  the  product  arising  from  the  generating  plane  drawn 
into  the  path  or  line  described  by  its  centre  of  gravity, 
during  its  motion  in  describing  the  body,  ^nd  £is  rule 
holds  Uue  for  figures  generated  by  all  kiiids  of  motion 
whatever,  whether  rotatory,  or  direct  or  parallel,  or  ir- 
regularly sigiag,  &Ch  provided  the  generating  plane  doe* 
not  vary,  but  continue  the  same  throughout.  And  the 
same  law  holds  true  also  for  all  surfaces  any  how  gene- 
rated by  the  motion  of -a  right  line.  This  is  called  the 
Centrobaric  method.  See  CENTaoaaaic,  and  my  Men- 
suration, sect,  3,   pait  4. 

Qftht  SoLiDiTir  qfBodirtbythtMtlkodttfPluxioiu.-^ 
Thi)  method  applies  very  advantageously  in  all  cases  also 
in  which  a  body  is  conceived  to  be  generated  by  the  revo* 
iution  of  a  plane  figure  about  an  axis,  or,  which  is  much 
the  same  thing,  hy  the  parallel  motion  of  a  circle,  gra- 
dually expanding  and  contracting  itself,  according  to  the 
nature  of  the  generating  plane.  It  is  also  particularly 
useful  for  the  solids  generated  by  any  curvilineal  plana 
figures.  Thns,  let  the  plane  abd  revolve  about  the  axb 
ad;  then  it  will  generaiethe  solid  asfec.  Butasevery 
ordinate  de,  perpendicular  to  the  axis  ad,  describes  a 
ciKle  BCBF  in  the  revolution,  therefore  the  same  solid 
may. be  conceived  at  generated  by  a  circle  bobf,  gra- 
dually expanding  itself  Uiger  and  larger,  ood  noviiu 
3  G  2 
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[wrpfn£ciittrty  along  the  axii  ad.     Ctfrnequently  the  .  SOLSTITIAL  Pohitt,  are  ihose  [Htinis  of  the  ediptifi 

uTt&  of  ihut  circle  being  drawn  into                      JsfigX  ^^^  ^""  '^  '"  ^  '^'^  times  of  the  two  solstices,  bein^  the 

the  fluxion  of  the  axis,  will  produce              jefSll^K^^  first  points  of  Cancer  and  Capricorn,  whicb  are  diametri- 

tbe  fluxion  of  the   solid;   and   tbere~          jJ0"''\\  cally  opposite  to  each  uther. 

tore  tlie  fluent,  wiii-n  taken,  will  give        mi     C;'       I  SolbtjtiaI  CoIutc,  is  that  which  passes  through  the 

thcsolidiiy  of  that  body.     That  is,  ad     aSt tTr] —  soUtiliai  point', 

«  circle  bcf,  (whose  radius  is  de,  or  'tet.  'C]  h  SOLUTION,  in  Mathematics,  is  the  answering  or  re- 
diameter  BKj  in  the  fluxion  of  the  so-  ^VHlftiJ  solving  of  a  ijoestion  or  problem  that  is  proposed.  See 
litiiiy-                                                                    ^^^SMB  Kesolution,  and  Ebdoctioh  ofEfwo/iem*. 

Hence  then,  putting  ad  =  *,  db  s                      s^Wt  SoLirnotr,  in  Physics,  is  the  reduction  of  a  solid  or 

y,  c  =  31416;   because  cy'  is  equal  to  the  area  of  (he  firm  body,  into  a  fluid  state,  by  means  of  some  menstru- 

circlc  BCF, ;  therefore  i^x  is  the  fluxion  of  the  solid,  um.— Solution  is  often  confounded  with  what  is  called 

Consequently  if  the  value  of  cither  y*  or  jr  be  found  in  dissolution,  though  there  is  a  difference. 

terms  of  each  other,  from  the  given  equation  expressing  SOSIbENES,  was  an  Egyptian  mathematician,  whose 

the  nature  nf  the  curve,  and  that  value  be  substituted  for  principal  studii'S  were  chronology  and  the  maihematici 

it  in  the  fluxiunal  expression  ^'x,  the  fluent  of  the  result-  in  general,   and  who  flourished  in  the  lime  of  Jultua 

ing  quantity,  being  taken,  will  be  the  required  solidity  uf  Cxsar.     He  is  represented  as  well  versed  in  the  mathe- 

thc  body.  '  matics  and  (he  astronomy  of  the  ancients  ;  particularly  of 

For  Ex.     Suppose  the  figure  to  be  a  parabolic  conoid,  those  .celebrated    mathematicians,  Thales,   Archimedes, 

generated  by  the  rotation  of  the  common  parabola  adk  Hipparchus,  Calippus, 'and   many  others,   who   had  ud- 

about  it»  axis  ad.     In  this  case,   the  equation  of  the  dertaken  to  cjetermine  the  quantity  of  the  solar  year;- 

curve  of  the  parabola  is  pi  ^  y',  where  p  denotea  the  which  they  had  ascertained  much  nearer  the  truth  than 

parameter  of  the  axis.   '  Substituting  therefore  pi  instead  one  can  well  imagine  they  should,  with  instruments  so 

oi y',  in  the  fluxion  cy^i,  it  becomes  tqiix;  and  the  fluent  very  imperfect;  as  may  appear  by  reference  to  Ptolemy'* 

of  this  is  jcpx*  =  i<^xy' for  the  solidity;  that  is,  half  the  Alnmgist. 

product  of  the  base  of  the  solid  drawn  into  its  altitude ;  It  seems  that  Sosigenes  made  great  improvements,  and 

for  cy*  is  the  area  of  the  circular  base  bcf,  and  x  is  the  gat<e  proofs  of  his  being  able  to  demonstrate  the  certainty 

altitude.     And  soon  for  othersuch  6gures.     Seclhecon-  of  his  discoveries  ;  by  which  means  he  became  popular, 

tent  ol'  each'solid  under  its  proper  article.  and  obtained  repute  with  those  who  bad  a  genius  to  uit- 

fbr  the  Solidit:  ofhreguiar  Solidt,  or  such  as  cannot  derstand  and  relish  such  inquiries.     Hence  he  was  sent 

be  considered  as  generated  by  any  regular  motion  or  de-  for  by  Julius  Cxsar,  who  being  convinced  of  his  capacity, 

scription  ;  they  mu»t  either  be  considered  as  col  or  di-  employed  him  in  reforming  the  calendar ;  and  it  was  ho 

vided  into  several  parts  of  known  forma,  as  prisms,  or  py-  who  formed  the  Julian  year  which  begins  45  years  befoFC 

ramids,  or  wedges,  &c,  and  the  contents  of  these  parts  the  birth  uf  Christ.     His  other  works  are  lost  sitice  that 

found  separately.     Or,   in  the  case  of  the  smaller  bodies,  perind. 

of  forms  BO  irregular  as  not  tu  be  easily  divided  in  that  SOUND,  in  Geography,  denotes  a  strait  or  inlet  of 
way,  put  them  into  some  hollow  regular  vessel,  as  .a  the  sea,  between  two  capes  or  head-lands. 
hollow  cylinder  or  parallclopipedon,  &c  :  then  pour  in  T'Ae  Sound  is  used,  by  way  of  eminence,  for  that  ce- 
wateror  sand  so  that  it  may  Jill  the  vessel  exactly  to  the  lebraied  Strait  which  connects  the  German  sea  \o  the 
top  of  the  inclosed  irregular  body,  noting  the  height  it  Baltic.  It  is  situated  between  the  island  of  Zealand  and 
rises  to;  then  take  out  the  body,  and  ni)le  the  height  the  the  coast  of  Schonen.  Itis  about  l61eagues  in  length, and 
fluid  again  stands  at ;  the  difference  of  these  two  heights  in  general  about  5  in  breadth,  except  near  the  castle  of 
It  to  be  considered  as  the  altitude  of  a  prism  of  the  same  Cronenberg,  where  it  is  biit  one;  so  that  there  n  no  pas- 
base  and  fnrm  as  the  hollow  vessel ;  and -cunt  equently  the  sage  for  vessels  but  under  the  cannon  of  the  fortress, 
product  of  that  altitude  and  base  will  be  the  accurate  so-  Souk  d,  in  Physics,  a  perwption  of  the  mind,  com- 
.    lidity  of  the  immerged  body,  be  it  aver  so  irregular.  rounicated  by  means  of  the  ear;  being  an  effi-'ct  of  the 

SOLSTICE,  in  Astronomy,  is  the  time  when  the  sun  collision  of  bodies,  and  their  consequent  tremulous  mo- 
is  in  one  of  the  sqlstitinl  points,,  that  is,  when  he  is  at  the  tion,  communicated  to  tt^a  ambient  fluid,  and  so  propa- 
greatest 'distance  from  the  equator,  which  is  now  nearly  '  gated  through  it  to  the  organs  of  hearing. 
23°  2S'  on  either  side  of  it.  It  is  so  called,  because  the  Tu  illustrate  the  cause  of  sound,  it  is  to  be  obser^'ed. 
sun  then  seems  to  stand  still,  and  not  to  change  his  place,  lal,  That  a  motion  is  necessary  in  the  sonorous  body  for 
as  to  declination,  either  way.  There  are  tw"  solstices,  the  production  of  sound.  2dly,  That  this  motion  exists 
in  each  year,  when  the  sun  is  at  (he  greatest  distance  on  6rst  in  the  small  and  insensible  parts  of  the  sonorous  bo- 
the  north  and  south  sides  of  the  equator  ;  vtz,  the  estival  dies,  and  is  excited  in  them  by  their  mutual  collision 
or  summer  solstice,  and  the  hyenial  or  winter  solstice.  against  each  other,  which  produces  the  tremulous  motion 

The  summer  solstice  is  when  the  sun  is  in  the  tropic  of  so  observable  in  bodies  that  have  a  clear  sound,  a.i  bells. 

Cancer;  which  is  about  the  21st  of  June,  when  he  makes  musical  chords,  &t,     3dly,  That  this  motion  is  commn- 

Ihe  longest  day.     And  the  winter  solstice  is  when  he  en-  nicated  to,  or  produces  a  like  motion  in  the  air,  or  such 

ters  the  lirst  degree  of  Capricorn  ;  which  is  about  the  23d  parts  pf  it  as  are  fit  to  receive  and  propagate  it.    Lastly, 

of  December,  when  he  makes  the  shom-st  day. — This  ii  That    this    motion    must    be    communicated   to    those 

to  be  understood,  us  iir  uur  northern  hemisphere  ;  for  in  parts  that  are  the  proper  and  immediate  instruments  of 

the  southern,  the  sun's  entrance  into  Capricorn  makes  hearing. 

their  summer  solstice,  and  that  into  Cancer  the  winter  Now  that  motion  of  a  sonoroas  body,  which  is  the  ioi- 

onc.     So  that  it  is  more  precise  and  determinate,  to  say  mediate  cause  of  sound,  may  be  owing  to*wo  different 

the  northern  and  southern  solstice.  causes  ;  either  the  percussion  between  it  and  other  har4 
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bodies,  »  in  ttruma,  belli,  chords,  &c  ;  or  the  beating  and 
daihing  of  the  lonorncs  body  and  the  air  immediately 
against  each  other,  as  in  flutes,  trumpets,  &c. 

But  in  both  these  cases,  the  motion,  which  is  the  con- 
wquence  of  the  mutual  action,  as  w?U  as  the  immolate 
cause  of  the  Kinorous  tnolion  whicb  the  air  conveys  to 
the  ear,  is  supposed  to  be  an  invisible,  trfemulous  or  un- 
dulating motion,  in  the  small  and  insensihie  parts  of  the 
budy.  Perrault  adds,  that  the  visilile  motion  of  the 
grosser  parts  contributes  no-  otherwise  to  sound,  than  as 
it  causes  the  invisible  motion  of  the  smaller  pans,  which 
he  calls  particles,  to  distingubh  them  from  the  sensible 
ones,  whicb  he  call)  parts,  and  from  the  smallest  of  all, 
which  are  called  corpuscles. 

The  sonorous  body  having  made  its  impression  on  the 
contiguous  air,  that  impression  is  propagated  from  one 
particle  to  another,  according  to  iht:  laws  of  pneumatics. 
A  few  particles,  for  instance,  driven  from  the  surface  of 
the  body,  push  or  press  their  adjacent  jiarticles  into  a  less 
space ;  «ud  the  medium,  as  it  is  thus  rarelied  in  one  place, 
becomes  condensed  in  the  other  ;  but  the  air  thus  JCom- 
pressed  in  the  second  place,  is,  by  its  elasticity,  returned 
back  again,  both  to  its  former  place  and  its  former  stale ; 
and  the  air  contiguous  to  (hat  is  compressed ;  and  the  like 
obtains  when  the  air  less  compressed,  expanding  itself,  n 
new  compression  is  genentted.  Therefore  from  each  agi- 
tation of  tbe  air  there  arises  a  motion  in  it,  analogous  to 
the  motion  of  a  wave  on  the  surface  of  the  water  ;  which 
is  called  a  wave  or  undulation  of  air.  In  each  wave,  tbe 
particles  go  and  return  hack  again,  through  very  short 
equal  spaces;  tbe  motion  of  each  particle  being  analo- 
gous to  tbe  motion  of  a  vibrating  pendulum  while  it  per- 
forms two  oscillations;  most  of  the  laws  of  the  pendu- 
lum, with  very  little  alteration,  being  applicable  to  the 
former. 

Sounds  are  as  various  as  are  the  means  that  concur  in 
producing  them.  The  chief  varieties  result  from  tbe 
figure,  constitution,  quantity,  &c,  of  the  sonorous  body ; 
the  manner  of  percussion,  with  the  velocity,  &c,  of  the 
consequent  vibrations;  the  "state  and  constitution  of  the 
Dtedium;  the  disposition,  distance,  &c,  of  tbe  organ  ;  the 
obstacles  between  the  organ  and  the  sonorous  object  and 
the  adjacent  bodies.  The  most  notable  distinction  of 
sounds,  arising  from  the  various  degrees  and  combinations 
of  the  conditions  above  mentioned,  are  into  lond  and  low 
(or  strong  and  weak) ;  into  grave  and  acute  (or  sharp  and 
flat,  or  high  and  low)  ;  and  into  long  and  short.  The 
manngeraent  of  which  is  the  office  uf  music. 

Euler  is  of  opinion,  that  no  sound  making  fewer  vibra- 
tions than  30  in  a  second,  or  more  than  7520,  is  distin- 
guishable by 'the  human  ear.  According  to  this  doctrine, 
the  limit  of  our  hearing,  us  to  acute  aud  grave,  is  an 
interval  of  8  octaves.     Tenlam.  Nov.  Theor.  Miis.  cap..l, 


The  velocity  of  sound  is  the  same  with  that  of  the 
aerial  waves,  and  does  not  vary  much,  whether  it  go  with 
the  wind  or  against  it.  By  the  wind  indeed  a  certain 
quiintity  of  air  is  carried  from  one  place  to  another  ;  and 
the  sound  is  accelerated  while  its  wave*  move  through  that 
part  of  the  air,  if  tbeir  direction  be  the  same  as  that  of 
the  wind.  But  as  sound  moves  vastly  swifter  than  the 
wind,  the  acceleration  it  will  hereby  receive  is  but  incon-' 
stdcrable ;  and  the  chief  effect  we  can  perceive  from  the 
"wind  is,  that  it  increases  «nd  diminishes  the  space  of  the 
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waves,  so  that  by  help  of  it  the  sound  may  be  heard  to  a 
greater  disiauce  than  otherwise  it  would. 

Thkl  the  air  Is  the  usual  medium  of  sound,  appears- 
from  venous  experiments  in  rarefied  and  condensed  air.- 
In  an  unexhausted  receiver,  a  small  bell  may  be  heard  to 
some  distance;  but  when  much  exhausted,  it  can  scarce 
be  heard  at  the  smallest  disiajice,  not  at  all  in  a  perfect 
vacuum.  When  the  air  is  condensed,  the  sound  is  louder 
in  proportion  to  the  condensation,  or  quantity  of  air 
crowded  in  ;  of  whicb  there  are  many  instances  in  llauks- 
bee's  experiments,  in  Dr.  Priestley's,  and  others.  Be- 
sides, sounding  bodies  communicate  Irtmors  to  distant 
bodies;  for  example,  the  vibrating  nioiions  of  a  musical 
siring  put  others  in  motion,  whose  tension  and  quajitity 
of  matter  dispose  their  vibrations  to  keep  time  with  the 
pulses  of  air,  piopagated  frrjra  the  string  that  was  struclc. 
Galileo  explains  this  pben'imenon  by  ub<>erving,  that  a 
heavy  pi'ndulum  may  be  put  in  motion  by  the  least 
breath  of  the  mouth,  provided  tiie  blasts  he  repeated,  so  as 
to  keep  time  exactly  with  the  vibrations  of  the  pendulum  ; 
and  also  by  attending  to  the  same  circumstances  of  vi- 
bration, the  raising  a  large  bell  is  easily  effected.        \ 

It  is  not  air  alone  that  is  capable  of  the  impressions  of 
sound,  but  water  also ;  as  is  manifest  by  striking  a  bell 
under  water,  the  sound  of  which  may  plainly  enough  be 
heard,  only  not  so  loud,  and  also  a  fourth  deeper,  accord- 
ing to  good  judges  in  musical  notes.  And  Mersenne 
says,  a  sound  mode  under  water  is  uf  tbe  same  tone  or 
note,  as  if  made  in  air,  and  heard  under  the  water. 

The  real  vehicle  of  sound,  or  that  by  which  It  is  trans- 
mitted from  tiie  sonorous  body  to  the  ear,  is  a.  subject 
that  has  much  engaged  the  attention  of  philosophers. 
From  the  above-mentioned  experiments  in  an  exhausted 
receiver  some  have  concluded, Tatbar  hastily,  that  air  it 
this  vehicle;  but  though  air  will  convey  sound,  and  even 
though  it  cannot  be  transmitted  through  a  vacuum,  yet 
it  does  not  follow  that  air  is  the  only  medium  of  trans- 
mission: this  indeed  is  proved  by  iheexperiment  of  strik- 
ing a  hell  in  water,  which,,  as  above  observed,  may  be 
heard  nearly  as  well  as  when  sounded  in  the  air.  Again, 
solid  bodies  transmit  sound  much  more  readily  than  the 
air:  it  has  been  lately  determined,  by  some  experiments 
accurately  made  and  frequently  repealed  in  France  by  Mr. 
Biol,  that  sound  is  transmitted  through  a  solid  body  in- 
0""i9t  which  in  open  air  would  require  2''-79  to  be  con- 
veyed to  the  same  distance,  according  to  the  experiments 
of  the  Academy  uf  Sciences. 

The  velocity  of  sound,  or  the  space  through  which  it  is 
propi^Blcd  in  a  givi-n  time,  has  been  very  dllTerently  esti- 
mated by  authors  who  have  written  on  this  subject.  Ko- 
berval  states  It  at  the  rate  of  560  feet  in  a  second ;  Gas- 
sen^iusat  1473;  .Mersenne  at  1474;  Duhamel,  in  the 
History  of  the  Academy  of  Sciences  at  Paris,  at  1338 ; 
Mewton  at  96s  ;  Derham,  in  whose  measure  FlamMred 
and  Halley  acquiesce,  at  1 1^2. — The  reason  of  this  va> 
riety  is  ascribed  by  Derham,  partly  to  some  of  those  gen- 
tlemen, using  strings  and  plummets  instead  of  regular 
pfflidulums ;  and  partly  to  the  too  small  distance  between 
tbe  sonorous  body  and  the  place  of  observation;  and 
partly  to  no  regard  being  had  to  the  winds. 

But  by  tbe  accounts  since  published  by  M.  Casslni  de 
Thury,  in  the  Memoirs  of  the  Koyal  AcaJ.  of  Scjente*  at 
Paris,  1738,  where  cannon  were  fired  at  various  great 
distances,  under  many  varieties  of  we^tberr  wind,  and. 
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adi«r  rircQTiWtMicn,  uid  where  thriiMSnfret  of  the  dif-  have  Um  mtl  tome  tb«ir  whole  heijitit  above  each  olber,* 

ferent  places  had  been  settled  with  the  utmost  cxsctnesi,  at   in  the  H:cieBt   tbestm.     Paiot  ha«  generally  been 

it  wsi  found  that  sound  wai  propagated,  on  a  medinni,  at  thought  unfavourable  tu  sound,  from  kt  being  lo  to  mnii- 

the  rate  of  1038  French  feet  in  a  second  of  one.     But  cal  instruRienb,  vrhoiccfiects  it  quite  destroys, 
the  French  fool  is  in  proportion  to  the  English  ag  15  to         Miuical  instruments  mostly  depend  on  the  vibrativc  or 

16;  and  conaequenily  1038  French  feet  are  e<]Ual  to  1107  tremulous  property  of  the  maleriftl,  which  a  body  of 

English  feet.  /I'faerefore  the  dtfivrence  of  the  measures  of  eolour  hardened  in  oil  muM  tery  moeh  alter;  bat  wc 

Derham  and  Catshu  is  S5  Engltsh  feet,  or  33  French  should  distinguish  that  this  regards  the   formation   of   ' 

feet,  in  a  second.     Whence  the  medium  velocity  of  sound  sonnd,  which  may  not  altogether  be  lb*  case  in  the  pr<^ 

is  nearly  at  the  rale  of  a  mile,  or  5280  feet,  in  4|  se-  gress  of  it.     Water  has  been  little  noticad,  with  respect 


eonds,  or  a  league  in  14  seconds,  or  13  miles  in  a  minut^. 
But  geographical  miles  are  to  English  miles  nearly  as  7- 
to  6 1  uid  therefore  souad  moves  over  a  geographical  mile 
in  5}  seconds  nearly,  or  a  sea  league  in  \6  seconds. 

farther, 'it  isacorawon  observawin,  that  persons  in 
good  health  haTe  about  75  pulsations,  or  beats  of  the  ar- 
tery aithe  wrist,  in  a  roinute:  consequently  ia75  pulsa- 
tions, eound  tlies  abont  13  Engluh  mil^,  or  11^  sea 
miles,  which  is  about  1  English  mile  in  6  pulses,  or  a 
leaj^e  in  SO  pulses.     And  hence  the  distance  of  object) 


its  conducting  sound  ;  but  it  will  be  Hound  to  be  of  tb« 
greatest  consequence.  1  had  often  perceived  in  nuwty- 
finished  bouses,  [hat  while  they  were  yet  damp,  they 
produce^  echoes ;  but  that  the  echoing  abated  as  they 
dried. 

Exp.  When  I  made  the  followii^  experiment  there  wa> 
a  gentle  wind ;  consequently  the  water  was  proportionally 
■fitaied.  I  choae  a  quiet  part  of  the  river  Thames,  near 
Chelsea  Hospital,  yid  with  two  boats  tried  the  distance 
the  voice  would  reach.   On  the  watef  we  could  distinctly 


may  be  found,  by  knowing  the  time  employed  by  sound  beanj  person  read  at  the  distance  of  1«0  feet,  on  land  at 

in  moving  from  I hoae  objects  to  an  obaeiver.     For  ex.  that  of  76-     It  should  be  observed,  that  on  land  no  noise 

On  seeing  the  flash  of  a  gun  at  sea,  if  54  beats  of  the  intervened ;  but  on  the  river  wme  none  was  occasioned 

Cube  at  ^le  wrist  were  counted  before  the  report  was  by  the  flowing  of  the  water  against  the  boats;  so  that  Ehs 

eard  ;  the  distance  of  the  gun  will  easily  be  found  by  difference  on  land  and  on  water  must  be  much  more, 

dividing  54  by  20,  which  gives  2'7  leagues,  or  about  8  Watermen  observe,  that  when  the  water  it  still,  and 

miles.  the  weather  quite  calm,  if  no  noise  intervene,  a  whisper 

On  the  nature,  prodnction,  &c,  of  sound,  see  the  arti-  may  be  heard  acrowthe  river  j  and  that  with  thecurrent 

cle  Phoitics  and  Echo;  also  the  Memoirs  of  the  Acad,  ii  will  be  carried  lo  a  much  greater  distance,  and  vice 

and  the  Philos.  Trans,  in  many  places ;  Newton,  Prin-  vena  against  the  cunenE. — Mariners  well  know  the  dif- 

dpia;  Kircher,  Mesnr^a  Universalis;    Mersenne;    Bo-  fercnceof  sound  on  sen  and  laud.     When  a  canal  of  water 

R-lli,  Del  Suono ;  Bernoulli  and  Eater,  &c,  in  the  Peters-  was  laid  under  the  pit  Door  of  the  theatre  of  Argentino, 

Warg  Memoin  ;    Priestley,  Exper.  and  Observ.  vol.  5  ;  at  Rome,  a  surprising  dil&rence  waa  observed ;  the  voice 

Hales,  Sonorum   Doctrina  rationalis  et  experimetitalts,  baa  since  ^>ecn  heard  at  the  end  very  distinctly,  where 

4to,  1778 ;  Dr.  Matthew  Voung  on  Sounds  and  Musical  it  was  before  scarce  distinguishable.    It  is  observable  that, 

Strings ;  see  also  an  ingenious  treatise  published  1790,  by  in  this  part,'  the  canal  is  covered  with  a  brick  arch,  over 

Mr,  Geo.  Saunders,  on  Theatres;    in  which  he  relates  which  there  ia  a  quantity  of  earth,  and  the  limber  iloor 

many  expenmenls  made  by  himself,  on  the  nature  and  over  all. 

propagation  of  sound.     In  this  warfa,  he  shows  the  great  Tbe  villa  Stmonelta  near  Milan,  so  reimarkahle  for  its 

effect  of  wdier,  and  some  other  bodies,  in  coftdncting  of  echoes,  is  entirely  over  arcades  of  water.     Another  villa 

Bound.     Some  of  his  Conclusions  and  observations  are  as  near  Rouen,  remarkable  for  its  echo,  is  built  over  eubler- 

follow:  raneous  cavities  of  water.     A  n-servoir  of  water  domed' 

Earth  may  be  supposed  lo  have  a  twt^idd  property  over,  near  Sianmore,  has  a  strong  echo,     I  do  not  rcmem- 

with  respect  to  sound.     Being  very  porous,  it  absorl»  ber  ever  being  under  the  arches  of  a  stone,  bridge  that 

•oood,  which   is  counteracted  by  its  property  of  con-  did  not  echo;  which  is  nut  always  the  case  with  similar 

ducting  sound,  aiid  occasions  it  to  pass  on  a  plane,  in  structures  on  land.      A  house  in  I.junbeth  Marsh,  inba- 

an  equal  proportion  to  its  progress  in  air,  unencombered  bitod  by  Mr.  Turtle,  is  very  damp  during  winter,  when  it 

by  any  body.     If  a  sound  be  sufficiently  intense  to  im-  yields  an  echo  which  abates  as  the  bouse  becomes  dry  in 

press  the  earih  in  its  tremulous  quality,  it  will  be  car-  summer.     Kircher  observes,  that  echoes  repeat  more  by 

ried  to  a  considerable  distance,  as  when  the  earth  ia  night  than  during  the  day :  he  makes  ihe  difference  to  bo 

struck  with  any  thing  hard,  a>  by  the  motion  of  a  car-  double.     Dr,  Plolt   says,  the  echo  in  Woodstock  park, 

riage,  hones  feet,  &c.      Plaster  is  proportionally  better  repeated  17  limes  by  day,  and  20  by  night.     And  Addi- 

than  loose  earth  for  conducting  sound,   as  it  is  more  son's  experiment  at  tbe  Villa  Simonetta  was  in  a  fog,  when 

compact.     Clothes  of  every  kind,  particularly  woollen  it  produced  66  repetitions, 

cloths,  are  very  prejudicial  to  sound  :  their  absorption  of  After  all  these  Instances,  I  think  little  doubt  can  re- 
sound may  he  compared  to  that  of  water,  which  ibey  main  of  tbe  influence  water  has  on  sound  }  and  I  con- 
greedily  imbibe.  elude  that  it  conducts  sound  mure  than  any  other  body 

A  number  of  people  seated  before  others,  as  in  the  pit  whatever.    After  water,  stone  may  be  reckoned  the  best 

or  gallery  of  a  theatre,  do  considerably  prevent  the  voice  conductor  of  sound.     To  what  cause  it  may  be  atiri- 

reaching  those  behind  ;  and  hence  it  is,  that  we  hear  so  buted,  1  leave  to  future  enquiries  :  I  have  confined  my- 

much  better  in  tlie  front  of  the  galleries,  or  of  any  situa-  sdf  to  speak  of  facts  only  as  they  appear.     Stone  is  sono- 

tion,  than  behiitd  others,  though  we  may  be  nearer  to  the  raus,  but  gives  a  harsh  disagreeable  tone,  unYavourable  to 

speaker.'  Our  seats,  rising  so  httle  above  each  other,  oc>  music!     Brick,  in  respect  to  sound,  has  nearly  the  same 

cauoQ  this  defect,  wbkb  would  be  remedied,  could  we  properties  «s  stone.    Part  of  tke  gvden  wall  of  the  late 
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W-  Pitt.eiq.  ofKin^tan  in  Donetdtire,  oonveyi  a  tohif  *out  body,  lo  quick,  that  we  judge  it  one  contumeil 
per  lo  the  distttnce  of  near  SOO  feet.  Wood  ii  sonorous,  sound,  apeciuLly  wheEc  it  is  conutiued  -in  the  wme  de- 
ctodubiivp,  and  vibrarive  ;  of  all 'materials  it  producer  a  gKe  of  strength;  and  h«nce  arises  the  doctrine  of  iDea> 
tone  the  most  agmsble  and  melodious  ;   and  it  is  therefore     sure  and  time. 

the  fittest  for  musical  instrumeuts,  and  for  lining  of  roomc  Musical  Euutids  are  also  divided  into  simple  and  com- 
and  theatres.  •  pound ;  and  that  in  two  different  ways.     In  the  lir^l,  a 

The  common  notion  that  whlspenng  at  one  and  of  a  fiound  is  said  to  be  compound,  wht-n  a  number  of  succes- 
long  piece  of  timber  would  be  heard  at  tbeother  end,  d.  sive  vibratioijs  of  the  sonorous  body,  and  the  air,  come  so 
found  by  experiment  to  be  erroneous.  A  siioJi  of  timber  '  fast  upon  the  ear,  that  we  judge  ihem  thc-iame  continued 
65  feci  long  being  slightly  struck  at  one  end,  a  sound     sound ;  like  as  in  the  phenomenon  of  the  circle  of  fir^i    - 

s  heard  at  the  other,  and  the  tremor  veny  perceptible  :      caused   by   putting  the  lighted  end    of  a  alick  in  a  qilicic 


■which  is  rasily  accounted  for,  when 

ber  or  length  of  the  fibres  that  compose  it,  each  of  which 

may  be  compared  to  a  string  of  catgut. 

Fbr  the  R^itcnon,  R^atttion,  Ifc,  (^ ^ovvD  ;  see  Echo', 
and  Phusics. 

.Articulate  Sound.     See  AaTicuLATE. 

Sod  n  d,  in  Music,  denotes  a  quality  of  the  several 
Bgiiatiiins  of  the  air,  so  as  to  make  music  or  harmony.— 
Sound  is  the  object  of  music;  which  is  noihing  but  the     product  of  one  voiee, 

rt  of  Implying  sounds,  under  such  circumstances  of  lone         A  Conqtouitd  Si 


circular  motion  ;  where  supposing  the  end  of  the  stick  in 
any  point  of  the  circle,  the  idea  we  receive  of.it  iberc 
cootinues  till  the  irapressioa  is  renewed  by  a  suiUqa  re- 

A£nij]/«SovND  then,  with  regard  to  this  compcwitinn. 
should  be  the  effect  of  a  single  vibration,  of  of  as  many 
vibrations  as  arc  necessary  to  raise  in  us  the  idea  of  sound. 
In  the  second  icnse  of  composition,  a  simple  soimd  is  the 
'  one  instrument,  &c. 
consists  of  the  sounds  of  several ' 
and  time,  as  to  raise  agreeable  sensations.  The  principal  distinct  voices  or  instruments  all  united  in  the  same  indi- 
aflection  of  sound,  by  which  it  becomes  titled  to  have  thb  vidua!  tirDc,.ai)d  measure  of  duration,  that  is,  all  striking 
end,  is  that  by  which  it  is  distinguished  into  acute  and  the  air  together,  whatever  thi'ir  other  differences  may  be, 
grave.  This  difference  depends  on  the  nature  of  the  sono-  But  in  this  sense  again,  there  is  a  twofold  cumpo^ition;  a 
tousbody;  the  particular  figure  and  quantity  of  it ;  and  natural  and  an  artificial  one.  Thenaturalcomposilioni* 
even  in  some  cases,  on  the  part  of  the  bodv  .where  it  is  that  proceeding  from  tbe  manifold  reflections  of  the  first 
■struck-,  and  it  is  this  that  constitutes  what  arc  called  dif-  sound  from  adjacent  bodies,  where  the  Fe6ections  are  not 
fsrent  tosM.-  so  sudden  as  to.  occasion  echoes,  but  are  all  in  the  same 

The  cause  of  this  difference  appears  to  be  no  other  than     tone  with  the  first  note, 
the  different  velocities  of  the  vibrations  of  the  sounding         The  artificial  composition,  which  alone  comes  under 

the  musician's  province,  is  that  mixture  of  several  soundsi 
which  being  niade  by  art,  the  ingredient  sounds  arc  se- 
parable, and  distinguishable  fiom  ooc  aaotber.  In  this 
sense  the  distinct  sounds  of  several  voices  or  instruments, 
or  several  notes  of  the  same  instrument,  arc  cailed  simple 
sounds,  in  contradistinction  from  the  compound  ones, 
which,  in  order  to  answer  ihe  end  of  music,  the  simple* 
must  have  luch  an  Hgrrement  in  ail  relations,  chiefly  aa 
to  acuteiiess  and  gravity,  as  that  the  ear. may  receive  ths 
mixture  uiih  pleasure. 

Another  distinclioA  of  sounds,  with  regard 
that  by  which  they  are  said  to  be  smooth  o 
rough  or  harsh,  also  clear  and. honrse:  thecal 
difference  depends  on 'the  disposition  and  stal 
norous  body,  or  the  circumstances  of  the  place;  but  the 
ideas  of  the  difterences  must  beuxight  from  observation. 
Smooth  and  rough  sounds  depend  chiefly  on  thesoimd- 
have  a  remarkable   instance  tn 
and  not  of  the  same  dimension 
tion  throughotjit. 
As  to  clear  and  hoarse  sounds,  they  depend  on  cir- 
cumstances that  are  accidental  to  the  sonorous  body. 
Thus,  a  voice  i>r  iiistrumeiJt  will  be  hollow  end  hoarse 
if  sounded  within  an  empty  hogshead,  that  yet  is  clear 
and  briglit  out  of  it :  the  effect  is  owing  to  the  mi.tture  of 
different  sounds,  raised   by  reftections,  which  corrupt  alid 
change  the  species  of  the  primitive  sound. 

For  sounds  to  be  fit  to  obtain  the  end  of  music,  they 
ought  to  be  smooth  and  clear,  especially  the  first;  since, 
without  this,  Ihey  caanot  have  one  certain  and  diftcerai- 
ble  tone,  capable  of  being  compared  to  others  iu  a  cer- 
tain  rel.ition  of  acuteness,  which  the  ear  may  judge  of. 
60  that,  with  Malcolm,  we  call  that  an  hafmonic  or  mn- 


body.  Indeed  the  tone  of  a  sound  is  found,  by 
experiment),'to  depend  on  the  nature  of'Ifaose  vibrations, 
'whose  differences  we  can  conceive  no  otherwise  than  as 
having  dtAereot  velocities  :  and  since  it  is  proved  that  the 
small  vibrations  of  the  same  chord  are  all  performeil  in 
equal  times,  and  that  the  toneufasoand,  which  continues 
dor  some  time  after  the  stroke,  is  the  same  from  first  to 
last,  it  follows,  that  the  tone  is  necessarily  caanectcd  wrtb 
a  certain  quantity  ot^tinie  in  making  each  vibration,  or 
each  wave;  or  that  a  certain  number  of  vibrations  nr 
waves,  made  in  a  given  lime,  constitute  a  certain  and  de- 
terminate tone,  t-'rum  this  principle  arc  all  the  pbetM- 
nena  of  tunc  deduced. 

If  the  vibrations  be  isochronous,  or  performed  in  the 
same  time,  the  sound  is  called  musical,  and  is  said  to  con- 
tinue at  the  same  pitch;  and  it  i*  also  accounted  acuter, 
sharper,  or  higher  than  any  other  sound,  whose  vibrations 
are  slower,  and  therefore  graver,  flatter,  or  lower,  than  any  ing  body  ;  of  whi 
other  whose  vibrations  are  quicker.    See  Umi8o)i.  ,  strings  that 

From  thesame  principle  arise  ^vfaat-are  called  concords, 
l)C ;  which  result  from  the  frequent  unions  and  coinci- 
dences of  the  vibrations  of  two  sonorous  bodies,  and  con- 
sequently of  the  pulses  or  the  waves  of  the  air  occasioned 
by  them.  On  the  contrary,  the  result  of  less  frequent 
eoincidences-of  those  vibrations,  is  what  is  called  dis- 
cord. 

Aaotber  considerable  distinction  of  musical  sounds, 
is  that  by  which  they  are  called  long  and  short,  owing  to 
the  continuation  of  the  impulse  of  the  efficient  cause  on 
the  sonorous  body  for  a  longer  or  Sorter  time,  as  in  the 
Botes  of  a  violin  &c,  which  are  made  longer  or  shorter  by 
strokes  of  different  length  or  ;juickness.  This  continuity 
B  propfrly  a  succession  of  sevnal  sounds,  ~    .     .■ 


)  mUiic,  la 
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T  the  effect  of 


-  several  dutiact  slrokes^ar  fepeaia(liaputtes,«0  tbesono-     aical  sound  which,  being  clear  and  even,  iaagracabk  t» 
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>h<a  Far,  and  gires  a  cFrlniii . anfl  discernible  tune  (hence  5,'  and  u  there  ii  no  mark  at  4,  6,  S,  &c,  he  CKtimate* 
■  called  tunable  sound),  which  is  the  subject  of  the  whole  those  numbers,  and  calb,  '  by  iho  dip  Tour,  &c.'  if  h« 
theory  of  harmony. — Wood  has   a  particular  vibrating    judges  it  to  be  a  quarter  or  a  half  more  than  any  particu- 


quality,  owing  to  its  elasticity  ;  and  all  musical 
ments  made  of  thiit  matter,  are  of  a  thickness  propor- 
tioned to  the  superficies  of  the  wood,  and  the  tone  they 
are  to  produce. — Metals  arc  sonorous  nnd  vibrativej  pro- 
ducing ft  harsh  tone,  very  serviceable  to  some  parts  of     5,'  and 
music.     Must  wind  instruments  are  ntade  of  metal,  which         The  deep-sea-lead  li 
is  acted  on  in  its  elastic  and  tremulous  quality,  being  ca- 
pable of  being  reduced  very  thin  fur  that  purpo^.     In- 
tCrumenlB  of  ibis  kind  are  such  as  horns,  trumpets,  &c. 
Some  instruments  however  depend  more  on  the  form  than     feclually 
the   material  ;    as   flutes,    for   instance,    which,    if  their      usual  pi 


ber,  he  calls,  '  and  a  quarter  5/  '  and  a  half  V 
&c.  If  he  conceives  the  depth  to  be  three  quarters  more 
than  •  particular  number,  he  calls  it  a  quarter  leas  than 
the  next :  thus,  at  4  fathom  ^,  he  calls,  '  a  quarter  less 

marked  with  2  knots  at  30 

fathom,  3'at  30,  4^  at  40,  &c,  to  the  end.     It  is  also 

marked  with  a  single  knot  at  ihe  middle  of  each  interval, 

25,  35,  45  fathoms,  &c.     To  use  this  lead  mure  ef- 

ea,  or  in  deep  water  on  the  sea-coast,  it  it 

isly  to  bring-to  the  ship,  in  order  to  retard 


lengths  and  bore  be  the  same,  have  very  little  difference  her  course:  the  lead  b  then  thrown  as  far  as  possible 

in  their  sounds,  whatever  the  matter  of  them  may  be.  from  the  ship  on  the  line  of  her  drift,  so  that,  as  it  sinks, 

See  Haruomical.  ,  the  Ehip  drives  more  perpendicularly  over  ii.     The  pilot 

SOUND-BoARD,  the  principal  part  of  an  organ,  and  feeling  the  lead  strike  the  bottom,  readily  discovers  the 

that  which  mikes  the  whole  machine  play.     This  sound-  depth  of  the  water  by  the  mark  on  the  line  nearest  iis 


board,  or  summer,  is  a  reservoir  into  which  the  air,  drawn 
in  by  the  bellows,  is  conducted  by  a  port-vent,  and  thence 
distributed  into  the  pipes  placed  over  the  holes  of  iis  up- 
per part.  This  wind  enters  them  by  valves,'  which  open 
by  pressing  upon  the  stops  or  keys,  after  drawing  the  re- 
gisters, which  prevent  the  air  fiom  going  into  any  of  the 
other  pipes  besides  those  it  is  required  in, 

SovsD-board  denotes  also  at'' 
over  the  head  of  a  public  apeaki 

or  strengthen  his  voice.  Sound.buards,  in  theatres,  are 
found  by  e;tpericnce  to  be  of  no  service;  their  distance 
from  the  speaker  being  lob  great,  to  be  impressed  with 
sufficient  force.  But  sound-boards  immediately  over  a 
pulpit  have  often  a  good  effect,  when  the  case  is  made  of 
A  just  thickness,  and  according  to  certain  principles. 

SovvD-Poii,  is  a  post  placed  withinside  of  a  violin, 
&c,  as  a  prop  between  the  bnck  and  the  belly  of  the  in- 
strument, and  nearly  under  the  bridge. 

SOUNDING,  in  Navigation,  the  act  of  trying  Ihe 
depth  of  the  water,  and  the  quality  of  the  bottom,  by  a 
line  and  plummet,  or  other  artifice.  At  sea,  there  are 
two  plummets  used  for  this  purpose,  both  shaped  like  the 
frustum  of  a  cone  nr  pyramid.  One  of  these  is  called 
the  hand-lead,  weighing  about  8  or  gib;  and  the  other 
the  deep -sea- lead,  weighing  from  25  to  30lb.     The  former     in  length  between  any  two  bodi 

is  used  in  shallow  waters,  and   the  latter  at  great  di-  "■    "  

stances  from  the  shore.  The  line  of  the.  band-lead,  is  about 
S5  fathoms  in  length,  and  marked  at  every  two  or  three 
fathoms,  in  this  manner,  viz,  at  2  and  3  fathoms  from 
the  lead  there  are  marks  of  black  leather  ;  at  5  fathoms 
a  white  rag,  at  7  a  red  rag, at  10  and  at  13  black  leather, 
at  15  a  white  rag,  and  at  17  a  red  one. 

Sounding  with  the  hand-lead,  which  the  seaman  call 
heaving  the-  lead,  is  generally  performed  by  a  man  who 
stands  in  the  main-chains  to  windward.  Having  the  line 
all  ready  to  run  out,  without  interruption,  beholds  it  nearly 
at  the  distance  oC  a  fathom  from  the  plummet,  and  hav- 
ing swung  the  latter  backwards  and  forwards  three  or  four 
times,  in  order  to  acquire  the  greater  velocity,  he  swings 
it  round  his  head,  and  thence  as  far  forward  as  is  neces- 
sary; so  that,  by  the  lead's  sinking  whilst  the  ship  ad- 
vances, the  line  may  be  almost  perpendicular  when  it 
reaches  the  bottom.  The  person  sounding  ihen  proclaims 
ihe  depth  of  the  water  in  a  kind  of  song  resembling  the 
cries  of  hawkers  in  a  city  ;  thus,  if  the  mark  of  5  be 
close  to  the  surEoce  of  the  water,  he  calls,  '  by  the  mark 


surface.  The  bottom  of  the  lead,  which  is  a  little  hol- 
lowed there  fur  the  purpose,  being  also  well  rubbed  over 
with  tallow,  retains  the  distinguishing  marks  of  the  bot- 
tom, as  shells,  uoie,  ^avel,  &c,  which  natumlly  adhere 
to  it. 

The  depth  of  the  water,  and  the  nature  of  the  ground, 
which  arc  called  the  soundings,  are  carefully  marked  in 
brood  board  placed  the  log-book,  as  well  to  determine  the  distance  of  the 
id  extend  place  from  the  shore,  as  to  correct  the  observations  of  for- 
mer Jlilots.  Falconer.  For  a  machine  to  measure  un> 
fathomable  depths  of  the  sea,  see  Altitude. 
'  SouHDiKG  lAe  pump,  at  seaj  is  done  by  letting  fall  a 
small  line,  with  some  weight  at  the  end,  down  into  the 
pump,  to  know  what  depth  of  water  there  is  in  it. 

SOUTH,  one  of  the  four  cardinal  points  of  the  wind, 
or  compass,  being  that  which  is  directly  opposite  to  the 

SoDTii  £>trec<  Dialt.     See  Prime  Vertkdi. 

SOUTHERN  Hanvpkere,  Sigru,  $c,  those  in  the  south 
side  of  the  equator. 

SOUTHING,  in  Navigation,  the  difference  of  latitude 
made  by  a  ship  in  sailing  to  the  southward. 
.  SPACE,  denotes  room,  place,  distance,  capacity,  ex- 
tension, duration,  &c.  When  space  is  considered  barely 
■  ■■  it  gives  the  same  idea 
of  distance.  When.it  is  considered  in  length, 
breadth,  and  thickness,  it  is  properly  called  capacity. 
And  when  considered  between  the  extremities  of  matter, 
which  fills  the  capacity  of  space  with  something  solid, 
tangible,  and  moveable,  it  is  then  called  extension.  So 
that  extension  is  an  idea  belonging  to  body  only ;  but 
space  may  be  considered  without  it.  Therefore  space,  in 
the  general  signification,  is  the  same  thing  with  distance 
considered  every  way,  whether  there  be  any  matter  in  it  ' 

Space  is  usually  divided  into  absolute  and  relative. 

Abiolute  Space  is  that  which  is  considered  in  its  own 
nature,  witho'lit  regard  to  any  thing  external,  which  al- 
ways remains  the  same,  and  is  infinite  and  immoveable. 

Relative  Space  is  that  moveable  dimension,  or  measure 
of  the  former,  which  our  senses  define  by  its  positions  to 
bodies  within  it;  and  this  is  the  vulgar  use  for  immoveable 
space.  Relative  space,  in  magnitude  and  figure,  is  always 
the  same  with  absolute :  but  it  is  not  necessary  it  should 
be  so  numerically.  Thus,  when  a  ship  is  perfectly  at  rest, 
then  the  places  of  all  things  within  her  are  the  same  both 
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«b«olutely  and  relatively,  and  nothing  changes  its  place :  the  rays  of  light  reflected  from  the  se?eral  poinb  of  thf. 
but,  or  the  contrary,  when  the  ship  i»  under  sail,  or  in  .surface  of  on  object,  received  in  by  the  pupil,  and  col- 
inatioii,  sbe'  continually  passes  through  new  parts  of  abso-  lecled  in  their  passage  through  the  crystalline,  &c.  Phi- 
lute  space ;  though  all  things  on  board,  considered  rek-  Jotophers  have  been  in  great  doubt,  whether  thespecies  of 
tivclyi  in  r«spcct  to  the  ship,  may  yet  be  in  the  same  objcctSi  which  give  the  soul  an  occasion  of  seeing,  are  an 
places,  or  bave  tbe  same  situation  and  position,  in  regard  effusion  of  the  substance  of  the  body ;  or  a  mere  iropres- 
10  one  another.'  sion  which  ihey  make  on  all  ambient. bodies,  and  which 
The  Cartesians,  who  make  ex  tension  tbe  essence  of  mat-  these  all  reflect)  when  in  a  proper  disposition  and  distance; 
ter,  auert,  (hat  the  space  any  body  takes  up,  is  the  same 


lastly,  whether  they  aie  not  some  other  mqre  subtila 
body,. as  light,  which  receives  all  these  impressions  from 
bodies,  and  is  continually  sent  and  returning  from  oae  to 
another,  with  the  different  impressions  and  figures  ithas 
taken.  Hut  the  moderns  have  decided  this  point  by  their 
ioveiiEion  of  artificial  eye>,  in  which  the  species  of  objects 
are  received  on  a  paper,  in  tbe  same  manner  as  they  are 
received  in  the  natiirat  eye. 

SPECIFIC,  in  Philosophy,  that  which  is  proper  and  pe- 
closs  of  beings  as  culiar  to  any  thing;  or  that  characterises  it,  and  distin- 
lo  .be  no  more  than  a  guisbes  it  from  every  other  ibing.  Thus,  the  attracting  of 
iron  is  specific  to  the  loadstone,  or  is  a  specific  property 
of  it.  A  just  definition  should  contain  tbe  specific  nJ- 
tion  of  tbe  thing,  defined,  or  that  which  specifies  and  dh- 
tinguishcs  it  from  every  thing  else. 

Specific  Graviiy,  in  Hydroatatjcs,  ia-the  relative  pro- 
portion of  the  weight  of  bodies  of  the  same  bulk.  See 
Speci/K  Gravity. 

Specific  Gravity  ef  living  mm.    Mr.  John  Robertson, 

late  librarian  to  the  Royal  Society,  in  order  to  determiiw 

the  specific  gravity  of  men,  prepared  a  cistern  78  inches 

whole  parabola.     The  con-     long,  30  inches  wide,  30  inches  deep  ;  and  having  pru- 

idal  space,  is  what  is  included     cured  10  ivn  for  his  purpose,  the  height  of  each  was  taken 


thing  with  tbe  body  itself;  and  that  there  is  no  such  thing 
in  tbe  universe  as  mere  space,  void  of  all  matter;  thus 
making  space  or  extension  a  substance.  See  this  disproved 
undcrVacuuK.  Among  those  too  who  admit  a  vacuum, 
and  consequently  an  e:,sejitial  difference  between  space  and 
matter,  there  aru  some  who  assert  that  space  is  a  sub- 
stance. Among  these  we  find  Giuvesande,  Introd.  ad 
Philos.seci.  19. 

Others  again  put  space  in  the 
time  and  number;  thus  making 

itoiion  uf  the  mind.  So  that  according  to  these  authors, 
absolute  spapc,  of  which  tbe  Newtonians  speak,  is  a  mere 
chimera,  iiee  the  writings  of  the  late  bishop  Berkeley. 
Space  and  time,  according  to  Dr.  Ctarke,  are  attributes  of 
the  Deity;  and  the  imppssibility  of  annihilating  these, 
even  in  idea,  is  the  same  with  that  of  the  necessary  e.xi^t- 
ence  of  the  Deity. 

Space,  in  Geometry,  denotes  the  area  of  any  figure; 
or  that  which  fills  the  interval  or  distance  between  the 
lines  that  terminate  or  bouad  it.    Thus,  the  paraholi 
space  is  that  included  in 
choidat  space,  or  the  ciss 
of  the 


!  tavity  of  the  conchoid  or  cissoii).     And  the  and  his  weight ;  and  afterwards  theyplunged  succeasively 

asymptotic  space,  is  what  ii  included  between  an  byper-  into  the  cistern.     A  ruler  or  scale,  graduated  to  ifiches 

hulic  curve  and  its  asymptote.     Dy  the  application  of  nl-  and  decimal  parts,  was  fixed  to  one  end  of  the  cistern,  ' 

glabra  to  geometry,  it  is  demonstrated  that  the  conchoidal  and  the  height  of  the  water  shown  by  it  was  noted  before 

oidal  spaces,  though  infinitely  extended  in  length,  each  man  went  in,  and  to  what  height  it  rose  when  he  ii    ' 


r^ 


_.  _  _,  jt  only  finite  magnitudes  or  spaces 

Space,  in  Mechanics,  is  the  line  a  moveable  body,  con> 
«idcred  as  a  point,  is  conceived  to  describe  by  its  motion, 

SPANDREL,  or  SpANDaiL,  with 
builders,  is  the  space  included  be- 
tween the  curve  of  an  arch  and  the 
straight  or  right  tines  which  inclose  it; 
as  the  space  a,  or  b, 

SPEAKING  TVumpcl.     See  Speoiiog Trumpet. 

SPECIES,  in  Algebra,  are  the  letters,  symbols,  marks, 
or  character!,  which  represent  the  quantities  in  any  opera- 
tion or  equation.  This  short  and  advantageous  way  of 
notation  was  chiefly  introduced  by  Vieta,  about  the  year 
1590;  and  by  means  of  which  he  made  many  discoveries 
in  algcbri,  and  the  theory  of  numbers.  The  reason  why 
VicCa  gave  this  name  of  species  to  tbe  letters  of  the  alpha- 
bet used  in  algebra,  and  hence  called  Arithmetica  Specio- 
sa,  seems  to  have  been  in  imitation  of  the  civilians,  who 
call  coses  in  law  Ibat  are  put  abstractedly,  between  John 
It  Nokes  and  Tum  a  Stiles,  between  a  and  b  ;  supposing 
Ihose  letters  to  stand  fur  any  persons  indefinitely.  Such 
cases  they  call  species  :  whence,  as  the  letters  of  tbe  al- 
phabet will  also  OS  wall  represent  quantities,  as  persons,' 
and  that  also  indefinitely,  one  quanilty  as  well  as  another, 
they  are  properly  enough  called  species  ;  that  is,  general 
symbols,  marks,  or  characters.  Whence  the  literal  alge- 
bra lias  since  been  often  called  Specious  Arithmetic,  or 
■  Alfiebra  in  Species. 

SpEcms,  in  Optica,  the  image  painted  on  the  retina  by 
Vol.- II.  -      ' 


raerscd  himself  under  its  surface.    The  fellawing  table  coit- 
■aias  the  several  results  of  his  eiperiments : 


No.  of 

Hdgl,.. 

VVtighi. 

Solidig. 

Wogb. 

^d^ 

Men. 

F..      In. 

Ibi. 

F«t. 

Iba. 

^Tuy 

1 

6     2 

■  Ifil 

IW 

2-573 

160-8 

1-001 

? 

S  10} 

147 

iqi 

2-58S 

Itil-tf 

0-901 

3 

5     9 

116 

1-85 

2-505 

156-6 

0-991 

4 

5     6 

140 

204 

2763 

179-6 

0-801 

5 

5     5 

158 

2-08 

2-817 

176-0 

0-900 

6 

158 

217 

2-9^9 

1837 

0849 

140 

2-01 

2-722 

170-1 

0-823 

121 

ITJt 

S-42-t 

151-5 

0-800 

5     3 

U6- 

)7a 

2-343 

14S-4 

0-997 

10 

5     3t 

132 

1-85 

2-505 

156-6 

0-8M 

Z'T 

5          &y 

146 

1-9^3 

2-018 

163  6 

0-891 

One  of  the  reasons,  Mr.  Robertson  says,  that  induced 
bira  to  make  these  experiments,  was  a  desire  of  knowing 
what  quantity  of  timber  would  be  stifiicienl  to  keep  a  man 
afloat  in  water,  thinking  that  most  men  were  speerfically 
heavier  than  river  or  common  fresh  water;  hut  the  con- 
trary appears  from  the  trials  above  recited;  for,  except 
the  first,  every  man  was  lighter  than  an  equal  bulk  of  frfsh 
water  and  much  more  sothanthat  ofsea~water._  So  ihat 
if  pereons  who  fall  into  water  bad  presence  of  mind 
enough  to  avoid  the  fright  usual  on  such  occasions,  they 
might  be  preserved  from  drowning ;  and  a  piece  of  wooil 
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not  Iftrger  than  Afl  oar,  would  buoy  a  mm  paitly  above  quantunkcnnqiM  ^rvam  poisunt  ndera  1h  suffideati  taa^ 
*ater  u  long  m  b«  bad  itrength  or  spirit!  to  keep  bis  hold.  Ditudine,  Hence,  and  from  other  paasi^es  in  hii  writingg, 
Phitos,  Trant.  toI.  »,  att.  3. — From  the  last  liue  of  the  much  to  the  same  pnTpoae,  MolyDeux,  Plott,  and  uthen, 
Ubie  a^ars  the  medium  of  all  'tbe  circumstances  of  bare  attributed  to  bim  the  invention  of  reading-glanes. 
heigbt,  weiglitt  He  ;  pwticujarly  tba  mean  ipecLfit  gra-  Dr.  Smith  indeed,  obserring  that  there  are  some  misraltei 
vity,  0*991,  which  is  about  ^  leu  than  common  water.  in  bis  reaaoning  on  this  subject,  has  disputed  his  clum. 

SPECTACLES,' aa  optictl  machitie,  oonsiating  af  two  See  Molyneux's  Dioptr.  pa.  35^.  Smith's  Optics,  Rem. 
lenses  Wt  in  a  frttoe,  aod  applied  on  the  noie,  to  antat  in  S6--S9.  Also  the  artiele  Biicon,  R.  in  this  dictionary. 
carfCctlngdefiKnortheorganofrigfal. — Old  pe<^le,  a&d  SPECULATIVE  Otometry,  Malkmatiet.  Mutic,  and 
all  pretbyta,  use  sfktctaclM  of  convex  ItnseB,  to  make  PhUon^.  See  the  Substamtitis. 
Amends  for  the  flatness  of  the  eye,  wliich  doe*  aot  make  .  SPECULUM,  or  Mirror,  in  Optics,  any  polished  body, 
the  layi  converge  efloUf^  to  have  them  meet  in  the  retina,  impervious  to  the  rays  of  light :  such  as  polished  metals, 
Shott-«iglited  pMple,  at  myofea,  use  concave  lenacs,  to  and  glasses  lined  with  quicksilver,  or  any  other  opaque 
prevent  the  rays  from  Cbnvetsing  so  fait,  on  account  of  matter,  popularly  called  Looking-glasses ;  or  evea  the 
tiiegnaterronDdDWsorthaaye,orimallnessafthespbefe,  sur&ce  of  mercury  or  of  water,  &c.  For  the  several 
which  is  such  m  to  make  them  meet  before  they  reach  tbe  kinds  and  forms  of  apecuU,  plane,  concave,  and  convex, 
retiba. — F.  Cherabln,  i  C^tichin,  describes  a  kind  of  with  their  theory  ami  phenomena,  see  MiaaoH.  And 
■pectacle  teltseopeii  for  vieiting  remote  objects  with  both  fiir  tbeir  laws  and  eflecEs,  see  Rkflectioh  and  Bukk- 
«yei ;  and  beit«e  tailed  binoculi.    Thoogh  F.  Rheita  had    i^o-Glan. 

Siohtioned  the  UMe  before  him,  in  his  Oculus  Enoch  et        As  for  the  specala  of  r^ecting  telesitopes,  it  may  here 
£ll».     See  BiRoCtK,     The  same  author  invented  a  kind     be  observed,  that  the  perfection  of  the  metal  of  which  ' 
of  ■peotsclea,  with  three  o^  four  glasses,  whif  h  performed     they  shoald  be  made,  consists  in  its  hardness,  whiteness, 
very  well.  and  compactness ;  for  upon  these  properties  the  reflective 

Th»  invebtloh  of  tpeciaclet  hat  been  much  disputed,  powers  and  durability  of  the  specula  depend.  There  are 
They  were  certainly  not  known  to  the  andents.  Fran-  various  compositions  recommended  for  these  specula,  in 
Cisco  Redi,  in'a  learned  treatise  on  spectacle*,  contends  Smith's  Optics,  book  3,  ch.  2,  sect.  787 ;  also  by  Mr. 
that  they  were  first  invented  between  the  year*  19S0and  Mudge  in  thePbilos.Trsns.vol.fi?;  and  In  various  other 
1911,pr»bablf  aboUtlSSO;  and  adds,  that  Alexander  de  places,  as  by  Mr.  Edwards,  in  the  Naut.  Aim.  for  17B7, 
l^inC*i>ioillt  ttf  the  orderofPtedicant*  of  St.  Catharine,  whose  metal  is  the  whitest  and  best  oF  any  that  1  hava 
at  PiM,  titat  conRianicattd  the  secret,  whieh  wa«  of  his  seen. — Fur  the  method  of  grinding,  see  Grikdisg. 
own  invetttlon,  on  learning  that  another  penoi  bad  it  as  Mr.  Heame's  method  of  cleaning  a  tarnished  specu- 
Wdt  U  himself.  The  author  tells  uf,  that  in  an  old  ma-  lum  was  this  :  get  a  little  of  the  strongest  soap  ley  from 
-ttttStsrlptsUll  pr«Kbrved  in  his  library,  composed  in  1299,  the  soap-makers,  and  having  laid  the  speculum  on  a  table 
AbCtatles  are  mentioned  as  a  thing  invented  about  that  with  its  face  upwards,  put  or  as  much  of  the  ley  at  it 
tune;  and  that  a  celebtnied  Jacobin,  one  Jourdon  de  Ri-  will  bold,  and  let  it  remain  about  an  hour:  then  rub  it 
vatto,  in  a  treatise  composed  in  1305,  says  expreitly,  that  sofUy  with  a  silk  or  muslin,  till  the  ley  is  all  gone ;  then 
it  WainolyeiSO years  since  the  invention  of  spectacles.  He  put  on  some  spirit  of  wine,  and  rub.it  dry  with  another 
likewise  quotes  Bernard  Gordon  in  his  Lilium  Medicine,  part  of  the  silk  or  muslin.  If  the  speculum  will  notper- 
Wrltten  the  ssme  year,  where  he  speaks  of  a  coUyrium,  form  well  after  this,  it  must  'be  new  polished.  A  few 
proper  to  enable  an  old  tnan  to  read  without  spectacles.  faint  spots  of  tarnish  may  be  rubbed  off  with  spirit  of 
MuUchenbroek  observes,  (Introd.  vol.2,  pa.  7B6)  that  wine  only,  without  the  ley.  Smith's  Optics,  Rem.  p.  107- 
it  is  iascHhed  on  the  tomb  of  Salvinus  Armatus,  a  noble-  SPHERE,  in  Geometry,  a  solid  body  contained  undet 
man  of  Florence  who  died  in  131 7,  that  he  was  the  in-  one  single  uniform  surface,  every  point  of  which  is  equally 
ventor  of  spectacles.  Du  Canf^fe,  however,  carries  tbe  in-  distant  from  a  certain  point  in  the  middle  called  its  cen- 
ventien  of  spectacles  further  back  ;  asaurtt^  us,  that  there  tre,  llie  sphere  may  be  supposed 
is  a  Greek  poem  in  manuscript  in  the  French  king's  libra-  to  be  generated  by  the  revolution 
k  ry,  Abich  tnows  that  spectacles  were  in  ute  in  the  year  of  a  seftticircle  abd  about  its  dia- 
lliO;boweverthedictionaryof  theAcademy  DellaCrui-  meter  ab,  which  is  also  called  the 
ca,  under  the  word  Occhiale,  inclines  to  Redi's  side ;  and  axis  of  the  sphere,  and  the  extreme 
•  quotes  a  passage  from  Jourdon's  sermons,  which  says  that  points  of  the  axis,  a  and  B,  the 
spettaclts  had  not  been  SO  yean  in  use ;  and  Salvati  has  poles  of  the  sphere ;  also  the  mid- 
observed  that  those  sermons  were  composed  between  the  die  of  the  axis  c  is  the  centre,  and 
y^rs  13S0  and  1336.  half  the  axis,  ac,  the  radius. 

It  is  probable  that  tbe  Urst  hint  of  the  construction  and  Propertiei  of  the  SmutiK,  ere  as  follow. — 1.  A  sphere 
use  of  spectacles,  was  derived  from  the  writings  either  of  ttay  be  considered  as  made  np  of  an  infinite  number  of 
Alhazen,  who  lived  in  the  l^th  century,  or  of  our  own  pyramids,  Whose  common  altitude  is  equal  to  the  radius 
countryman  Roger  Bacon,  who  was  born  in  1314,  and  of  the  sphere,  their  basa  fbntiing  the  surface  of  the 
died  in  1393,or  1294.  The  following  re rbarkable  passage  sphere.  Therefore  the  solid  Content  of  the  sphere  is 
occurs  in  Bacon's  Upus  Majus  by  Jebb,  pa.  353.  Si  vero  equal  to  that  of  a  pyramid  whose  altitude  is  the  radius, 
homo  aspiciat  literas  et  alias  res  minutas  per  medium  and  its  base  is  equal  to  the  surface  of  tbe  sphere,  that  is, 
crystalli,  vel  vitri,  vel  alteriua  perspicui  suppositi  Uteris,  the  solid  cenlent  is  equal  to  ^  of  tbe  product  of  its  m- 
et  sit  portio  minor  sphere,  cojus  convexitas  sit  veisua  dins  and  surface. 
-  oculum  et  oculus  sit  in  »ire,  longe  melius  videbil  litems,  3.  A  sphere  is  eqtnt]  to  f  of  its  cfrcumscribi^  cylin- 
et  apparcbunt  ei  majoreg. — Et  ideo  hoc  instrumentam  est  der,  -or  of  the  cylinder  of  the  same  height  and  diameter, 
utile  senihus  et  bnoentibus  oculos  debiles :  naih  literatn    and  therefore  equal  to  the  cube  of  tbe  diamm  mHlli- 
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plied  by  -5286,  or  |  of  '7854 ;  or  equfit  to  dooUe  a  cone 
of  the  same  bve  aad  hei^t.  Hence  also  differept  ipherep 
are  to  one  another  fS  the  cubes  of  tlieir  diameters.  And 
their  mrfaces  n  itie  gtjuares  of  the  same  diameteis. 

3.  The  surface  or  superficies  of  an;  sphere,  is  equnl  to 
4  times  the  area  of  its  great  circle,  or  of  a  circle  of  the 
Mine  diam^r  as  the  sphere.     Or, 

4.  The  lurbce  of  the  whole  sphere  is  4qual  to  the  ares 
of  a  ci[cle  whose  radius  is  equal  to  the  diameter  of  the 
sphere-'  And,  in  like  manner,  the  curve  surface  of  any 
segpent  £DF,  whether  greater  or  lets  than  a  hemisphere, 
is  equal  to  a  circle  whose  radius  is  the  chord  line  dk, 
4rawn  from  the  vertex  D  of  the  segment  to  the  circum- 
ference of  its  base,  or  the  chord  of  half  its  arc. 

5-  The  curve  surface  of  any  sqjment  or  zone  of  a 
sphere,  is  also  eqaal  to  the  curve  surface  of  a  cylinder  of 
the  same  height  with  that  portion,  and  of  the  same  dia- 
meter with  the  sphere.  Abo  the  surface  of  the  whole 
sphere,  or  of  a  hemisphere,  is  eqnal  to  the  curve  surface 
of  its  circumscribing  cylinder.  And  the  curve  surfaces 
of  their  corresponding  parts  are  equal,  that  are  contained 
between  any  two  planes  parallel  to  the  base.  And  conse- 
quently the  surface  of  any  segnwnt  or  zone  of  a  sphere, 
b  as  its  height  qr  altitude. 

Most  of  these  properties  are  contained  in  Arcbimedes's 
treatise  on  the  sphere  and  cylinder.  And  many  other 
rules  far  the  surfaces  and  solidities  of  spheres,  their  seg- 
ments, tone*,  frustums,  &c,  may  be  seen  in  my  Mensn- 
ration,  part  3,  sect.  1,  prob.  10,  &c.  Hence,  if  d  denote 
the  diameter  or  axis  of  a  sphere,  t  its  curve  surface,  c 
its^lid  content,  and  a  =  •765*  the  area  of  a  circle 
whose  diameter  is  I ;  then  we  shall,  from  the  foregoing 
pro'perdes,  have  these  following  general  values  or  equa- 
tions, vis,  ' 

t  =  *ad*  =   -^    =  6^foc*, 

DoctrpK  cf  the  Sfbbkk.     See  SrHERlcs. 

Pi-oftciicn  qfthe  Sphxke.-    See  PmoJiCTios. 

Sphere  qf  Actimty,  of  any  body,  is  that  determinate 
space  or  extent  all  around  it,  to  which,  and  no  &xther, 
the  effluvia  or  the  virtue  of  thet  body  reaches,  and  in 
which  it  operates  according  to  the  nature  of  the  body. 
See  Activity. 

SraBRZ,  in  Astronomy,  that  cpncave  orb  or  expanse 
which  invests  our^obe,  and  in  which  the  heavenly  bodies, 
the  sun,  moon,  stan,  planets,  and  comets,  appear  to  be 
£xcd  at  an  equal  distance  from  the  eye.  This  is  also 
called  the  sphere  of  (he  world ;  and  it  is  the  subject  of 
sphencat  astronomy. 

Tb'n  sphere,  as  it  includes  the  fixed  stara,  whence  it  is 
sometimes  cidled  the  sphere  of  the  fixed  stars,  is  immense- 
ly great.  -Se  much  so,  tbatthe  diameter  of  theefinh's  or- 
bit is  iocomparably  small  in  respect  of  it ;  and  .conse- 
quently the  centre  uf  the  sphere  is  not  sensibly  c^nged 
by  liny  alteration  of  .the  spectator's  place  in  the  several 
parts  of  the  orbit :  but  slill  in  alt  points  af  the  earth's 
surface,  and  at  all  times,  the  inhabitants  have  the  same 
appearance  of  the  sphere ;  that  is,  the  fixed  stars  seem  to 
possess  thesamepointsin  the  surface  of  the  sphere.  For, 
our  way  of  judging  of  the  placet  (tc  of  the  stai;s>  is  \a 
conceive  ri^t  lines  drawn  frota  the  eye,  or  from  the  con 


tre  of  the  earth,  tbrongh  tbe  centres  of  the  it^,  and 
thence  continued  till  they  cut  the  sphere;  and  the  points 
where  these  lin^  so  meet,  are  the  apparent  places  of 
those  stars.  The  bett&r  to  determine  the  places  of  the 
heavoily  bodies  in  the  sphere,  several  circles  ace  con- 
ceived to  be  drawn  in  the  sunE^  ei  it,'which  are  called 
circles  of  the  sphere. 

SFhebe,  in  Geography^  &c,  denotes  s  certain  disposi- 
tion of  the  circles  on  the  surface  of  ihe  earth,  with  regard 
to  one  another,' which  varies  in  the  different  parts  af  it. 
Tke  circles  originally  conceived  on  the  suc&ce  of  the 
sphere  of  the  world,  are  almost  all  transferred,  by  ana- 
logy, to  the  surface  of  the  earth,  where  they  are  conceiveil 
to  be  drawn  directly  underneath  those  of  tfae  qibere,  or 
in  the  same  positions  with  them  i  *»  that,  if  the  j^ana*  of 
those  of  the  earth  were  continued  to  the  sphere  of  the 
■tars,  tb^  would  coincide  with  the  respective  circles  OA 
it.^  Thus,  we  have  an  horiion,  meridian,  equator,  ^,  on 
the  earth.  And  as  the  equinoctial,  or  equator,  in  tha 
heavens,  divides  ttw  sphere,  ipio  two  eqn^  parts,  the  ovt 
north  and  the  other  south,  so  does  the  equator  on  the  sur> 
face  of  the  earth  divide  ita  globe  in  the  tame  manser. 
And  as  the  meridians  in  the  heavens  pass  through  the 
poles  of  ihe  equinoctial,  so  do  thoee  on  the  wrth,  &Ct 
With  r^aid  then  to  the  position  of  so«e  pf  these  circlw 
in  respect  of  otben,  we  nave  a  rigbt>  afi  obliqne,  and  % 
parallel  sphere. 

A  Right  or  Direct  Sprers,  (Sg.  4,  plate  S^,  is  tb«( 
which  has  the  poles  of  the  world  pa  in  its  faoiuqn,  and 
the  eijuator  kq  in  the  senith  and  nadir.  The  inluibitaiiti 
of  this  sphere  live  exactly  at  the  equator  of  the  urth,  or 
under  the  line.  They  have  therefore  n*  latitude,  nor  M 
elevation  of  the  pole.  Tbtty  can  see  both  poles  of  the 
world  ;  all  the  stars  rise^  culminate,  and  set  to  thetn ;  and 
the  sun  always  rises  at  right  ai^es  to  their  horiaon,  oak* 
ing  their  days  and  nights  of  equal  length  ataU  tinet«f 
the  year,  because  the  horiion  Insects  the  cirde  «r  tfae 
diurnal  revolution. 

An  OUi?MSPHEEB,(%-d;,^ate  33},is  that  in  wbidi 
Ibe  equator  to,  as  also  the  axis  rs,  cuts  the  horiaes  no 
obliquely'.  In  th^s  sphere,  one  pole  p  is  above  tlw  hori* 
son,  and  tho  other  below  it;  and  tbetefcffe  the  iakabi* 
tants  of  it  see  always  the  former  pole,  but  nwrer  tha  lat- 
ter; the  sun  and  stars  dec  all  rise  and  mt  obliquely ;  aaid 
the  days  and  nights  are  always  varying,  bcytTJBg  altar* 
nafely  loi^r  and  fhorter.  • 

A  Pbra/'elSraxRK, (fig.fi,  plate32),istbat  wbi«h  ha* 
tbe  equator  in  or  parallel  to  the  botiaon,  as  well  as  all  tb» 
sun's  parallels  of  dcdinatioa.  HeMV,  tbe  poles  are  ia 
tbe  sejiith  and  nadir;  tbe  sun  and  staranave always  qaita 
around  parallel  tu  the  horioon,  tha  iokabitants,  if  aqy* 
being  just  at  the  two  poln,  baviog  6  noaths  continual 
day,  and  fi  months  night,  in  each  year;  and  tbe  peatcst 
belght  to  which  the  sun  Fi»eq  to  them,  is  23°  28',  or  equal 
to  his  greatest  declination. 

ArmUlary  or  ./irtifidal  StBXti^  is  an  astronomical  in* 
strunent,-repreeenting  tbe  several  circles  of  the  sphere  in 
their  natural  order ;  serving  to  give  a^  idea  of  tbe  offica 
and  positiiAi  of  each  of  them,  and  to  resolve  various  pro* 
blems  relating  to  astronomy.  It  is  thus  called,  oa  con- 
sisting of  a  number  of  ria^^  of  brass,  or  other  matter, 
called  by  the  Latins  armiUti,  from  tbeir  resembling 
braceleU  or  rings  for  the  arm.  By  thi^  it  is  distinguisb' 
ed  from  tbe  globe,  which,  though  it  has  all  tbe  circles 
of  tbe  vbete  on  its  surbce,  yet  is  not  cut  into  amillsa 
3H» 


yVjOOgle 


S  P  H 


[    480    ] 


S  PH 


or  ringi,  to  represent  the  circles  limply  and  alone ;  but 
exhibits  alto  Uie  intermediate  spacei  between  the  circles. 
Arroiltnry  spberea  are  of  different  kinds,  with  regard 
to  the  position  of  the  earth  in  them  ;  whence  they  be- 
come distinguisbedintoPtolemaic  and  Copemicantpbcres: 
in  the  fint  of  which,  the  earth  is  in  the  centre,  aiid  in  the 
lalter  near  the  circumference,  according  to  the  position 
which  that  planet  obtains  in  those  systems. 
'  The  Ptaianaic  Spueke,  is  that  commonlj  in  use,  and 
is  represented  in  fig.  6,  plato  3,  vol.  1,  with  the  names  of 
the  several  circles,  lines,  &c  of  the  sphere  inscribed  upon 
it.  In  the  middle,  on  the  axis  of  the  sphere,  is  a  ball  t, 
representing  the  earth,  on  the  surface  of  which  are  the 
tircles  &c  of  the  earth.  The  sphere  is  made  lo  revolve 
about  the  said  axis,  which  remaips  at  rest;  by  which 
means  the  sun's  diumal  and  annual  courses  about  the 
earth  are  represented  accorditig  to  the  Ptoletn&ic  hypo- 
tbcsis :  and  even  by  means  of  this,  all  problems  relating 
to  the  phenomena  of  the  sun  and  earth  are  resolved,  as 
Upon  ihp  celestial  globe,  and  alter  the  tame  manner ; 
which  see  described  under  Ot.obk. 

C^pera)c«iSpiiEaE,Gg.7,plHtc33,  is  very  different  ^m 
the  Ptolemaic,  both  in  its  constitution  and  use;  and  is 
more  intricate  in  both.  Indeed  the  instrument  is  in  the 
hands  of  so  few  people,  and  its  nsc  so  inconsidershle, 
«(cept  what  we  have  in  the  other  more  common  insfrU' 
menis,  particularly  the  globe  and  the  Ptolemaic  sphere, 
that  any  further  account  of  it  is  unnecessary. 

Dr.  Long  had  an  armillary  sphere  of  glass,  of  a  very 
large  siie,  which  is  described  and  represented  in  his  as- 
tronomy. And  Mr.Ferguson  constructed  a  similar  one 
of  brass,  which  is  exhibited  in  his  Lectures,  p.  194  &c. 
SPHERICAL,  something  relating  to  the  sphere. 
Sphebical  Angle,  is  the  angle  formed  on  the  surface 
of  a  sphere  or  globe  by  the  circumferences  of  two  great 
circles.  This  angle,  formed  by  the 
circumferences,  is  eijusl  to  that 
foTmed_by  the  planes  of  the  same 
circles,  or  equal  to  the  inclination 
of  those  two  planes;  or  equal  to 
the  angle  made  by  their  tangents  at 
the  angular  point.  Thus,  the  in- 
clination of  the  two  planes  cAr, 
CEF,  forms  the  spherical  angle  ace,  equal  to  the  tangen- 
tial angle  PCQ. ' 

The  measure  of  a  spherical  angle,  ace,  is  an  arc  of  a 
great  circle  ab,  described  from  the  vertex  c,  as  from  a 
pole,  and  intercepted  between  the  1^  ca  and  ce.  Hence, 
tst.  Since  the  inclination  of  the  plane  cef  to  the  plane 
CAV,  is  every  M-bere  the  same,  the  angles  in  the  opposite 
intersections,  c  end  r,  are  equal. — Sd,  Hence  the  mea- 
sure of  a  spherical  angle  acz,  is  an  arc  described  at  the 
interval  of  a  quadrant  ca  or  ce,  from  the  vertex  c  be- 
tween the  legs  CA,  CE.— 3d,  If  a  circle  of  the  sphere 
cefo  cut  another  aebo,  the  adjacent  angles  arc  and  bec 
are  together  equal  to  two  right  angles;  and  the  vertical 
Angles  ARC,  be;  are  equal  to  one  another.  Also  all  the 
angles  formed  at  the  same  point,  on  the  same  side  of  a 
circle,  are  equal  to  2  right  angles,  and  al^  those  quite 
around  any  point  equal  to  4  right  angles. 

Spitekical  Trimgfe,  is  a  triangle  formed  on  the  sur- 
face of  a  sphere,  by  the  intersecting  arcs  of  three  great 
circles;  as  the  triangle  acb. 

!^pberical  triangles  are  either  right-angled,  oblique, 
equilateral,  isosceles,  or  scalene,  in  the  same  maiiber  as 


plane  triangles.  They  are  also  hsid  lo  be  qundrantaT, 
when  they  have  one  side  a  quadrant.  Two  sides  or  iwi> 
angles  are  said  to  be  of  the  same  affection,  when  they  aie 
at  the  same  time  either  both  greSIer,  or  both  less  than  i> 
quadrant  or  a  right  angle  or  "lO"  ;  and  of  different  affec- 
tions, when  one  is  greater  and  the  other  less  than  CO  ' 
degrees. 

iVo;wn/Mqf  Spherical  THangfea. — I.  Spherical  tri- 
angles have  many  properties  in  common  with  plane  ones: 
such  as,  That,  in  a  triangle,  equal  sides  subti'nd  equal 
angles,  and  equal  angles  arc  subtended  by  equal  sides  : 
That  Ihe  greater  angles  are  subtended  by  the  greater  jide^, 
and  the  less  angles  by  the  less  sides. 

3.  Ill  every  spherical  triangle,  each  side  is  less  than  a~ 
semicircle:  any  two  sides  taken  together  are  greater  thau 
the  third  side  :  and  alt  the  three  sides  taken  together  aie 
less  than  the  whole  circumference  of  a  circle. 

3.  In  every  spherical  triangle,  any  angle  is  less  than  2 
right  angles;  and  the  snra  of  all  the  three  angles  taken  lu- 
gcthcr,  is  greater  than  2,  but  less  than  6,  right  angles. 
.  4.  In  an  oblique  ^phprical  triangle,  if  the  angles  at 
the  base  be  of  the  same  affection,  the  perpendicular  from 
the  other  angle  falls  within  the  triangle;  but  if  they  be  • 
of  didcrcnt  affections,  the  perpendicular  &1U  without  thi) 
triangle. 

Dr.  Maskelyne's  remarks  on  llic  properties  of  spherical 
triangles,  are  as  follow ;  (Sec  the  Introd.  to  my  Logs.  pa. 
171,  5th  edition.) 

5.  "  A  spherical  triangle  is  equilateral,  isoscelar,  or 
scalene,  according  as  it  hns  its  three  angles  all  equal,  or 
two  of  them  equal,  or  nil  three  uneqiiiil ;  and  vice  versa. 

6.  The  greatest  side  is  always  oppositctlie  greatest  angle, 
and  the  smallest  side  opposite  the  smallest  angle. 

7.  The  sum  of  any  two  sides  is  greater,  and  their  dif- 
ference less,  than  the  third  side. 

S.  If  the  three  angle  are  all  acute,  or  all  right,  or 
all  obtuse;  the  three  sides  will  be,  accordingly,  all  less 
than  90",  or  equal   lo  90°,  or  greater  than  90°;  and 

9.  If  from  the  three  anglps  a,  b,  c,  of  a  triangle  abc, 
as  poles,  there  be  described,  on  the  surface  of  the  sphere, 
three  arches  of  a  great  circle  he,  dp,  je,  forming  by 
their  intersections  a  new  spherical  triangle  eef;  each 
side  of  the  new.  triangle  will  be  the  supplement  of  the 
angle  at  its  p6lc ;  and  each  angle  of  the  same  triangle,  will 
be  the  supplement  of  ihp  side  opposite  to  it  in  the  tri- 
angle ABC. 


10.  In  any  triangle  oni,  orcAl,  right angtcd  at  g,  lit, 
The  angles  at  the  hypothenuse  are  always  of  the  same  kind 
as  their  opposite  sides ;  2dly,  The  hypothenuse  is  less  or 
greater  thvi  a  quadrant,  according  as  the  sides  including 
the  right  angle,  are  of  the  same  or  different  binds ;  that 
is  to  say,  according  as  these  same  sides  are  cither  both 
acute,  or  both  obtuse,  or  as  one  is  acute  ami  the  other 
obtuse.  And,  vice  versa,  1st,  The  sides  including  the 
right  angle,  are  nlways  of  the  same  kind  as  their  opposite 
angles;  2dly,  The  sides  including  the  right  angle  will  be 
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i)f  the  same  or  dilTi.-rcnt  kiniis, 
1U18C  is  less  or  greater  than  $0° 
will  be  of  90°,  if  tlic  hypothcnuse  is  so." 

0/the  Area  of  a  Spiiericai.  Triangle.  Tlie  mensura'- 
lion  of  sphcricBf  triangles  ami  polygons  was  fint  fuunil 
out  by  Albert  Girard,  about  the  year  16OO,  and  ti  given 
at  large  in  his  Invention  Nuuvellc  en  I'Algebrc,  pM.  50, 
&C1  4lD,  Amsl.  \$19.  In  any  spherical  Iriangle,  ibc 
area  or  surface  inclosed  by  its  tbroc  sidrs  upoti  ibe  sur- 
face of  the  globe,  will  be  found  by  this  proportion  : 

As  S  right  angles  or  720°, 

Is  to  th«  wbole  surface  of  lb?  sphere ; 

Or,  as  2  right  angles  or  180°, 

To  one  great  circle  of  the  sphere  j 

So  is  the  excess  of  the  3  angles  above  2  right  angles. 

To  the  area  of  the  spherical  triangle. 

Hence,  if  a  denote '7854, 

d  =  diam.  of  the  globe,  and 
<  £=  sum  of  the  3  angles  of  (he  triangle ; 
then  add  x  -^ s  area  of  the  spherical  triangle. 

Hcncoalso,  if  r  denote  the  radius  of  the  sphere,  and  c 
its  circumference;  then  ibc  area  of  the  triangle  will  be 
thus  variously  expressed  I  viz,  ares  = 

,1  J  —   no    _         ,  J  —  ISO  «  -   ISO. 

or  barely  z=  r  *  («— 180"),  in  square  degree*^ 
when  the  radius  r  is  estimated  in  degrees;  for  then  the 
circumference  c  is  ::=  360". 

Further,  because  the  radius  r,  of  any  circle,  when  es- 
timated in  degrees,  is,  =  ^;^^-'^-  -  =  57-2957795, 
thelast  ruler  «  (t-lS0),for  the  area  ^oftbesphericat 
triaugle,  in  square  degrees,  will  be  barely 

A  =  i7-2fW7795s~  10313-24,  or  * 

A  =  57i>5V  -  10313}  very  nearly. 
Hence  may  be  found  the  sums  of  the  three  angles  in 
any  spherical  triangle,  having  its  area  A  known ;  for  the 
lost  equation^ives  the  sum 

.  =  ^  *  180  =  j^^  *  ISO  =  '^  -  180. 

So  that,  for  a  triangle  on  the  surface  of  the  eBTt|i,  whose 
three  sidus  are  knownj  if  it  be  but  small,  as  of  a  few 
miles  extent,  its  area  may  be  found  from  the  known 
lengths  of  its  sides,  considering  it  as  a  plane  triangle,  which 
gites  the  value  of  the  quantity  A  ;  and  then  the  last  rule 
above  willgiyc  the  value  of  *,  the  sum  of  the  three  angles; 
which  will  serve  to  prove  whether  those  angles  arc  nearly 
exact,  that  have  been  taken  with  a  very  nice  instrument, 
as  in  large  and  extensive  measurements  on  the  surface  of 
the  earth.     Hence  a  ■—  57*29  &c  is  the  spherical  excess. 

Reioluiion of  5r a z^ic Ah  Triangla,  SeeTaiASOLE, 
and  TaiGosoMETRT. 

Spuehical  Polyson,  is  a  (igure  of  more  than  three 
Mdes,  formed  on  the  Surface  of  a  globe  by  the  intersecting 
arcs  of  great  circles. 

The  area  of  any  spherical  polygon  will  bo  found  by  the 
fullowing  proportion  ;  via. 

As  8  right  angles  or  720°, 

To  the  whole  surface  of  the  sphere ; 

Or,  as  2  right  angles  or  180°, 

To  a  great  circle  of  t"he  sphere ; 

So  is  the  excess  of  all  the  angles  above  the  product  of 
ISO  and  Z  lom  than  the  number  of  angles. 

To  the  arcs  of  the  spherical  polygon. 


That  is,  ptitting  n  =:  the  number  of  angles, 
(  =  sum  of  all  the  angles, 
d  =  diam.  of  the  sphere, 
■78539  &c ; 


'-f"- 


=  the  area  of  the  sphe- 


Then  a  = 

rical  polygon. — Hence  other  rules  might  be  found,  similar 
to  those  for  the  area  of  the  spherical  triangle.  Hence 
aiko,  the  sum  t  of  all  the  angles  of  any  spherical  polygon, 
is  always  less  than  180n,  but  greater  than  180(ii  —  2), 
that  is  less  than  »  limes  i  right  angles,  but  greater  than 
n  —  S  times  2  right  angles. 

Spherical  AarortOTn^,  that  part  of  astronomy  whiclt 
considers  the  universe  such  as  it  appears  10  the  eye.  Sec 
ASTROHOMY.  Under  spherical  astronomy  are  included 
all  the  phenomena  and  appearances  Of  the  heavens  and 
heavenly  bodies,  such  as  we  perceive  them,  without  any 
inquiry  into  the  reason,  the  theory,  or  truth  of  them. 
By  which  it  is  distinguished  from  theorical  astronomy, 
which  considers  the  real  structure  of  the  universe,  and 
the  causes  of  those  phenomena.  In  spherical  astronomy, 
the  world  is  conceived  to  be  a  concave  spherical  surface, 
in  whose  centre  is  the  earth,  or  rather  the  eye,  about 
which  the  visible  frame  Mvolves,  with  stars  and  planets 
fixed  in  its  circumference.  And  on  this  supposition  all 
the  other  phenomena  are  determined.  TTieorical  astro- 
nomy teaches  us,  from  the  laws  of  optics,  &c,  [o  correct 
this  scheme  and  reduce  the  whole  to  a  juster  system. 

Spuekical  Compaaei,     See  Coupasses. 

Spheuicai.  Exceu.     See  Excess. 
-    Spherical  Geomelry,  the  doctrine  of  the  sphere; 
particularly  of  the  circles  described  on  its  surface,  with 
the  method  of  projecting  (he  same  on  a  plane ;  and  mea- 
suring their  arches  and  angles  when  projected. 

Spherical  NumbtrM.     See  Circular  Ntmbert. 

Spherical  Trigonometry.     Soe  Trigonometry. 

SPHERICITY,  the  quality  of  a  sphere;  or  that  by 
which  a  thing  becomes  spherical  or  round. 

SPHERICS,  the  doctrine  of  the  sphere,  particularly 
of  the  several  circles  described  on  its  surface ;  with  the 
method  of  projecting  the  same  on  a  plane.  Sea  Projec- 
tion qf  (he  Sphere. 

A  circle  of  the  tphere  is  that  which  is  made  by  a  piano 
cutting  it.  If  the  plane  pass  through  the  centre,  it  is  a 
great  circle  :  if  not,  it  is  a  small  circle.  The  pole  of  a 
circle,  is  a  point  on  the  surface  of  the  sphere  equidistant 
from  every  point  of  the  circumference  of  the  circle. 
Hence  every  circle  has  two  poles,  which  are  diametrically 
opposite  to  each  other ;  and  all  circles  that  are  paiallel 
to  each  other  have  the  same  poles. 

Prt^tertiet  (if  the  Circles  of  the  Sphere. — 1,  If  a  sphere 
be  cut  in  any  manner  bya  plane,  the  section  will  be  a 
circle  ;  and  a  great  circle  when  the  section  passes  through 
the  centre,  otherwise  it  is  a  small  circle.  Hence,  all  great 
circles  arc  equal  to  each  other :  and  the  line  of  section  of 
two  great  circles  of  the  sphere,  is  a  diameter  of  the  sphere : 
therefore  two  great  circles  intersect  each  other  in  points 
diametrically  opposite  ;  and  make  equal  angles  at  those 
points ;  and  divide  each  other  into  two  equal  parts  ;  also 
any  great  circle  divides  the  whole  sphere  into  two  equal 
parts. 

3.  If  a  great  circle  be  perpendicular  to  any  other  cirde, 
it  passes  through  its  poles.  And  if  a  great  circle  pass 
through  the'  pole  of  any  other  circle,  it  cuts  it  at  right 
angles,  aud  into  tvto  equal  parts.  * 


,  Google 


arnL  [  « 

3.  The  distance  betwMn  (he  poles  of  Un  circlet,  it 
equal  to  the  angle  of  their  taclinacioD.  ' 

4.  Two  great  circles  pMsing  through  the  poles  of  aiio- 
fher  great  circle,  cut  »11  the  parallaU  to  this  latter  into 
similar  arcs.  Hence,  an  anglp  made  by  two  great  circles 
of  the  sphere,  is  equal  to  the  angle  of  inclination  of  the 
planes  of  theee  great  circles.  And  benoe  alto  the  lengths 
uf  those  parallels  are  to  one  another  as  the  sines  of  their 
distances  froni  their  common  pole,  or  as  the  cosines  of 
their  distances  from  their  jxiralkl  great  circle.  Conse- 
quently, as  radius  is  to  the  cosine  of  the  latitude  of  any 
point  on  the  globe,  so  is  the  length  of  a  degree  at  the 
equator,  to  the  length  of  a  degree  in  that  latitude. 

5.  If  a  great  circle  pass  through  the  poles  of  another; 
Ihis  latter  also  passes  through  the  polcsi^  the  former;  and 
the  two  circles  cut  encb  other  perpcnilicularly. 

6.  If  two  or  more  great  circlet  intersect  i»di  other  in 
the  poles  of  another  great  circle;  this  latter  will  pass 
throiigb  the  poles  of  all  the  former. 

7-  All  circles  of  the  sphere  that  arc  equally  distant 
from  the  centre,  are  equal ;  and  the  further  they  are  di- 
stant from  the  centre,  the  less  they  are. 

8.  The  shortest  distance  on  the  surface  of  a  sphere,  be- 
tween any  two  points  on  that  surface,  is  the  arc  of  a  great 
circle  passing  through  those  points.  And  the  smaller  the 
circle  is  that  ^passes  through  the  same  points,  the  longer  it 
the  arc  of  distance  between  them.  Heace  the  proper  dma- 
■ure,  or  distance,  of  two  placet  on  the  surface  uf  tbc  globe, 
is  an  arc  of  a  great  circle  intercepted  between  the  same. 
See  Theodoiius  and  other  writers  on  spherics. 

SPHEROID,  a  solid  body  approachiag  to  the  figure  of 
a  sphere,  though  not  exactly  round,  but  having  one  of  its 
diameters  loqgcr  than  the  other.  This  solid  is  usually 
considered  as  generated  by  tbc  rotation  of  an  oval  plane 
figure  about  ana  of  its  axis.  If  that  be  the  longer  or  trans- 
verse axis,  the  solid  so  generated  is  called  an  oblong  sphe- 
roid, and  tonetimes  prolate,  which  resembles  an  egg,  or 
a  lemon ;  but  if  the  oval  revulve  about  its  shorter  axis, 
the  solid  will  be  an  oblate  spheroiti,  which  resembles  an 
orar^,  which  is  the  figure  of  the  conh,  and  the  other  pla- 


The  axis  about  which  the  oval  revolves,  is  called  the 
fixed  axis.as  ab  ;  and  the  other  cd  is  the  revolving  axis: 
svhichever  of  them  happens  to  be  the  longer. 

When  the  revolving  oval. is  a  perfect  ellipse,  the  solid 
generated  -by  the  revolution  is  properly  called  an  ellipsoid, 
as  distinguished  from  the  spheroid,  which  ia  generated 
from  the  revolution  of  any  oval  whatever,  whether  it  be  an 
ellipse  or  net.  But  generally  speaking,  in  the  common 
acceptation  of  the  word,  the  term  spheroid  is  used  for  an 
ellipsoid ;  and  /hercfbre,  in  what  follows,  they  are  con- 
sidered as  one  and  the  same  thiiig. 

Any  section  of  a  spheroid,  by  a  [ilane,  is  an  ellipse  (cx- 
c^t  the  sections  perpendicular  to  the  fixed  axe,  which 
•re  circlet) ;  andall  parallel  sections    are  aimilar  ellipses. 
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or  have  their  tnmverse  and  ponjugate  azet  in  the  iMie 
constant  ratio ;  and  the  sections  parallel  to  the  fixed  axe 
are  similar  to  the  ellipse  from  which  the  solid  was  gene- 
rated.     See  luy  Tract),  vol.  2,^.  134. 

For  iht  Staface  qfa  Spheroid,  whether  it  be  oblong  or 
oblate.  Let  /  denote  the  fixed  axe,  r  the  revolving  axe ; 
and  a  3:  79S*,  and  j  =  — ^-!^;  then  will  thesur&ce* 
be  expressed  by  the  following  series,  using  the  upper  signs 
for  the  oblong  spheroid,  and  the  under'signi  for  the  oblate 
one;  viz, 

*  =  *arf^  (IT  -^  -  ^^  T  —yf  &c)  ; 
where  the  signs  of  the  terms,  after  the  first,  are  all  nega- 
tive for  the  oblong  spheroid,  but  alternatelj  positive  and 
neg4tive  far  the  oblate  one.  Hence,  because  the  factor 
4a^is  equal  to  4  times  the  area  of  the  generating  ellipse, 
it  appears  that  the  surface  of  the  oblong  sphcioid  is  less 
than  4  times  tbc  generating  ellipse,  but  the  surface  of  the 
oblate  spheroid  is  greater  then  4  times  the  same  :  while 
the  surface  of  ihe  sphere  £sJls  in  between  the  two,  beiug 
just  equal  to  4  times  its  generating  circle- 

Huygcns,  in  his  Horoiog.  Oscillat.  prop.  9,  has  givea 
two  elegant  constructions  for  di;bC[ibing  a  circle  equal  to 
the  superficies  of  an  oblong  and  an  oblate  spheroid,  which 
he  says  he  discovered  to\vards  the  latter  end  of  the  year 
l6S7-  As  he  gave  no  demon  strati  on  s  of  these,  I  have  de- 
monstrated ihem,  and  also  rendered  them  more  general, 
by  extending  and  adapting  them  to  the  surface  of  any  seg- 
ment or  zone  of  the  spheroid.  See  my  Mensuration, 
pa.  Q26  Sec,  4ih  cd.  where  also  are  several  other  rules  and 
constructions  for  the  surfaces  uf  spheroids,  betides  thoteof 
their  segments,  and  frustums. 

Of  (Ae  Solidity  qf  a  ^eraid.  Every  spheroid ,  whether 
obloRgor  oblate,  is,  like  the  sphere, exactlyequai  to  two- 
thirds  of  its  circumscribing  cylinder.  So  (bat,  if/denote 
the  fixed  axe,  r  the  revolving  axe,  and  a  ^  '7854;  then 
J<t/f^  denotes  the  solid  content  of  either  spheroid.  Or, 
which  comes  to  the  same  thing,  jf  t  denote  the  transversa 
and  c  the  conjugate  axe  of  the  generating  ellipse ; 

then  ^vc^t  is  the  content  of  the  ohtong  spheroid, 

and  ^ac^  is  the  content  of  the  oblate  spheroid. 
Consequently,  the  ratio  of  the  former  solid  to  the  latter,  is 
as  c  to  f ,  or  ai  the  less  axis  to  the  greater. 

Furiher,if  about  the  two  axe!<  of  an  ellipse,  there  be  ge- 
nerated two  spheres  and  two  spheroids,  the  four  solids  will 
be  continued  proportionals,  and  the  common  ratio  will  be 
that  of  the  two  axes  of  the  ellipse;  that  is,  at  the  greater 
sphere,  or  the  sphere  upon  the  greater  axe,  is  to  the  oblate 
spheroid,  so  is  the  oblate  spheroid  to  the  oblong  spheroid, 
and  so  is  the  oblong  spheroid  to  the  less  sphere,  and  so  is 
Ihe  transverse  axis  to  the  conjugate.  See  my  Mensura- 
tion, pa.  348  6ic,  4th  ed.  where  may  be  seen  many  other 
rules  for  the  solid  contents  of  spheroids,  and  their  vi- 
rtous  parts.  See  also  Archimedes  »n  spheroids  and  co- 
noids. 

Dr.  Hatley  has  demonstrated,  that  in  a  sphere,  Merca- 
tor's  nautical  meridian  line  is  a  scale  of  logarithmic  tan- 
gents of  the  half  complements  of  ihe  latitudes.  But  as  it 
has  been  found  that  the  shape  of  the  earth  is  spheroidal, 
this  figure  will  make  some  alteration  in  the  numbers  re- 
sulting from  Dr.  Halley's  theorem.  Mactaurin  bas  ther^ 
fore  given  a  rule,  by  which  the  meridional  parts  to  any 
spheroid  may  be  found  with  the  same  exactness  as  in  a 
sphere.    There  is  also  an  ingenious  tract  by  Mr.  Murdoch 
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«t  tbe  Hme  nA^eet.  Sm  Pbibs.  Tranf ,  No.  St^  Mr. 
Cc)te«  has  also  demonsUsted  ihe  same  propotitioB,  Hftrra> 
Mens.  pa.20,  31.     9ee  MBxiDioKAL/fcnt. 

Univenat  Sphbboid,  a  name  givm  to  lb«  aDlid  gene- 
nUd  by  the  rotation  of  an  ellipie  abovt  tome  otfaar  di*- 
metor,  which  i*  neither  the  tranavene  nor  cnojtigttta  axi*. 
This  pfodacM  ft  ifite  rtKinbliiig  &  heart.  8«e  my  Me»- 
Miration,  pa.  266,  4th  ed. 

SPINDLE,  inGcometry,  »  »Uii  body  generated  by  the 
nvolationorsiMMe  curve  line  about  its  baae  or  double  or- 
nate ab;  in  oppontion  to  a  c»< 
noid,  which  is  genented  by  tlMr»- 
tation  of  tbe  cum  about  its  luit 
or  abucitt,  perpendicular  to  it»  ordkiate.  TIk  spiiidlf  is 
deaomiDated  cir^^alar,  elliptic,  hyperbolic,  or  parabolic, 
Ice,  according  to  the  figure  of  iti  generating  curve.  See 
my  Meninr.  in  several  places. 

Spihole,  io  Mechanics,  toBKtinies  denotes  the  axis  of 
a  wheel,  or  roller,  &c ;  and  its  eDda  are  the  pivots. 

See  also  Doaktt  CoFS- 

SPIRAL,  in  Geometo',  a  carTe  line  of  the  circular 
kiikd,  which,  id  it*  progress,  recedes  always  mere  and 
more  from  a  point  within,  called  its  centre  ;  or  banning 
its  motion  at  a  distance  from  the  centre ;  it  approaches 
Rearer  and  nearer  to  that  point.  A  spiral  may  be  sup- 
posed tp  be  thus  generated. 

Divide  the  circumference  of  a  circle  hpf  &c  into  any 
number  vf  equal  parts,  by  a  continaal  bisection  at  the 
points pp&c.  Divide  also  the  radius  AC  intoihesamenum- 
ber  of  equal  parts,  and  make  cm,  cm,  cm,  &c,  equal  to  1, 
3)  3,  ttc  of  tbeae  equal  parts;  then  a  line  drawn,  with  a 
steady  hand,  through  all  the  points  m,  m,m,  &c,  will  trace 
out  the  spiral.  This  is  more  particularly  called  the  first 
spiral,  when  it  has  made  one  complete  revolution  to  the 
point  A  ;  and  tbe  space  included  between  the  spiral  and 
tbe  radius  ca,  is  tbe  spiral  space.  The  first  spiral  may  be 
continued  to  a  second,  by  describing  another  circle  with 
double  tbe  radius  of  the  first ;  and  the  second  may  be 
continued  to  a  third,  by  a  third  circle;  aad  so  on. 
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Heitcc  it  ibilows,  that  tbe  parts  of  the  circamfereuce 
A^,  areas  (he  parts  of  tbe  radii  cm;  or  a;>  is  to  tbe  whole 
circumference,  as  cm  is  to  the  whole  radius.  Coi^e<)uent- 
ly,  if  c  denote  the  circumference,  r  the  radius,  i  3=  cm, 
udji  =  Aj>;  then  there  arises  tbisproportJoni'ic:  -.x-.y, 
which  gives  ry  =  ex  for  the  eifKation  of  this  spiral ;  and 
which  therefore  it  has  in  common  with  the  qaadratrix  of 
Dinostratei,  and  that  of  Tschirnhausen  :  so  that  r^  = 
c*^  will  serve  for  infiiute  spirals  and  quadratrices. 

The  tiist  treatise  on  the  spira^was  by  Archimedes,  who 
thus  gives  the  description  of  it,  by  a  continued  uniform 
motion.  Ifa  right  line,  as  ab  {laitfig.  nbooe)  having  one 
end  moveable  about  a  fixed  point  at  s,  be  uuiformly  turned 
round,  so  as  the  other  end  a  may  describe ^he  circumfer- 
ence  of  a  circle ;  and  at  the  same  lime  •  point  be  con- 


ceive<i  to  tmne  miformly  farward  fron  » towarck  a,  inl 
tba  right  line  or  radios  ab,  so  that  tbe  point  may  desoribe   * 
that  line,  while  the  line  generates  tbe  circle  ;  then  will  the 
point,  with  the  double  motion,  descrihc  the  curve  a,  ),  2, 
3,  4i,  5,  &c,  of  tbe  Bfime  spiral  as  befose. 

Again,  if  the  points  be  conceived  to  move  only  half  a» 
fastas  the  line  A  a  revolves,  so  that  it  shall  get  but  halfway 
along  BA,  when  thatlineshall  have  formed  the  drcle;  and 
if  then  you  imagine  a  new  revolution  to  be  madi>  of  tbe 
line  carrying  the  point,  to  thai  they  shall  end  their  motion 
at  last  together,  there  will  be  formed  a  double  spiral  Mat, 
M  in  tbe  Iset  figure.  From  tbe  mannrr  of  this  deKriplion 
may  easily  be  drawn  these  curoUaries  : 

1.  That  the  lines  bI3,  Bll,  BlO,<ic,iaakinge<)«at  an- 
gles with  the  first  and  seconit  spiral  (atalsoBie,  BlO, 
b8),  &c,  are  in  aiithmeiicel  progresaion. 

2.  The  lines  b?,  bIO,  &c,  drawn  any  how  to  the  first 
spiral,  are  to  one  another  as  the  arcs  of  the  circle  inter- 
cepted between  ba  and  those  lines ;  because  whatever 
parts  of  tbe  circumference  the  point  a  describes,  as  sup- 
pose 7,  the  point  b  will  also  have  run  over  7  parts  of  tbe 

UdC  AB. 

3.  Any  lines  drawn  from  b  to  the  second  spiral,  as 
•18,  b33,  Btc,  are  to  each  other  as  the  aforesaid  arcs,  to- 
gether withtlie  whole  circumference  added  on  both  sides: 
for  at  the  same  time  that  tbe  point  a  runs  over  IS,  or  the 
whole  circumference,  or  perhaps  7  parts  more,  shall  the 
point  B  have  run  over  12,  and  7  parts  of  tbe  line  ab, 
which  is  now  supposed  to  be  divided  into  Slcqual  parts. 

4.  The  first  spiral  bpace  is  equal  to  |  of  the  first  or  cir- 
cumscribing circle.  Tbatis,  tbeareaCABDBofthespiral, 
is  equal  tu  ^  part  of  the  circle  described  with  the  radiua 
ca.  In  like  manner,  tbe  whole  spiral  area,  generated  by 
tbe  ray  drawn  front  tbe  point  c  to  the  curve,  when  it  inakea 
two  revolution*,  ii  }  of  the  circle  datchbed  with  the 
radius  Sce. 


And,  generally,  the  whole  area  generalcd  by  the  ray 
from  the  be^nning  of  the  motion,  till  after  any  aumber  n 
of  revolutions,  is  equal  to  f  of  the  circle  whose  radius  is 
n  *  CB,  that  is  equal  to  the  3d  part  of  the  space  which 
is  the  same  multiple  of  fhe  circle  described  with  the  greatest 
ray,  as  the  number  of  revolutions  is  of  unity. 

In  like  manner  also,  any  sector  or  portion  of  the  area 
of  tbe  spiral,  terminated  by  the  curve  cma  and  the  rijjht 
liite  CA,  is  equal  to  ^  of  the  circular  sector  cao  termi- 
nated by  the  right  lines  ca  and  cg,  this  latter  being  the 
gjtaation  of  tbe  revolving  ray  when  the  point  that  deacribet 
the  curve  sets  out  from  c.  See  Maclaurin's  Flux.  Introd. 
pa.  30,  31 ;  also  Quadbatubk  of  the  Spiral  of  Archi. 
meitk  ;  aod  Emerson's  neat  tract  on  spirals,  added  to  his 
Conic  Sections. 

A  brief  synopsis  of  the  first  treatise  on  spirals,  by  Ar- 
chimedes, is  as  iollows : — Propositions  1  and  3  are  of  tbo 
natttie  of  kmiaas,  and  are  enploj-ed  to  demoottiate  tit* 
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ntioi  of  linet  ibat  are  Jetcribed  by  the  equable  motion  of 
point*- — Propi.  3,  4,  i,  6,  7t  Si  9  <)enionstrate  tlie  possi- 
bility of  taking,  in  a  circle,  chords,  tangenCi,  secantii  &c, 
a^wellascerlBinpartaoftbem.  in  a  given  ratio. — Prop.  10 
shows  that,  in  a  seiics  of  quantities  proceeding  from  0, 
and  equally  exceeding  one  snotbcr,  (vis,  a  continued  arith' 
mctical  neiies,)  the  sum  of  the  rectangles  of  the  least  term 
drawn  into  all  tbe  terras,  together  with  as  many  times  the 
tqunre  of  the  greatest  term  as  is  denoted  by  one  more  than 
the  number  of  the  terms,  is  equal  to  3  times  the  sum  of 
tbe  squares  nf  all  the  terms :  (bat  it, 
0(0  +  4  -*-  c  +  d  +  &c,    to  i)    -t-    (»  -t-    l)i'  = 

S[a*  -^  b^  f  c^  t- d'  +  ice 2*)  ; 

wliere  a,  b,  c,  &c,  arc  tbe  terms  of  series  whose  common 
difference  is  a,  tbe  greatest  term  t,  and  number  of  terms  n. 
— P/op.  11  is  also  employed  aboutthesqtisrrsof  the  terms 
of  such  a  progression. 

Having  delivered  these  preparatory  propositions,  the 
author  comes  to  the  definitions  of  the  helix  or  spiral,  and 
of  the  several  parts,  lioes,  and  circles  attending  it ;  in  par- 
ticular>  bis  helix  is  the  curve  described  by  a  point  moving 
uniformly  through  a  right  line  revolving  equably  about  the 
end  from  which  the  point  sets  out. — The  next  0'  props,  arc 
employed  about  the  proportions  of  the  several  parts  and 
radii,  &:c,  of  the  helix,  till,  in  the  18th  prop,  it  is  shown 
that  the  circumference  of  the  first  circle,  is  equal  to  a 
line  drawn  from  the  centre  perpendicular  to  the  radius, 
Knd  bounded  by  a  tangent  to  the  spiral  «t  the  extremity 
of  the  said  radius. 

Prop.  19  shows  that  such  a  perpendicular,  as  above, 
i'rom  the  centre  to  the  end  of  the  3il,  3d,  4th,  &c  spiral, 
and  bounded  by  the  tangent  at  the  same  point,  is  equal  to 
double,  triple,  quailruple,  &c,  of  tbe  circumference  of 
the  circle  described  through  tbe  same  tangent  poinL^ 
Prop,  20,  in  liLe  manner  shows  that  such  a  perpeudicular 
to  a  radius  at  any  point,  not  at  the  enrl  of  the  spiral,  is  ' 
as  multiplex  less  by  one  of  the  circumference,  together 
with  as  much  more  as  is  contained  between  that  point  and 
the  beginning.  So  that  here  we  have  the  rectiGcatien 
of  the  circular  ar<;  by  means  of  the  construction  of  the 
spiral. 

Props.  121,  22,  23,  are  employed  in  showing  that  figures 
may  be  described  in,  and  about  spirals,  that  shall  differ 
from  them  by  less  than  any  assignable  quantity,— And 
then  prop.  24  shows  tbnt  the  1st  spiral  space  is  equal  to  j- 
of  the  1st,  or  its  circumscribing  circle.  And  prop.  25 
shows  the  ratio  of  the  2d,  3d,  4th,  Sec  spiral  space,  to  the 
3d,  3d,  4th,  &c  circle. 

Then  the  remaining  three  props,  show  the  ratios  of  dif- 
fbrent  |>arts  of  spirals  to  their  corresponding  sectors  of  the 
circles.  Afterwhieh  is  added  a  theorem  showing  the  pro- 
portions of  different  sectors  of  a  spiral,  via,  that  they  are 
as  the  cubes  of  their  rrspective  radii.  To  which  b  sub- 
joined a  problem,  to  cat  an  angle,  or  a  circular  arc,  in 
any  ratio,  by  means  of  the  spiral. 

Spiral,  Logiuit,  or  Logarithmic,     See  Lqoibtic,  and 

QUASftATURE. 

Spiral  of  Pajyna,  a  spiral  formed  on  the  surface  of  a 
sphere,  by  a  motion  similar  to  that  by  which  the  Spiral 
of  Archimedes  is  described  on  a  plane.  This  spiral  is  so 
called  from  its  inventor  Pappus.  Collect.  Mathcm,  lib.4 
prop.  30.  Thus,  if  c  he  the  centre  of  the  sphere,  a  as  a 
a  givat  circle,  r  its  pole;  and  while  the  quadrant  pma 
revolves  about  the  pole  r  with  an  uniform  motion,  if  a 
point  proceeding  from  p  move  with  a  given  velocity  along 
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the  quadrant,  it  will  trace  upoo  the  ^berical  iiirfcce  the 
spiral  PZFQ. 

Now  if  we  suppose  the  quadraut  fua  to  make  acom- 
pletc  revolution  in  the  same  time  that  tbe  point,  which 
ti-aces  the  spiral  ou  the  surface  of  the  sphere,  describes  the 
quadrant,  which  is  the  cose  considered  by  Pappus;  then 
the  portion  oF  the  spherical  surface  termitiated  by  the 
whole  spiral,  and  the  circle  akba,  and  the  quadrant  pm  a, 
will  be  equal  to  the  square  of  the  diameter  ab.  In  any 
other  case,  the  area  phaofzp  is  to  the  square  of  that  dia-  ' 
meter  ab,  as  the  arc  *a-  is  to  the  whole  circumference 
AEBA.  And  this  area  is  always  to  the  spherical  triangle 
PAo,  as  ft  square  is  to  its  circumscribing  circle,  or  as  the 
diameter  of  a  circle  is  to  half  its  circumference,,  or  as  2 
is  to  3'14159  &c<  See  Maclaurin's  Fluxions,  Inlrod. 
pa.  3 1— 33. 

The  portion  of  the  spherical  surface,  terminated  by  the 
quadrant  pha,  with  the  arches  as,  fk,  and  the  ■tpiral 
PZF,  admits  of » perfect  quadrature,  when  the  ratio  of 
the  arch  aq  to  the  whole  circumference  can  be  assigned. 
See  Maclanrin,  ibid.  pa.  33. 

Parabolic  bFia.AL.     lice  UthlCOlD. 

Proporiioiuit  Sfihaj.,  is  generated  by  supposing  the  ra- 
dius 10  revolve, uniformly,  and  a  point  from  tbe  circum- 
ference to  movi:  towards  the  centre  with  a.  motion  de- 
creasing in  peomciiical  progression.     See  Logistic. 

From  the  nature  of  a  decreasing  geometrical  progres- 
sion, it  is  easy  to  conceive  that  the  radius  ca  may  be  con- 
tinually divided  ;  and  though  each  successive  division  be- 
comes shorter  than  the  next  preceding  one,  yet  there  must 
be  an  inEnite  number  of  divisions  or  terms  before  the  liut 
of  them  become  of  no  finite  magnitude.  Whence  it  follows, 
that  this  spiral  winds  continually  round  tbe  ccutrr, 
without  ever  falling  into  it  in  any  finite  number  of  re- 
volutions. 

It  is  alto  evident  that  any  proportional  spiral  cuts  the 
Intercepted  radii  at 
equal  angles:  for  if 
the  divisions  Ad,  dt, 
ef,fg,  &c,  of  the  cir- 
cumference be  very 
small,  the  several 
radii  will  be  so  close 
to  one  another,  that 
tbe  intercepted  parts 

AD,  DE,  KF,    FO,  &c, 

of  the  spiral  may  be 

taken  as  right  lines; 

and  the  triangles  cad» 

CDE,  CEF,  &c,  will  be 

similar,  having  equal  angles  ai  the  point  c,  and  the  sideS 

about  those  angles  proportional ;  therefore  the  angles  at  a, 

n,  B,  F,  &c,  are  equal,  that  is,  tbe  spiral  cuts  the  radii  at 

equal  angles.    Robertson's  Klera.  of  Navig.  book  2,  pa.  87. 

Proportional  spirals  are  such  spiral  lines  as  thi;  rhumb 
lines  on  the  terraqueous  globe ;  whichj  because  they  make 
equal  angles  with  every  meridian,  must  also  make  equal 
lUtgli-s  with  the  meridiatis  in  the  stcreographic  projection 
on  the  plane  of  the  equator,  and  therefore  will  be,  as  Dr. 
Ilalley  observes.  Proportional  spirals  about  the  polar 
point.  Whence  he  demonstrates,  that  the  meridian  line 
is  a  scale  of  log.  tangents  of  the  half  complements  of  the 
latitudes.  See  RnuuB,  Loxodhohy,  and  Meri- 
DioHAL  Paru. 

Spihai.  i'uinp.    See  Archimedett  Sckew. 
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SpiftAL,  IB  Architecture  Rnd  Sculpture,  denotes  a 
«urve  that  ascondi,  winding  about  a  cone,  or  spire,  so 
that  all  tbe  points  of  it  continually  approach  the  axfs. 
By  this  it  is  distinguished  from  the  helix,  which  winds  in 
the  same  roanncr  about  a  cylinder. 

SPOitAD£S,  in  Astronomy,  a  name  by  nhich  the  an- 
cients distinguished  such  stars  as  were  not  included  in  any 
constellation.  These  the  modems  more  usually  call  un- 
formed, or  extraconrtetlary  stars.  Many  of  the  sporades 
of  the  ancients  have  been  since  formed  into  new  constella- 
tions: thus,  of  Ihosa  between  Ursa  Major  and  Leo,  He- 
velius  has  formed  a  constellation  named  Leo  Minor  ;  and 
of  those  between  Ursa  Minor  and  Auriga,  he  also  formed 
the  Lynx  ;  and  of  those  under  the  tail  of  Ursa  Minor, 
another  called  Canis  Venalieus  ;  &c. 

SPOTS,  in  AstMnomy,  are  dark  places  observed  on  the 
djsks  or  frtces  of  tbe  sun,  moon,  and  planets.  The  spots 
pntba  sun  are  seldom  if  ever  visible,  except  through  a 
telescope.  1  have  indeed  met  with  persona  whose  eyes 
were  so  strong  that  they  have  declared  they  could  distin- 
guish the  solar  spots;  and  it  is  mentioned  in  Josephus  i 
Costa's  >Iatural  and  Mural  Histpry  of  the  West  Indies, 
book  1,  ch.2,  before  the  use  of  telescopes,  that  in  Peru 
there  are  spots  Co  be  seen  in  the  sun,  which  are  not  to  be 
teen  in  Europe.  See  a  memoir  by  Dr.  Zach,  in  the  Asiro- 
noroical  Ephemeris  of  the  Acad,  of  Berlin  for  I78S,  re- 
lating to  thediscoveries  and  unpublished  papers  of  Thomas 
Harriot  the  celebrated  algebraist.  In  that  memoir  it  is 
shown,  for  the  first  time,  that  Harriot  was  also  an  excel- 
lent astronomer,  both  theoretical  and  practical ;  that  he 
made  innumerable  observations  with  telescopes  from  the, 
^ar  l6lO,  and,  among  them,  199  observations  of  the 
solar  spots,  with'  their  drawings,  calculations,  and  the  de- 
terminations of  the  sun's  revolution  round  his  ax'a.  These 
spots  were  also  discovered  near  about  the  same  time  by 
Gulileo'^  end  Scheiner  See  Joh.  Fabricius  Phrysius  De 
Maculis  in  Sole  observatis  &  apparente  eorum  cum  sole 
conversioue  narratio,  l6ll  ;  also  Galileo's  Istoria  e  Dc- 
monstraiioni  intome  alio  Machie  S<Uare  e  loro  accideoli, 

Some  distinguish  tbe  spots  into  Macule,  or  dark  spots ; 
and  Faculae,  or  bright  spots.  They  are  very  changeable 
u  to  number,  form,  &c;  and  are  sometimes  in  a  multi- 
tude, and  sometimes  none  at  all.  Some  imagine  they 
may  become  so  numerous,  as  to' hide  the  whole  face  of 
llie  sun,  or  at  least  the  greater  part  of  it ;  and  to  this 
they  ascribe  what  Plutarch  mentions,  viz,  that  in  the  first 
year  of  tbe  reign  of  Augustus,  the  sun's  light  was  so  faint 
and  obsqure,  that  one  might  look  steadily  at  it  with 
the  naked  eye.  To  which  Kepler  adds,  that  in  1547, 
the  sun  appeared  reddish,  as  when  viewed  through  a 
thick  mist ;  and  hence  he  conjectures  that  the  spots  in 
the  sun  are  a  kind  of  dark  smolir,  or  clouds,  floating  on 
his  surface. 

Some  again  will  have  them  stars,  or  planets,  passing 
over  the  body  of  the  sun:  but  others,  witb  more  probability, 
think  they  are  opaque  bodies,  in  the  manner  of  crusts, 
formed  like  the  scums  on  the  surface  of  liquors. 
.  Mr.-Gascoigne,  the  inventor  of'ihe  micrometer,  and 
some  others,  fancied  them  to  be  planets  revolving  very 
near  tbe  sun.  But  his  friend  Mr.  Crabtrie  explained  to 
him  very  good  reasons  against  such  a  notion;  stating, 
from  his  observations,  that  they  are  no  stan;  but  mere 
"  fading  bodies,  unconslant  (in  regard  of  their  generation) 
and  irregular  excresceocei  arising  out  oL  or  proceediaiE 
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from  the  sun's  body."     Abridg.  Philos,  Trans,  vol.  5. 
pa.  630,  &c. 

Dr.  Dcrhara,  from  a  variety  of  particulars,  which  he  ' 
has  recited,  concerning  the  solar  spots,  and  their  con- 
gruity  to  what  we  observe  in  our  own  globe,  infers,  that 
they  are  caused  by  the  eruplion  of  some  neiv  volcano  In 
the  sun,  which,  pouring  out  at  first  a  prodigious  quantity 
of  smoke  and  other  opaque  marter,  causeth  the  spots;  and 
as  that  fuliginous  matter  dicays  and  spends  itself,  and  the 
volcano  at  last  becomes  more  torrid  and  flaming,  so  the 
spots  decay  and  become  umlrs,  and  at  Ui<t  facula; :  tvhiirli, 
faculse  be  supposes  to  be  no  other  than  n]ore  Naming 
lighter  parts  than  any  other  parts  of  the  sun.  Philot. 
Trans,  vol,  23,  pa.  150*,  and  vol.27,  pa.  270  ;  or  my 
Abridg.  vol.  5,  pa.  79  and  632. 

Dr.  Franklin  (in  his  Exper.  and  Observ.  pa.  266.)  sug- 
gests a  conjecture,  that  the  parts  of  the  sun's  sulphur  se- 
parated by  fire,  rise  into  the  atmosphere,  and  there  being 
freed  from  the  immediate  action  of  the  fire,  they  collect 
into  cloudy  masses,  and  grodually  becoming  too  heavy  to 
be  longer  supported,  ihey  descend  to  the  sun,  and  are 
burnt  over  again.  Hence,  he  says,  the  spots  appearing 
on  his  face,  which  are  observed  to  diminish  daily  in  size, 
their  consuming  edges  being  of  particular  brightness. 

Dr.  Alea.  Wilson,  of  Glasgow,  from  observations  and 
k  train  of  reasoning,  is  of  opinion  (hut  all  spots,  small  ai 
well  as  great,  which  consist  of  a  dark  nucleus  and  sur- 
rounding umbra,  are  excavations  in  the  luminous  matter 
of  the  sun.  He  has  also  endeavoured  to  give  a  general 
idea  ofnhe  production,  changes,  and  decay  of  the  solar 
spots,  considered  as  excavittions  in  the  body  of  the  sun. 
But  concerning  the  nature  of  that  mighty  agency,  which 
occasions  those  amazing  commotions  in  the  luminous 
matter,  or  concerning  the  density,  viscidity,  and  other 
qualities  of  the  matter,  and  many  other  questions,  be 
freely  confesses'  that  they  far  surpass  his  knowlMlge.. 
Abridg.  Ph.  Tr.  v.  13,  pa.  .586,  and  v.  15,  pa.  482. 

To  this  opinion  of  Dr.  Wilson  several  persons  exhibit 
objections ;  among  others  M.  Lalande,  in  the  Memoirs  of 
the  French  Acad,  1776,  contends  on  the  contrary,  that 
the  spots  are  phenomena  arising  from  dark  bodies  like 
rocks,  which,  by  an  alternate  flux  and  reflux  of  the  liquid 
igneous  matter  of  the  sun,  sometimes  raise  their  heads 
above  the  general  surface.  That  part  of  the  opaque  rock, 
which  at  any  time  thus  stands  above,  gives  the  appearance 
of  tbe  nucleus,  while  those  parts  which  lie  only  a  little 
under  the  igneous  matter,  appear  to  us  as  tbe  stlrrouud- 
ing  umbra. 

Some  other  respectable  remarks  on  these  phenomena 
are  given  by  Mr,  H.  Marshall  and  the  Rev,  F.  Wollastoii. 
See  the  Abr.  Ph.  Tr.  v.  13,  pa  529,  532. 

Dr.  Herschel's  explanation  of  these  phenomena  is  dif- 
,ferent  from  all  the  rest.  The  sun,  he  supposes,  has  an 
atmosphere  resembling  that  of  the  earth;  and  this  at- 
mosphere consists  of  various  elastic  fluids,  some  of  whioh 
exhibit  a  shining  brilliancy,  while  others  are  merely  trans- 
parent. Whenever  the  lucid  fluid  is  removed,  thJe  body 
of  the  sun  may  be  sei-n  through  those  that  are  transparent, 
as  a  dark  spot.  Like  as  an  observer,  placed  on  the  moon, 
sees  the  solid  body  of  our  earth  only  in  those  places  where 
the  transparent  fluids  of  our  atjnosphere  permit  him.  In 
others,  the  opaque  vapours-  reflect  tbe  light  of  the  sun, 
without  permitting  his  view  to  penetrate  to  the  surface  of . 
our  globe.  By  changes  in  the  atmosphere  of  Jupiter, 
.Dr.  H.  account!  for  liie  phenoaiena  of  his  belts;  and  on 
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the  Hin«  principle  be  i)lutra<M  the  mnoin  K^pcftrascei 
of  ft  spot,  wbicb  b«  observed  on  ibe  )un  in  1779-  Tb)> 
spot  extended  norc  than  50  tbauMnd  milnt  uid  fae  wys 
thftti  '  tbe  idea  of  it»  being  occMiorad  by  «  volcanic 
•xplouon,  violently  driving  away  a  fiery  flaid,  which  on 
ill  return  would  gradually  Gil  up  tbe  vacancy,  and  thus 
restore  the  lun  in  that  place  to  in  former  splendciur, 
•light  to  be  Tejected  oji  maay  accounii,'  Dr.  H.  appre- 
hnidf  there  are  couiderable  inequalities  in  the  sur&co  of 
the  sun;  and  that  there  may  be  elevations  not  less  than 
5  or  600  miles  high,  '  JV  very  high  country,  or  chain  of 
mountains,  may  oftenor  become  visible,  by  the  removal 
of  the  obstructing  fluid,  than  the  lower  regions,  on  ac- 
count of  its  not  being  so  doepty  covered  with  it;  and  some 
of  the  solar  mountains  miiy  be  liigh  enough  occasionally 
to  project  above  the  shining  elastic  fluid,  when,  by,  some 
agitation,  or  other  cause,  it  is  not  of  the  usual  height. 
And  this  opinion  is  much  strirngthencli  by  the  return  of 
some  remarkable  spots,  which  served  Cassini  to  ascertain 
the  period  of  the  sun's  rotation-— According  to  Dr.  H's 
hypothesis,  the  htack  ^oU  are  the  opaque  ground  or  body 
ofthesunjand  the  luminous  part  is  an  utmospbere,  which, 
being  interrupted  or  broken,  gives  us  a  transient  glimpse 
of  the  tun  itself.  These  spots  appear,  with  a-7-fect  re- 
jector, much  depressed  below  tbe  surface  of  the  luminous 
Eirt.  Tbe  focula,  a*  Hevcliiu  calls  them,  are  elevate4 
right  places,  which  appear  at  different  times,  and  in  dif-. 
fcrent  circumstances,  of  very  various  figures,  which,  with 
ibe  lower  opaque  parts,  gives  the  sun  at  times  a  kipd  of 
moiled  appearance.     Philos.  Trans.  Abr.  v.  17<  pa.  iJA.  ■ 

In  short,  Dr.  Herschel,  who  has  paid  great  attention 
to  the  spots  of  the  sun,  considers  that  luminary  as  similar 
to 'the  planets,  and  not  a  fianiing  body. — It  contains  moun- 
tains, some  of  which  he  supposes  to  be  800  leaguet  in 
height.  Its  atmosphere  is  composed  of  d1fle^'nt  elastic 
fluids,  some  of  which  are  luminous  or  phosphoric,  and 
others  only  transparent  The  former  make  the  sun  appear 
like  a  mats  of  light  or  fire ;  but  the  parts  of  that  atmo- 
fpbere  which  are  only  transparent,  suffer  his  body  to  be 
■ecn.  These  are  tbe  spots.  He  believn  the  sun  to  be  in* 
habited  like  the  other  planets. 

Lalandp,  on  the  other  hand,  thinks  that  the  snn  is 
really  a  solid  body,  but  ibat  his  surface  and  part  of  his 
mass  are  composed  of  an  incandescent  fluid.  This  fluid, 
by  any  movement,  leaves  uncovered  sometimes  a  portion 
of  the  body  of  the  sun  or  his  mountains,  and  these  are  the 
^pots.  —  -  ■  Wilson  considers  the  spots  of  the  sun  osertip- 
lions  or  volcanoes. 

For  another  solution  of  (bete  pbenomeno,  see  Macule. 
Various  other  accounts  and  hypotheses  of  these  spots  may 
be  teen  in  many  of  tbe  other  volumes  of  the  Philos.  Trans. 
In  one  of  these,  viz,  vol.  57.  pa.  398,  Dr.  Horsley  attempts 
to  determine  tbe  height  of  fhe  sun's  atmospbet«  from  the 
-height  of  the  solar  spots  ahove  his  lurbce. 

By  means  of  tbe  observariont  of  these  spots,  has  been 
determined  the  period  of  the  luh's  rotation  about  his  axis, 
vis,  by  observing  their  periodical  return. 

The  lunar  spots  are  fixed ;  and  astronomers  reckon  about 
48  of  them  on  the  moon's  face;  to  each  of  which  they 
have  given  names.  The  21st,  called  T^ibo,  is  one  of  the 
most  considerable. 

CSrcular  Spotb,  in  Electricity.  See  CiECDlAa  Spoit 
•nd  CoLOiTRS. 

Lacid  Spots,  in  tie  hetmaa,  are  several  little  whitish 
spots,  that  appear  magDificit,  atid  more  lununoiu  when 
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seeit  thioiigh  idetcoprs ;  and  yet  wtthMt  any  sttm  in 
them.  One  of  these  is  in  Andrameda't  girdle,  and  was  first 
observed  in  I6l3,  by  Simoa  MkHus:  it  has  simm  whititb 
rays  near  its  middle,  is  liable  to  several  changes,  and  is 
sometimes  inviiibte.  Aiwther  it  near  the  ecliptic,  between 
tbe  bead  and  bow  «f  Sagittarius  ;  ii  is  small,  but  wry  lu- 
minous. A  third  is  in  the  bach  of  the  Centaur,  which  ii 
top  far  south  lu  b«  seen  in  Britain.  A  fourth,  ofa  snaller 
sise,  is  before  Anttnuus's  right  foot,  haviag  a  star  in  it, 
which  makes  it  appear  more  bright  A  fifth  is  in  the  con- 
stellation Hercules,  between  tbe  stars  C  and  if,  which  is 
visible  to  the  naked  eye,  ihongh  it  is  but  small,  when  the 
sky  is  clear  and  tbe  moon  absent  It  is  probable  that 
wiih  more  powierful  leleseopes  these  Incid  spots  will  be 
found  tQ  be  congeries  of  very  tninuio  fixed  stars.  See 
NinuLOUs. 

i'/oncMry Spots,  are  tboseof  tbeplanets.  Astronomen 
find  that  tbe  planets  are  not  tyithout  their  spots.  Jnpiter, 
Mars,  and  Venus,  whan  viewed  through  a  telescope,  show 
•everal  very  remarkable  ones :  and  it  is  by  the  motion  of 
these  spots  that  the  rotation  of  the  planets  about  their  axes 
is  concluded,  in  the  same  manner  as  that  of  the  sun  is  de- 
duced from  the  apparent  motion  of  bis  macula. 

SPOUT,  or  Jfaler  Spout,  an  extraordinary  meteor, 
or  appearance,  consisting  of  a  moving  column  or  pillar 
of  water)  called  by  the  Latins  typho,  endsipho;  and  Uy 
the  French  trompe,  from  its  shape,  which  rescnbles  a 
speaking  trumpet,  the  widest  end  uppermost.  It*  first 
appearance  is  in  form  of  a  deep  cloud,  tbe  upper  part  of 
which  is  white,  and  tbe  lower  black.  From  the  lower 
part  of  this  cloud  there  hangs,  or  rather  falls  down,  what 
is  properly  called  the  spout,  representing  a  conical  tube, 
largest  at  top.  Under  this  tube  b  always  a  great  agita- 
tion of  Ibe  water  of  ibo  sea,  as  in  a  jel  d'eau.  For 
some  yards  above  the  surface  of  ib«  sm,  the  water  standi 
like  a  column,  or  pillar ;  from  the  extremity  of.  which  it 
spreads,  and  goes  off,,  as  in  a  kind  of  smoke.  Frequently 
the  cone  descends  as  tow  at  the  middle  of  this  column, 
and  continues  for  tome  lime  contigqous  to  it ;  though 
tometimes  it  only  points  to  it  at  tome  distance,  either  in 
a  perpendicular,  or  in  an  oblique  line. 

It  frequently  happens  that  it  can  scarcely  be  distin* 
guished,  whether  the  cone  or  tbe  column  appears  the  Am, 
both  ruling  as  it  were  to  each  iitber  instantaneously. 
But  tometimes  the  water  boils  up  from  the  sea  to  a  great 
height,  without  any  appearance  ofa  qwut  pointing  to  it, 
either  perpendicularly  or  obliqncly.  Indeed,  generally, 
tbe  boiling  or  flying  up  of  the  wafer  hot  the  priority,  tut 
always  preceding  its  being  formed  into  a  column.  It 
more  commonly  huppens  that  the  cone  docs  not  appear 
hollow  till  ^<wards  tbe  end,  when  the  sea  water  is  vio* 
lenily  thrown  up  along  its  middle,  aa  smiJte  tip  a  chim* 
ney :  soon  after  this,  the  spout  or  canal  bivakt  ai>d  dis- 
appears ;  the  boiling  up  of  the  water,  and  even  the  pillar, 
continuing  to  the  last,  and  for  some  time  afterwards ; 
sometimes  till  the  sp<iut  form  itself  again,  and  appear 
anew,  which  it  will  do  several  timet  in  a  qtiartcr  of  an 
hour,  bee  a  description  of  ge^er«l  water-spouts  by  Mr. 
Gordon,  end  by  Dr.  Stuart,  in  Phil.  Trans.  Ahr.  vol.  iv, 
pa.  56*,  and  6*7- 

M.  del«  Pry  me,  from  a  near  observation  of  two  or  three 
ipouts  in  Yoritsbire,  described  in  the  Philosophical  Trona- 
actions,  num.  381,  uf  Abr.  vol.  iv,  po.  709i  concludes, 
that  the  water  spout  is  nothing  but  a  gyration  of  clouds 
by  contrary  winds  meeting  in  a  poiM,  or  centre ;  aB4 
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there,  where  tbe  greatest  cuDdensatiOn  and  gravitation  iSf  lour  ii  soinelimeii  inclining  la  whitOt  »nil  BomeCiine!!  (• 

follingdownintoBpipe,  orgreat  tube, sonit^ what  (ike  Archi-  black.     Thuir  ptisitkin  in  lumetiinev  pei'pi-ndiL'uUr  lu  the 

inedcs's  spiral  screv(;and,   by  its  working  and  wliirling  tea,  sumettratMi  obliqui'i    and  totnuumes  ifae  ipuut  itkclf 

motion,  absorbs  and  taii&t  the  water,  in  tbe  mme  manner  form)  a  curve,     'i'bejr  continuHnce  is  very.varioua,  some 

as  the  dpiral  tci»w  doei;  thus  di-siroyiag  even  the  largest  disappearing  hs  soon  as  formed,  and  some  continuing  a 

sbipa  &c  considerable  time.     One  that  be  had  henrd  of  continued 

In  tbemonch  of  Junehe  obuTvcdlbecloudi  verymuch  for  an  hour.     But  they  often  vanish,  and  presently  ap- 

agitated  above,  and  driven  hither ;  upon  which  they  be-  pear  again  in  tlic  same  place.    The  very  same  things  that 

came  very  black,  and  were  hurried  round  i  whence  pro-  vroter-Epouis  ai-e  at  bch,  are  some  kinds  of  whirlwinds  atid 

ceeded  a  most  audible  whirling  noise  like  that  usually  hurricanes  by  land.     They  have  been  known  lo  tear  up 

heard  in  a  mill.     Soon  afier  thcie  issued  a  long  tube,  or  trees,  in  throw  down  buildings,  and  make  caverns  in  the 

spout,  froBi  tbeceittreof  the  congr^ated  clouds,iii.whicb  earth;  and  in  all  these  cuses,  to  scatter  eurth,  bricks, 

he  observed  aspirel  motion,  like  thacofascrew,  by  which'  stones,  tijober,  &c,  to  great  distances  in  every  direction, 

the  water  was  raised  up.  Great  quantities  of  water  have  been  left,  or  raised  by 

Again,  August  15,  l687,  tl»e  wind  blowing  at  the  saoae  them,  so  as  to  make  a  kjnd  of  deluge;  and  they  have  at 

time  out  of  tbe  several  quarters,  created  a  great  vortex  ways  been  attended  by  a  prodigious  rumbling  noise. 

and  whirling  among  the  clouds,  the  centre  df  which  every  That  these  phenomena  depend  upon  electricity  cannot 

now  and  then  dropt  down,  in  the  shape  of  a  long  thin  .but  appear  very  probable  from  the  nature  of  several  of 

black  pipe,  in  which  h|i  could  distinctly  behold  a  jnotion  them  ;  but  the  conjecture  \a  made  more  probable  from 

like  tJiut  of  a  screw,  continually  drawing  upwards,  and  the  following  additional  circumstances.     They  generally 

screwing  up,  as  ii  were,  wbeievi;r  it  toucb«d.  appear  in  months  peculiarly  subject  to  thunder-stormsi 

In  its  progress  it  moved  slowly  over  a  grove  of  trees,  and  are  commonly  preceded,  accompanied,  or  followad 

which  bent  under  it  like  wands,  in  a  circular  motion,  by  lightning,  rain,  or  hail,  the  previous  (fate  of  the  air 

Proceeding  farther,  It  tore  off  thv  thatch  from  a  barn,  being  similar.     Whitiih  or  yellowish  flashes  of  light  have 

beat  a  bilge  oak  tree,  broke  one  of  its  greatest  branches,  sometimes  been  seen  moving  with  prodigious  swiftnass 

and  threw  it  to  a  coDsidorable  distance.     He  adds,  that  about  tiKra.     And  lastly,  tbe  aanner  in  which  they  tcr^ 


whereas  it  is  cofamoaly  said,  the  water  works  and  i 
a  column,  before  the  tube  coma  to  touch  it,  this  is 
doubtless  a  mistake,  owing  to  ibe  fineness  and  trenspa- 
rcncy  of  the  tubes,  which  do  most  certainly  touch  the 
surface  of  the  sea,  before  any  considerable  motion  can 
ba  raised  in  it ;  but  which  do  not  become  opaiju 


ninate  exactly  resembles  what  might  be  expected  from 
the  prolongation  of  one  of  the  uniform  protuberances  of 
electrified  clouds,  mentioned  before,  towards  the  sea ;  the 
water  and  the  cloud  mutuuUy  attracting  each  other :  for 
they  suddenly  contract  themselves,  and  disjwrse  almost 
at  once ;  the  cloud  rising,  and  tbe  water  of  the  sea  under 
sible,  till  after  they  have  imbibed  a  considerable  quantity  it  falling  to  its  level.  But  the  most  remarkable  circunt- 
of  water.  stance,  and  the  most  favourable  totba  supposition  of  their 

The  dissolution  of  water  spouts  lie  ascribes  to  the  great  depending  on  electricity,  is,  that  they  have  been' disperwd 
quantity  of  water  they  have'  gathered;  which,  by  ita  by  preseatiog  to  them  sharp  pointed  kniva  or  swords, 
weight,  impeding  their  motjpn,  upon  which  their  force.  This,  at  least,  is  th«  constant  practice  of  mariners,  in 
and  even  existence  depends,  they  break,  and  let  go  their  many  parts  of  the  world,  wfaen  these  water-spouta 
conteDts;  which  frequeatly  proves  fatal  to  whatever  is  abound,  and  he  was  assured  by  several  of  them,  that  tha 
found  Hudernestb.  awthod  has  o&en  been  undoubtedly  efleclual. 

A  remarkable  instance  of  this  nay  be  seen  in  the  Phi*  The  analogy  between  the  phenomena  of  water-spouts  and 
losophical  Tmnsactlons  (nam.  3ti3,  or  Abr.  vol.  «i.  pa.  electricity, hesays,  may  be  made  visible  by  banginga  drop 
440)  related  by  Dr.  Richard  son.  A  spout,  in  1718,  ofwatertoa  wire  coamuaicabng  with  the  primeconductor, 
bKaking  on  Emmotmoor,  nigh  Coin,  in  Lancashire,  tha  and  placing  a  vessel  of  water  under  it.  In  these  circum- 
country  was  imntedialcly  inundated  ;  a  brook,  ia  a  few  stances,  the  drop  assumes  all  the  various  i^ipearances  of 
minutes,  rose  sik  feat  perpendicularly  high  ;  and  tha  a  water-spout,  both  in  its  rise,  form,  and  manner  of  dis- 
grauixl  upon  which  the  spout  fcll,  which  was  66  ieet  over,  appearing.  Nothing  is  wanting  hut  the  smake,  which 
was  torn  up  to  the  very  rock,  which  was  no  less  than  7  nay  require  a  great  force  of  electricity  to  become  visible. 
ieet  deep  ;  and  a  deep  gulf  was  made  for  above  half  a  Mr.  Wilcke  alto  considers  the  water«poat  as  a  kind  of 
mile,  tha  earth  being  raised  in  vast  heaps  on  each  side,  great  electrical  cone,  raised  between  the  cloud  strongly. 
Sea  a  dOcriptioa  and  figure  of  a  water-spout,  with  an  electrified,  and  the  sea  or  the  earth,  and  he  relates  a  very 
attempt  to  account  for  it  ia  Fianklia's  Exp,  and  Ohs.  remarkable  appearance  whidi  occuried  to  biinsdf,  and 
po.  2W,  Ifc.  which  strongly  confirms  his  supposition.     On  the  20th  of 

Signor  Beccsria  has  tahen  pains  to  show  that  water-  July  17^S,  at  three  o'clock  in  the  afternoon,  he  observed 
spoula  hav«an  ekclfical  ori^n.  To  make  this  the  more  a  great  quoatity  of  dust  rising  from  the  ground,  and  co- 
evideat,  he  first  describes  the  circumstanccsattandiagtlMir  vering  a  field,  and  part  of  the' town  in  which  he  then  waa. 
appearaiue,  which  are  the  fbllowiag.  There  was  no  wind,  and  the  dust  moved  gently  towards 

They  geoeraUy  appear  in  calm  weather.  The  sea  seems  the  east,  where  appeared  a  great  black  cloud,  which,  when 
to  boil,  and  to  send  up  a  smoke  tinder  them,  rising  in  a  it  was  naar  its  senith,  electrified  his  apparatus  positively, 
hill  towards  the  spout  At  the  same  tiiae,  parsons  .who  and  to  as  great  a  degree  as  ever  he  bad  observed  it  to  be 
have  been  near  them  have  heard  a  rumbling  noise.  Tbe  doae  by  natuial  ciectricity.  This  cloud  passed  big  loiith, 
fovm  of  a  itater-apout  is  that  of  a  speaking  trumpet,  tha  and  went  gradually  towards  tbe  west,  the  dust  then  fol- 
wider  and  being  in  tha  clouds,  ^d  ihe  nariowar  end  to-  lowing  it,  and  continuing  to  rise  higher  and  higher  till  it 
wards  the  sea.  coni]wscd  a  thick  pillar,  in  the  form  of  a  sugar-loaf,  and 

Tha  SIM  it  various  emi  iatka  same  spout.    Thew-    at  length  Mcnwd  to  b«  ia  contact  with  the  ckiud.    At 
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aome  dUianc«  from  this,  ibcre  cam«,  in  the  same  paibt  places,  contiderably  hi^er,  along  beds  of  clay,  or  clayey 

another  great  cloud,  together  with    a   long  aircam   of  ground,  at  in  their  natural  channels.     So  that  if  thire 

smaller  clouds,  moving  faslcr'than  the  preceding.    These  happen  to  be  a  valicy  between  a  mountain  on  whose  top 

clouds  electrified  bis  apparatus  negatively,  and  when  they  "  -    --"- '  •'  ---■•■  .    ■    .     ^ 

came  near  the  positive  cloud,  a  flash  of  Ijghlning 


0  dart  through  the  cloud  of  dust,  the  posili 
the  large  n^aiive  cloud,  and,  as  far  as  the  eye  could  dis- 
tinguish, the  whole  train  of  smaller  negative  clouds  which 
followed  it.  Upon  lliis,  llie  iiegalive  cli>uds  spread  very 
much,  and  dissolved  in  rain,  and  the  air  whs  presently 
clear  of  all  the  dust.  The  whole  appearance  lasted  not 
above  balf  qd  hour.  See  Priestley's  Elccir.  vol.  i. 
pa.  438,  &c. 

This  theory  of  water  ispoiitt  has  been  farther  confirmed 
by  the  account  which  Mr.  forster  gives  of  one  of  them, 
in  his  Voyage  roun<l  ihe  World,  vol.  i,  pa.  Ipl,  ic.  On 
the  coast  of  New  Zealand  he  bad  an  opportunity  of  see- 
ing several,  one  of  which  he  has  particularly  described. 
The  water,  he  sayg,  in  a  space  of  50  or  60  fathoms, 
moved  towards  the  centre,  and  there  rising  into  vapour,' 
by  the  force  of  the  whirling  motion,  ascended  in  a  spiral 
n  towards  the  clouds.     Directly  over  the  whirlpool. 


channel,  i 


id  tbe  mountain  which  is  to  furnitih  it  « 
water,  the  spring  must  be  considered  as  water  conducted 
■  a  certain  height,  through  a  Kubter- 
makeajetotanalmost  equal  height. 
As  to  the  manner  in  which  this  water  is  collected,  to  « 
to  form  rtservoirs  of  tbe  different  kinds  of  springs,  it  seems 
to  be  ibis:  the  tops  of  mountains  usually  abound  with  ca- 
vities and  subterraneous  caverns,  formed  by  nature  to  serve 
as  reservoirs:  and  their  pointed  summits,  which  secni  to 
pierce  the  clouds,  stop  thoiw?  vapours  which  float  in  the 
atmosphere;  which  being  thus  condensed,  they  precipi- 
tate in  water,  and  by  their  gravity  and  fluidity  easily  pene- 
trate through  beds  of  sand  and  the  lighter  earth,  till  they  , 
become  stopped  in  their  descent  by  the  denser  strata,  such 
as  beds  of  clay;  stone,  &c,  where  ihey  form  a  baaon  or  ca- 
vern, and  working  a^iassage  horizontally,  or  a  little  de- 
clining, they  issue  out  at  the  sides  of  the  mountains. 
Many  of  these  springs  discharge  water,  wliicb  running 
down  between  tbe  ridges  of  bills,  unite  their  streams,  and 


r  agitated  spot  in  the  sea,  a  cloud  gradually  tapered  into-    form  rivule^  or  brooks,  and  many  of  these  uniting  agaia 

'         '      '      ■   '        ■  ■-■     -        >  .-    1  1  --         .  ^1        y„  the  plain,  become  a  river. 

The  perpetuity  of  some  springs,  always  yielding  the 
same  quantity  of  water,  as  well  when  the  least  rain  or  va- 
pour is  afforded  as  when  they  arc  the  greatest,  furnish,  in 
tbe  opinion  of  some  persons,  considerable  objections  to 
tbe  universality  or  sufficiency  of  the  above  theory.     Dr. 
Derbam  mentions  §  spring  in  his  own  parish  of  Upmin- 
sler,  which   he  couid   never  perceive  by  his  eye  was  dimi- 
ni.shed  in  the  greatest  droughts,  even  when  all  the  ponds 
ntry,  as  iveli  as  an  adjoining  brook,  had  been  dry 
1  months  together;  nor  ever  to  be  increaa*^  in 
ainy  seasons,  excepting  perhaps  for  a  few  hours, 
t  most  for  a  day,  from  sudden  and  violent  rains.    Had 
spring,  he  thought,  deiivq^  its  origin  from  rain  or  va- 
ns,there  would  be  found  an  increase  and  decres'e  of  its 
.>r  correspimding  to  those  of  its  causes;  as  we  actually 
find  in  such  temporary  springs,  as  have  undoubtedly  their 
m  rain  ami  vapour. 

e  naturalists  itierefore  have  recourse  to  the  sea,  and 
ilerive  the  origin  of  springs  immediately  from  thence. 
But  how  the  sca-watrr  should  be  raised  up  tn  the  surface 
of  the  earth,  and  even  to  the  tops  nf  the  mountains,  is  a 
difficulty,  in  the  toluliun  of  which  they  cannot  agree. 
Some  fancy  a  kind  of  hollow  subterranean  rocks  to  ivcdve 
-water  the  watery  vapours  raised  from  channels  communicating 
with  the  51^,  by  means  of  an  internal  fir<-,  and  to  act  the 
part  of  alembics,  in  freeing  them  from  their  saline  parti- 
cles, as  well  as  condensing  and  converting  tbera  into  wa- 
ter. This  kind  of  subterranean  laboratory,,  serving  for  the 
distillation  of  sen- water,  was  the  invention  of  Descartes; 
seehisPrincip.  part4,  §  6'4.  Others,  as  Lahire&c  (Mem. 
de  I'Acad,  1703)  set  aside  the  alembics,  and  think  it 
enough  that  there  be  large  subterranean  reservoirs  of  wa- 
ter at  the  beightof  the  sea,  from  whence  the  warmth  of  tbe 
bottom  of  the  earth,  Bcc,  may  raise  vapours  ;  which  per- 
vade not  only  the  intervals  and  tissures  of  the  strata,  Cut 
the  bodies  of  tbe  strata  themselves,  and  at  length  arrive 
near  the  surface  ;  where,  being  condensed  by' the  cold, 
they  glide  along  on  the  first  bed  of  clay  they  meet  with, 
till  they  issue  forth  by  some  aperture  in  tbe  ground.  La- 
adds,  that  the  salts  of  stone  and  minerals  may  ci 


a  lung  slender  tube,  which  seemed  to  descend  to 
rising  spiral,  and  soon  united  with  it  into  a  straight  co- 
lumn of  a  cylindrical  fo^m.     The  water  was  whirled  up- 
wards with  the  greatest  violence  in  a  spiral,  and  appeared 
to  leave  a  hollow  space  in  the  centre;  so  that  the  water 
seemed  to  form  a  hollow  tube,  instead  of  a  solid  column  ; 
and  that  this  was  the  case,  w»s  rendered  still  more  pro- 
bable by  tbe  colour,  which  was  exactly  like   that  of  a 
hollow  glass  lube.     After  some  time,  this  last  column  was 
incurvaleii,  and  broke  like  the  others ;    and    ih^  appear- 
ance of  a  flash   of  lightning  which  attended 
tioo,  as  well  as  tbe  hail-stoncs  which  fell  a 
seemed  plainly  to  indicate,  that  watef'Spouis  either  owe 
their  fonnation  to  the  electric  matter,   or,'at  least,  that 
they  have  some  connexion  with  it. 

la  Pliny's  time,  tbe  seamen  used  to  pour  vinegar  into 
tbe  sea,  to  assuage  and  lay  the  spout  whi'U  it  approached 
tbem :  our  modern  seamen  think  to  keep  it  off,  by  making     rise 
a  noise  with  tilit^  and  scratching  violently  on  the  deck ;         S' 
or  by  discharging  great  guns  to  disperse  it.  ileri 

See  theSgureofa  water-gpout,  fig.  1,  plateSS.  But 

SPRING,  in  Natural  History,  a  Ibunlain  or  sourc        *       '   ' 
water,  rising  out  of  the  ground. — The  most  general 
probable  opinion  among  philosophers,  on  the  formation 
of  springs,  is,  that  they  are  formed  from  tbi 
which  penetrates  the  eartb   till   such  timt  as  i(  mci-Is  a 
clayey  soil,  or  stratum  ;    which  proving  a   bottom  suffi- 
ciently solid  to  sustain  and  stop  its  descent,  it  glides  along 
it  that  way  to  which  the  earth  declines,  till,  meeting  with 
a  place  or  aperture  on  the  surbice,  through  which  it  may 
escape,  it  forms  aspring,  and  perhaps  the  bead  ufa  stream 
or  brook.      Now,  that  the  rain  ii  sufficient  for  this  effect, 
:   appears  from  hence,  that  upon  calculating  tbe  quantity  of 
rain  and  snow  which  falls  yearly  on  the  tract  of  ground 
that  is  to  furnilih,  for  instance,  the  water  of  the  Seine,  it 
is  foiind  that  this  river  does  not  take  up  above  one-sixth 

Springs  commonly  rise  at  the  bottom  of  mountains: 
the  reason  is,  that  mountains  collect  the  most  waters, and 
give  iticm  (be  greatest  descent  the  same  way.  And  if  we 
sometimes  see  springs  on  high  grounds,   and 


lops  of  mountains,  they  must  come  from  other  remoter     bule  to  the  dctainiiig  and  fixing  tbe  vapours,  and  convert- 
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ing  them  into  water.     Agtiitt,  it  it  urgrd  by  others,  lliat    ciallylf  the  duct  xb  be  not  exactly  level  aith  the  bottom 

■here  is  B  still  mure  natutal  BndeHsy  wny  of  e:t)iibiiitig  tbe    of  the  cavity  in  the  hill,  and  discharge  water  in  dry  wea- 


i  n(  the  sea-waier  up  into  muunlalns  &c,  vii,  by  put- 
ting a  tittle  heap  of  sand,  or  aches,  or  ihe  like,  into  a  basim 
of  water;  in  which  cast-  the  sand&c  will  represent  the  dry 
land,  or  an  island  ;  and  the  bason  of  »ater,  the  sea  about 
it.  Here,  say  th'ey,  Ihe  watci  in  the  bason  will  rise  !o  the 
top  of  the  heap,  or  nearly  so,  in  the  sa^nc  manner,  and 
froiu  iheaanie  principle,  as  the  waters  of  the  sea,  lakes,  &c, 
rise  in  the  hills.  The  principle  of  ascent  in  both  is  ac- 
cordingly supposed  to  be  the  same  with  that  of  the  ascent 
of  liquids  in  capillary  tubes,  or  between  contiguous  pluni 
or  in  a  tube  fjlled  with  ashes  ;  all  wl'  ' 
accounted  for  by  ihc  doctrine  of  attraction, 


ther;  unci  the  intermissions  of  the  spring  may  continue 
several  days.  But  if  we  suppose  xop  to  represent  another 
cavity,  iiupplied  with  warer  by  tbe  channel  MO,  as  well  as 
by  fissures  and  clefts  in  the  rock,  and  by  the  draining  of 
the  adjacent  earth  ;  and  another  channel  Stt,  communi- 
cacing  with  tbe  bottoro  of  it  at  s,  ascending  to  t,  and  ter- 
niinating  on  the  surface  at  v,  in  the  form  of  a  siphon ; 
this  disposition  of  the  internal  <?aviiies  of  ihe earth,  which 
we  may  reasonably  suppose  that  nature  has  formed  in  a 
variety  of  places,  will  serve  to  explain  the  principle  of  re- 
generally  clprocating  spring)  ;  for  it  is  plain,  that  the  cavity  xoF 
supplied  with  water  to  the  height  qpt,  before  it 


Against  this  last  theory,  Perrault  and  others  have  ufged  can  pass  over  the  bend  of  the  channel  at  T,  and  then  it 

several  unanswerable  objections.     It  supposes  a  variety  of  will  Row  through  the  longer  leg  of  the  siphon  tv,  and  be- 

subterranean  passages  and  caverns,  communicating  with  discharged  at  the  end  T,  which  is-  lower  than  a.     Nimv  if 

theijca,  and  a  complicatednpparatusof  alembics,  with  heat  the  channd  STv  be  considerably  larger  than  no,  by  which 

and  cold,  &c,  of  the  existence  of  all  which  we  have  no  the  water  is  principally  conveyed  into  the  reservoir  xop, 

sort  of  proof.     Besides,  the  water  that  is  supposed  to  as-  tbe  reservoir  will  be  emptied  of  its  water  fay  the  siphon  ; 

cend  from  the  depths  of  the  sea,  or  from  subterranean  ca-  and  when  the  water  descends  below  its  orifice  s,  the  air 

nals  proceeding  from  it,  through  the  porous  parts  of  the  will  drive  the  remaining  water  out  of  tbe  chancel  stv,  and 

earth,  as  it  rises  in  capillary  tubes,  ascends  to  no  great  the  spring  will  cease  to  flow.     But  in  time  the  water  in  the 

height,  and  in  much  too  small  a  quantity  to  furnish  springs  reservoir  will  again  rise  to  the  height  qpt,  and  be  dis- 

with   water,  as  Perrault   has   sufficiently  shown.     And  charged  at  v  as  before.     It  is  easy  to  conceive,  that  the 

though  the  sand  and  earth  through  which  the  water  as-  diameters  of  the  channels  vo  and  stv  may  be  so  propor- 

Conda  nlay  acquire  some  Mline  particles  from  it,  they  are  tioned  to  one  another,  as  to  afford  an  intermission  and  re- 

nevcrllicless  incapable  of  rendering  itso  fresh  as  the  water  ncwal  uf  the  spring  v  at  regular  intervals,     I'bus,  if  KO 

:  fountains  is  generally  found  to  be.     Not  to  add,  communicateswith  a  wi'll  supplied  by  ihe  tide,during  the 


that  in  process  of  time  the  saline  particles  of  which  the 
water  is  deprived  either  by  subterranean  disiillaCion  or  fil- 
tralion,  musi  clog  and  obstruct  ibuae  canals  and  alem- 
bics, by  Mihich  it  is  supposed  to  be  conveyed  to  our 
springs,  and  the  sea  must  likewise  gradually  lose  a  consi- 
derable quaniiiy  of  itsaalt. 
'  DifertM  kin'di  of  SpniHcs.  S[ 
ntinually,  called  perennial 


a  time,  and  at  certain  seasons  of  the  year,  and  thei 
fore  CHlled  temporary  sprinaB.  Others  again  are  callt'd 
intermiriing  springs,  because  they  flow  and  .then  stop,  and 
flow  and  stop  again  ;  and  reciprocating  springs,  whose 
waters  ri^e  and  full,  or  How  and  ebb,  bv  rfgalar  intervals. 


time  of  dow,  the  quantity  of  water  conveyed  by  it  into  the 
cavity  xop  may  be  sufhcieiit  to  611  it  up  lo  gPT ;  and  stv 
may  be  of  such  a  size  at  to  empty  it,  during  the  time  of 
ebb.  It  is  easy  to  apply  this  Tcaioning  to  more  compli- 
cated cases,  where  several  reservoirs  and  jiphoos  commu- 
nicating with  each  other,  may  supply  springs  with  circum- 

are  either  such     stances  of  greater  vanety.     See  Mussc  hen  brock's  Inirod. 

uchas  run  only    ad  Phil.  Nat. torn. ii.  pa.  1010.  Dcaagu.  I%xp.  Phil,  vol.iiipa. 


l73,&c.And  NicholsonUPhilos.  Journal,  v.35,p.  ]78,&c. 
Weshall  here  observe,  that  Dcsaguliers  calls  those  reci- 
procating springs  which  How  constantly,  but  with  a  stream 
subject  lo  increase  and  decrease;  and  thus  he  distinguishes 
them  from  intermitting  springs,  which  flow  or  slop  alter- 


In  order  to  acc'iunt  for  thesf  ditTerences.in  springs,  let  oately.     It  is  said  that  in   the  diocese  of  Paderborn. 

ABCDC   (&g.3,  pl>33)   represent   the  declivity   of  a   hill,  Westphalia,  there  is  a  spring  which  disappears  after  twen- 

along  which  ihc  rain  descends;  pa^ising  through  the  fis-  ty-foor  hours,  aucf  always  returns  at  the  end  of  sis  hours 

suresur  channels  bf.  cc,  rh,  and-uc,  into  the  cavity  or  with  a  great  noise,  and  with  so  much  force,  as  to  turn  threo 

reservoir  fohkui  ;  from  this  cavity  lei  there  be  a  narrow  raills/  not  far  from  its  source.     It  is  called  the  Bolderbom, 

drain  or  duct  KE,  which  discharges  thic  water  at  E.     As  or   boisterous  spring.     Ptiil.  Trans,  No.  7.     There  are 

the  capacity  of  the  reservoir  is  supposed  to  be  large  in  pro-  many -springs  uf  an  extraordinary  nature  in  ourowncoun* 

portion  to  that  of  thedmin,  it  will  furnish  a  constant  sup-  try,  which  it  is  needless  to  recite,  as  they  are  explicable  by 

ply  of  water  to  the  spring  fit  e.     But  if  the  reservoir  the  general  principles  already  illustrated. 

ill,  and  the  drain  large,  the  water  con-  Spaixo,  fir-,  in  Astronomy  and  Cosmography,  denotes 


tained  in  the  former,. onless  it  is  supplied  by  rain,  will  be 
wholly  discharged  by  the  latter,  and  the   spring  will  be- 
come dry:  and  so  it  will  continue,  even  though  it  rains, 
till  the  water  has  had  time  to  penetrate  through  the  ^rth, 
or  to  pass  through  Ihe  channels  into  the  reservoir;  and 
the  time  necessary  for  furnishing  a  new  supply  to  the 
drain  he  will  depend  dnthe  size  of  tbe  Rssures,  the  nature     the 
of  the  soil,  and  the  depth  of  the  cavity  with  which  it  com-     son 
municates.    Hence  it  may  happen,  that  the  spring  at  e  may     the 
remain  dry  Cor  a  considerable  time,  and  even  while  it     least 


of  the  seasons  of  the  year ;  commencing,  in  the  north- 
ern parts  of  the  earth ,  on  tbe  day  the  sun  entera  the  first 
degree  of  Aries,  which  is  about  the  S  1st  day  of  March,  and 
ending  when  the  sun  enters  Cancer,  at  the  summer  solstice, 
about  the  Sistofjune;  spring  ending  when  the  summer 
begins.     Or,  more  strictly  and  generally,  for  any  part  of 
the  earth,  or  on  either  side'of  the  equator,  the  spring  sea- 
begins  when  the  meridian  altitude  of  the  sun,  being  on 
medium   between  the  greatest  and 
and  ends  when  the  meridian  altitude  is  at  the  great- 


reins ;  but  when  the  water  has  found  its  way  into  the  ca-  est.  Or  the  spring  is  ihe  season,  or  time,  from  tho  mo- 
vity  of  the  hill,  the  spring  will  begin  to  run.  Springs  of  ment  of  the  sun's  crossing  the  equator  till  he  rise  to  the 
tiii>kii)d,it  ia  evident,  mi.y  be  dry  in  wet  weather,  eipe-    greatest  height  above  it. 
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Khar  SpRina,  iu  Pfaytics,  dcnolcs  a  natural  ftculty, 
or  BodeawMit',  of  ceruin  bodiei,  to  return  to  ibeir  fir^t 
itate.  ftfioT  having  bi«ii  violently  put  out  of  the  same  by 
coiupreaiio^  or  bending  then,  or  the  Like.  Thit  faculty 
ii  usually  called  hy  philofophcnt  eleitic  force,  or  eia»- 
ticity. 

Spkixo.  in  Mechanics,  ii  atei  Xo  tiguify  «  body  of  any 
■hape,  perfectly  elaatic,  or  nearly  aa. 

Elatticiiy  qfa  Spriho.     See  is^LAsricrrr. 

Length  qfa  SrmiKft,  may,  from  it*  atymology,  lignify 
the  length  of  any  elaitic  body  ;  but  it  is  particularly  uied 
by  Dr.  Jurin  to  ugnify  the  greateit  lenf;th  to  uibich  a 
■priag  can  be  forced  iawtrdstordniufn  outiTHrdi,  without 
piejndice  to  in  claiticity.  He  ofaaenre«,  tbii  would  be  the 
whole  length,  irerc  the  spring  considered  as  ■  roatbematical 
line  ;  hut  in  a  material  spring,  it  u  tbe  difference  between 
the  whole  length,  when  the  spring  it  ia  its  natural  ului^ 
tioB,  or  tbe  HtHation  it  will  rest  in  when  not  ditturbed  by 
any  extettMJ  force,  and  the  length  or  apace  it  takes  up 
when  wholly  oompresied  and  closed,  or  when  drawn  out. 

Smgth  or  Force  q^a  Spkixo,  ia  used  for  tlie  force  or 
Weight  which,  when  the  spring  ii  wholly  compnwsed  or 
eloaed,  wUl  just  prevent  it  from  nnbending  itself.  Alto 
the  force  of  a  spring  partly  bent  or  closed,  is  the  force  or 
weight  which  is  just  sulficient  to  keep  the  spring  in  that 
■tat«,  by  preventing  it  from  unbendii^  itself  any  farther. 

The  theory  of  ipriDgB  is  founded  on  this  principle,  ut 
inlensio,  sic  vis  :  that  is,  ibe  intensity  is  as  the  compreHing 
force  ;  or  if  a  spring  be  any  wriy  forced  or  put  out  of  iu 
natural  situation,  its  resistance  is  proportional  to  the  apace 
by  which  it  is  removed  from  that  situation.  This  princi- 
ple has  beea  verified  by  the  experiments  of  Dr.  Houke, 
and  since  him  by  thos«  of  others,  particularly  by  tbe  ac- 
cural* hand  of  Mr.  George  Grabam.  Lectures  De  Po* 
tentia  Reslitutiva,  iGjS, 

For  elucidating  this  principle,  on  which  the  whole 
theory  of  spria^  dependx,  suppose  a  spring  cl,  resting  at 
I.  against  any  iramovcable  mpport,  but  otherwise  lying  in 
its  natural  situation,  and  at  fall  liberty.  If  this  spring  be 
pressed  inwards  by  any  force  p,  or  froA  c  towards  l, 
through  the  space  of  one  inch,  ai»d  can  be  there  detained 
by  that  fbroe  p,  the  resistance  of  the  spring,  and  the  force 
p,  exactly  countcrbalaocing  each  other;  then  will  the 
doable  force  2p  head  the  spring  through  tbe  space  of  a 
inches,  and  Ibe  triple  force  Sf  throngh  S  inches,  and  the 
quadruple  force  ^  through  4  inches,  and  so  on.  The 
■pace  ct  through  which  the  spring  is  bent,  or  by  which 
in  end  c  is  removed  from  its  natural  wtvation,  being  al- 
ways proportional  to  tbe  force  which  will  bend  it  so  far, 
and  will  JQtt  deuin  it  when  so  beat.  On  the  other  hiLtid, 
if  the  end  C  be  drawn  outwards  to  any  place  A,  and  be 
than  detained  from  returaii^  beck  by  any  force  ^,  the 
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space  c>^  through  which  it  is  so  drawn  outwards,  will  be 
aiso  proportional  to  (he  force ^,  which  is  juitt  abio  to  re- 
IMH  it  iu  thiit  situation. 

It  may  here  be  observed,  that  the  spring  of  the  air, 
or  its  elaMic  force,  is  a  power  of  a  different  nature,  and 
governed  by  difterent  laws,  from  that  of  a  palpable  rigid 
spring.  For  supposing  the  line  lc  to  represent  a  cylin- 
drical volume  of  air,  which  by  compressiun  is  reduced  to 
lI,  or  by  dilation  is  exteitiled  to  lA,  its  elastic  forci.'  uill 
be  reciprocally  as  lI  or  l^  ;  wliertas  the  force  or  rosisluncc 
of  a  spring  is  dirM;ily  as  c/  or  c^- 

Tl)il  principle  b«ing  preiuised,  Dr.Jurin  lays  dowii 
a  general  theorem  Concerning  the  action  of  a  body  striking 
on  one  end  of  a  spring,  while  the  other  ind  is  supposed 
to  rest  againaE  an  immoveable  supporL  Thus,  if  a  spring 
of  the  strength  p,  and  the  length  cl,  a. 
lying  at  full  liberty  upon  an  bori- 
aontal  plane,  rest  with  one  end  l 
against animmoveable support;  and 
a  body  of  the  weight  si,  moviog 
with  the  velocity  T,  ia  the  direction 
of  tlie  axis  of  the  spring,  strike  di>  c*- 
rectjy  on  the  other  end  c,  and  to  force  Ibe  spring  iuwarda, 
or  bend  it  through  any  space  cb;  and  if  a  mean  propor- 
tional CG  be  taken  between  —  x  cl  and  2a,  where  a  de- 
notes the  height  to  which  a  body  would  ascend  in  vacuo 
with  the  velocity  v ;  and  further,  if  upoti  the  radius  u  a: 
CO  be  described  the  quadrant  of  a  circle  at  a  -.  then, 

1.  When  tbe  spring  is  bent  through  tbe  right  sine  caof 
any  arc  qf,  tbe  velocity  v  of  the  body  h  is  to  the  original 
velocity  v,  as  tbe  cosine  ar  it  to  tbe  radius  cg  ;  that  is 
e  :  T  :  :  HP  :  CO,  or  p  =  —  x   r. 

2.  Tbe  time  (  of  bending  the  spring  through  the  same 
sine  CB,  is  to  t,  the  time  of  a  heavy  body's  aticending  in 
vacuo  with  the  velocity  f,  as  tbe  corresponding  arc  is  to  - 
Sa  i  that  ii  (  :  T  :  :  GP  :  Sa,  or  (  =  — .  X   t. 

The  doctor  gives  a  demonstration  of  this  theorem,  and 
deduces  a  great  many  curious  corollaries  from  it;  which 
he  divides  into  three  classes.  The  £[st  contain*  such  co- 
rollaries as  are  of  more  particular  use  when  the  spring  it 
wholly  closed  before  the  motion  of  the  body  ceases :  the 
second  comprehends  those  relating  to  the  case,  when  the 
motion  of  the  body  ceases  before  the  spring  is  wholly 
closed :  and  the  third  when  the  motion  of  the  body  ceases 
at  the  instant  that  the  spring  is  wholly  closed, 

3.  We  shall  here  mention  some  of  the  last  class,  aa 
being  the  most  simple;  having  fint  premised,  that  F  s 
die  strength  of  the  spring,  i.  ^  its  length,  t  ^  the  ini- 
tial velocity  of  the  body  closing  tbe  spring,  3f  bc  its  mass, 
t  =  time  spent  Ity  the  body  in  closing  the  spring,  a  ^ 
height  froH  which  a  heavy  l^ody  will  M]  in  vacuo  in  a 

'  second  of  time,  a  as  the  height  to  which  a  body  would 
ascend  in  vacuo  with  the  velocity  T,  c  s  the  vdocity 
gained  by  the  fall,  n  se  Ibe  circumference  of  a  circl^ 
whose  diameter  b  1.  Then,  the  aiotioa  of  the  striking 
body  ceaang  when  the  spring  ia  wholly  doscd,  il  will  ha, 
lat,  Sd,  and  3d, 


C^  - — ;  v(  = 


1";  Mv    s±  W^;  the 


4.  If  a  quantity  of  motion  mv  bcs'd  a  ^tittg  through 
ita  wbule  length,  aad  be  ittuvyti  h^  it;  ■•  atbct  quan* 


Dy-zecDyVjUO^Lt: 
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lily  of  molion  t^ual  to  the  former,  u  mm  k  -,  will  clow 
(lie  same  spring,  and  be  wholly  destroyed  by  It.— 5.  But 
a  qtianiityof  niotiun,  greater  or  Icm  than  uv,  in  any  given 
ratio,  may  close  ifaL'  same  spring,  and  be  wliolly  dettroyed 
incloHngii;  and  the  timetponi  in  closing  the  spring  will 
be  respectively  greater  or  Ii'Si,  in  the  tame  given  ratio.-— 
6.  The  initial  vis  viva,  or  Mv' is  "=  -p-;  and  2aM  si  pl; 
also  the  initial  vis  viva  is  m  the  rectangle  under  the  length 
and  strength  of  the  spring;  that  is,  mvMs  as  pl. — J.  If 
the  vis  vivH  h  v*  bend  a  spring  through  its  whole  length, 
and  be  destroyed  in  closinf;  it;  any  other  vis  viva,  equal 
to  the  former,  as  n'ic  k  -;,  will  close  the  tame  spring, 
and  be  destroyed  by  it.— 8.  But  the  time  of  doing  the 
spring  by  vis  viva  b'm  «  -7,  will  be  to  the  lime  of  clos- 
ing it  by  the  vis  viva  Mv»,  untol. — 9.  Ifthevitviva 
Mv'be  wholly  consumed  in  closing  a  spring,  of  the  length 
t,  and  strength  f;  then  ihe  vis  viva  a*uv*  will  be  suffi- 
cient .  to  dust',  1st,  Either  a  spring  ui  the  length  l  and 
strength  ii'p.  2d,  Or  a  spring  of  the  length  nL  and 
strength  nP.  3d,  Or  of  the  length  a'L  and  strength  P. 
4th,  Or,  if  n  be  a  whole  number,  the  number  a'  of  springs, 
each  of  the  length  l  and  strength  p.— It  nay  be  added, 
that  it  appears  from  hence,  thai  tbe  number  of  similar 
and  equal  springs  a  given  b«dy  in  motion  can  wholly  close, 
is  always  prupomonal  to  the  squnres  of  the  velocity  of 
that  body.  And  it  ia  from  this  principle  that  the  chief 
argument,  to  prove  (hat  the  fore*  of  a  body  in  motion  is 
as  ibe  square  of  its  velocity,  ii  deduced.     See  Fohck. 

The  theorem  given  above,  and  its  corollarin,  will 
equally  hold  ^ood,  if  the  spring  be  supposed  to  have  been 
at  iru  bent  through  a  certain  space,  and  by  unbeading 
itself  to  prpM  upon  a  body  at  rest,  and  thus  to  drive  that 
.  body  before  it,  during  the  time  of  its  axpansion :  only  ▼, 
insteud  of  I>eing  the  initial  velocity  with  which  the  body 
struck  the  spring,  will  now  be  tbe  final  velocity  with 
which  the  body  parts  from  the  spring  when  totally  ex- 
panded. 

It  may  also  be  observed,  that  the  theorem,  (ic,  will 
equally  hold  good,  if  the  spring,  instead  of  being  pressed 
inward,  be  drawn  outward  by  the  action  of  the  body. 
The  like  may  be  said,  if  the  spring  be  supposed  to  have 
been  already  drawn  outward  to  a  certain  length,  and  in 
restoring  itself  draw  the  body  after  iL  And  lastly,  the 
theorem  extends  to  a  spring  of  any  form  whatever,  pro- 
vided L  be  the  greatest  length  it  can  be  extended  to  from 
its  natural  situation,  and  p  the  force  which  will  confine  it 
to  ibat  length.  See  Philoi.  Trans- .  num.  472,  sect.  10, 
or* vol,  43,  art.  10. 

SpaiRG  is  more  particularly  used,  in  the  Mechanic 
Arts,  for  a  piece  of  tempered  steel,  put  into  various  ma- 
chines to  giv^  them  motion,  by  the  endeavour  it  makes  to 
unbend  itself.  In  watches,  it  is  a  fine  piece  of  well-beatea 
steel,  coiled  up  in  a  cylindrical  cue,  or  frame;  which  by 
stretching  itself  forth,  gives  motion  to  the  wheels,  &c 

Spring  Arbor,  in  a  Watch,  is  that  part  in  the  middle 
of  the  spring-box,  about  which  the  spring  is  wound  or 
turned,  and  to  which  it  is  hooked  at  one  end, 

Sprikb  Box,  in  a  Watch,  is  the  cylindrical  case,  or 
frame,  cuntairung  within  it  the  spring  of  the  watch, 

^PRiKO  Congiauet.    See  Compabsei. 


Spkiro  of  ike  Air,  or  its  elastic  force.    See  Ais,  and 
Elasticity, 
■     StKiHQ'Tida,  arc  the  higher  tides,  abont  the  times  of 
the  new  and  full  moon.     See  Tide. 

SpKiycr,  or  Elatlic  Bo^,     See  Elastic  Bo<^. 

SQUaRI^  in  Geometry,  a  quadrilateral  figure,  whose 
angles  are  right,  aad  sides  equal.  Or  it  is  an  equilateral 
rectangular  parallelograni-  A  square,  and  indeed  any 
other  parallelogram,  is  bisected  by  its  diagonal;  but  the 
side  of  a  square  is  incommensurable  with  its  diagonal, 
being  in  the  ratio  of  I  to  ^2. 

Tojind  the  Areacfa  SqruAaE.  Multiply  the  side  by 
itself,  and  the  product  is  the  area.  So,  if  the  side  be  10, 
the  area  is  100;  and  if  the  side  be  13,  the  area  is  144. 

SfiUA&E  Foot,  is  a  square  each  side  of  which  is  equal 
to  a  foot,  or  13  inches ;  and  the  area,  or  square  foot  is 
equal  to  144  square  inches. 

Geometric^  Square,  a  compartment  often  added  on 
the  face  of  a  quadrant.    See  Line  of  Shadows,  and  Qua- 

OaANT. 

Gmner'i  Squase.     See  Qdadravt. 
Maific  Square.     See  Maqic  Square, 
Square  Mtawnrei,  the  squares  of  the  lineal  mcasurM; 
as  in  the  following  table  of  square  measures : 


Squ*.  Inch«. 

Sq.F«t. 

Sq.  Y.«li.  Sq  Pol«.lS.a».|\o«..|Bq*«*. 

ISM 

«9SM 

M7a64 

9»7»MO 

4OI448M0O 

9 

ajDj 

43i6 

4SJ«0 

S7SJ84O0 

48«0               ISO 
.1097600      lOtSpO 

6400]  640 

JVortnaf  Square,  is  an  instrument,  made  of  wood  or 
metal,  serving  to  describe  and  measure  right  angles  i  sucb 


ened 
pendiculi 
When 
legs 

called 


itBC.     It  con-  ^ ~-.,^.^^ 

:b  of  two  rulers  Yt/"'''^  ^''\ 

branches  fast-  /^fc^..  \ 

;d  togetherper-  /j^^^^^^k.  \ 

idicularly.—  Im         ^^^^^  \ 

len     the     two        Am  ^^^^^^   \ 

s  are  moveable       dW— ^.       ■    ■    ■— — jl^^^^ 
a  joint,  it  is       K  ^^^f 

led  a  bevel,—      'k  ** 

To  examine  whether  the  square  be  exact  or  not.  De- 
scribe a  semicircle  dbe,  with  any  radius  at  pleasure;  ia 
the  circumference  of  which  apply  the  angle  of  the  square 
to  any  point  ai  s,  and  the  edge  of  one  leg  10  one  end  of  tbe 
diameter  as  J>,  tlien  if  the  other  leg  pass  just  by  the  other 
extremity  at  e,  the  square  is  true ;  otherwise  not. 

Squark  yamier,  is  the  product  arising  fram  a  nuniber 
multiplied  by  itself.  Thus,  4  Is  the  squara  of  2,  and  I8 
the  square  nf  4. 

The  scries  of  square  integers,  is  1,  4,  9,  16.  2j,'3fi,  ^c; 

which  are  the  squares  of    •     1,  2,  3,    4,    5,  *€,  &c. 

Or  the  square  fractions  .  -     -    J,  4,  Ai»f  H*  If  *•=, 

Which  are  the  squares  of    -     I,  y,  i>    4>    »    t>  &«. 

A  square  number  is  so  called,  3 

uther  be(»use  it  denotes  the  area 

of  a  square,  whose  side  is  expressed 

by  the  root  of  the  square  number; 

as  in  the  annexed  square,  whick 

consists  of  9  little  squares,  the  side 

being  equal  to  3  ;  or  else,  which  is 

much  Uie  same  thing,  because  the 

points  in  the  number  may  be  ranged 
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-in    the  /orra  of  a  squsre,  by   making  the       .     .     . 
rout,  or  factor,  the  side  of  it,  thus,  .     ,     .      ' 

Some  properties  of  squares  are  at  follonr : 
1.  Of  the  ... 

Natural  serin  of  squares,         I*,  ^,  S*,  4*  ,  &c, 
which  are  equal  to  I  ,  4  ,  9  ,  l€  ,  Sec; 

The  mean  proportional  imi  between  any  two  of  these 
squares  m'  and  n*,  is  equal  to  the  li'ss  square  plus  its 
root  miilliplieil  by  the  difference  of  the  roots;  ur  also 
equal  to  the  greater  square  minus  its  root  multipticil  by 
the  said  difference  of  the  roots.  That  is, 
nm  ^  VI?  +  dm  =  n*  —  dn; 
where  d  =  n  —  m  is  the  difference  of  their  roots, 

2.  An  arithmetical  mean  betrfceo  any  two  squares  n? 
and  n',  exceeds  thei  r  geometrical  mean,  by  half  the  square 
of  [he  difference  of  their  roots. 

That  is,  ioi'  +  in'  =  irm  +  \d*. 

3.  Of  three  equidistant  squares  jii  the  series,  the  geome- 
trical mean  between  the  extremes,  is  Icsnthan  the  iuiddle 
iquare  by  the  square  of  their  common  distance  in  the  se- 
ries, br  of  the  coromon  diSerence  of  their  roots. 

That  is,  mp  =  m*  —  d"; 
where  m,  n,  p,  are  in  arithmetical  progression,  the  com- 
mon difference  being  d. 

4.  The  difference  between  the  two  adjacent  squares 
itP,  and  «',  is  nt  -  ««  =  2m  +  1 ; 
in  like  manner,  />•  —  »»  =  2n  +  I,  the  difference  be- 
tween the  next  two  adjacent  squares  n*  and  p*;  and  so 
on,  for  the  next  following  squares.  Hence  the  difference 
of  these  diffirencej.nr  the  second  difference  of  the  squares, 

'  U  2ii  — 2m  =  2X  (»— m)  =  2  only,  because  »  —  nt 
^  1 ;  that  is,  the  second  differences  of  the  squares  are 
each  the  same  constant  number  2:  therefore  the  fii^t 
differences  will  be  found  by  the  continual  addition  of  the 
-number  2;  and  then  the  squares  themselves  will  be  found 
by  the  continual  addition  of  the  first  differences;  and 
thus  the  whole  series  of  tquarei  is  constructed  by  addi- 
tion only,  as  here  below : 

3d  Diff.  3       2       2       2       3       2     &c. 

'  IsiDiff.    I       3       5       7       9     II     13     &c. 

Squares     1       4      9     16     25     36     49     &c. 

And  this  method  of  constructing  the  table  of  squai:c 

numbers  was  first  noticed  by  Pctctarius,  in  his  Algebra. 

5.  Another  curious  property,  also  noted  by  the  same 
'author,  is,  that  the  sum  of  any  number  of  the  cubes  of 
the  natural  scries  1,  2,  3,-4,  &c,  tnhen  from  the  begin- 
ning,'always  makc'i  a  equare  number ;  and  that  the  series 
of  squares,  so  formed,  have  for  their  roots  the  numbers 

1,  3,  6,  10,  15,  21,  &c, 
thediffs.  of  which  are  1,  Z,  3,     4,     5,     6,  &c. 


from  S  to  II ;  that  is,  no  number  contained  in  any  one 
of  these  Conns  can  be  a  square. 
Table 
Of  the  impombU  Forms  far  sguare  mmber». 


Modulus. 

Modal,  t. 

ModDlDl  ft. 

31"  ±  ajn- 

2l»   ,   ijn' 

21'  w«  Ajn' 

31'  ±  3p« 

3i<  ±  tfi- 

31*  -  59«' 

5I>  ±  3j~' 

61'  -  45»' 

71"  -  ip' 

8/'  ±  3j«' 

71"  ±  ir'' 

8H  ,  i9n' 

ri.'  ±  3,»' 

10i»  *  49»i' 

121'  *  Sjn' 

14(«  ±  35n' 

111"  ±  4511" 

131'  *  59it' 

GcDFn]  Fomu. 

GoDOnt  Funu. 

Gosenl  Form. 

(3p+2)l'±6,n' 

(4p±2)l",4^> 

(5p  ±  2)1'  *  59»' 

Sff  ±  3yi' 

C4P*311«  ±  4^' 

M.«lulu.6. 

Modolm  8. 

!<■  ±  61.' 

SI-  ±  7j«> 

2l>  ±   89.' 

51'  ±  6^' 

51'  ±  7,nf 

31'  ±  8,.' 

«•  ±  6,»' 

61"  ±  7,^ 

Jl-  ±  «»«• 

81'  ±  69»' 

101'  ±  7?.' 

61'  ±  8?»« 

lit'  ±  69»' 

121>  ±  7^' 

101'  ±  S9»' 

141'  ±  6,n' 

131=  ±  79«' 

111-  ±  89.' 

Gcnml  Fotau. 

GeoonlFoim.. 

Gcntnl  Foimi. 

(3;*2)i'  ±  6}i 

(7p*3)l>±7,.' 

(8P±2)I'  ±  89n' 

3pe  +  6j» 

^7p-^i)l•±79•■' 
(7p*6)i'  ±  7«»< 

C8ji±3)l'  ±  8911' 

ModulmO. 

MoJolo.  10. 

Mldolus   1>. 

SI'  ±  99«' 

21'  ^    lOjn* 

21*  ±    119"' 

31'  -.  9«"' 

31*  -    109/1' 

&>  ±   11«.' 

«•  ±  S?"' 

71'   -    IO91.' 

71=  ±    1I9»' 

6i'  -  9r' 

fii'  *    lO^n' 

8K  ±   1 1,«« 

81-  ±  li™- 

121'  *    10911' 

I0i«  d;  119»* 

111'  ±  9K 

131'  -    I09n' 

131*  ±   lljn* 

Gei»r.lF,.mH. 

Geoenl^Fonu. 

(9P-H)"±9,«' 

C5p±«)H-.10}»' 

(Up-^2)f±  I19,' 

(W±3)"  -  9j»' 

Cllpt6)l'±119"' 

&o 

8,c 

■ris,   1* 


•  1'. 


1»     ;<-     2*    =     3*, 

1»  -K  2*  +  3'  =  6", 

1'   +   2'  +  3'  -*-  4*=  TO';  and  in  general 

1'   ■+.    2=   -t-   3*   +  n'  =  (l-*-2  +  3-.-n)«  =  Jn(n  +  l); 

where  n  is  the  number  of  the  terms  or  cubes. 
6.  Every  odd  square  number, 

aremainderl.  Or  every  odd  squi 


7.  Every  even  square  is  of  the  form  4n.  Therefore  no 
number  ot*^! he  form  4n-i-2,  or4n+3,  is  a  square  number, 

8.  No  number  of  the  form  2i*  ±  3n*,  can  be  a  square. 
No  number  of  the  form  Zt'^vjn'  can  be  a.  square.  The 
following  table  shows  many  of  the  impossible  forms  for 


In  this  table  it  is  only  necessary  to  remark  that  q  miut 
always  be  taken  prime  to  the  modulus. 

Square  Root,  a  number  considered  as  the  root  of  a 
second  power  or  square  number:  or  a  number  which 
multiplied  by  itself,  produces  the  given  number.  See 
Extraction  of  Roots,  and  also  the  article  HooT,  where 
tables  of  squares  and  roots  are  inserted. 

r.  Square,  or  r«  Square,  e 
an  instrument  used  in  drawing, 
so  called  from  its  resemblance  to 
the  capital  letter  T.  This  instru- 
ment consists  of  two  straight 
rulers  ab  and  cd,  fixed  at  right 
angles  to  each  other.  To  which 
divided  by  8,  leaves  is  sometimes  a<lded  a  third  ef, 
if  the  form  811+  1.     moveable  about  the  pin  c, 


ike  any  angle  with  CD.— 
It  is  very  useful  for  drawing  paral- 
lel and  perpendicular  lines,  on  the 
face  of  a  smooth  drawing-board. 
SQUARED-Jfluore,  Squared" 


square  number,  erntoged  according  to  every  modulus    ciAe,  Stc    See  Power. 
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SQUARING.     8m  QuADEATURE.  ^TATF,  Almucaniat't,  Augural,    Back,    Croa,    Pore, 

Sqifakins  tke  Circle,  n  ibe  making  or  finding  a  square     Offset,  Ife.     See  these  several  articles. 


whose  area  shall  be  equal 
best  inathi 


they  c 


wliateve 


that  of  a  ipven  circlf.  The 
ot  yet  been  able  to  resolve 
Eely,  and  poHiaps  never  will.  But 
e  tu  any  proposed  degree  of  approxi- . 
or  instance,  so  neur  as'  not  to  err  io 
much  in  the  area,  as  a  grain  of  sand  would  cover,'  in  a 
circle  whoso  diameier  is  equal  to  that  of  the  orbit  of  Sa- 
turn. The  following  proportion  is  near  enough  ibe  truth 
for  any  real  use,  vii,  as  1  is  to  ■S&62-26i)2,  so  is  the  dia- 
meter uf  any  circle,  to,  the  side  of  the  sqaare  of  an  equal 
area.  Therefore,  if  the  diameter  of  the  circle  be  culled 
rf,  and  the  siJe  of  the  equn!  square  » ; 

then  is  s  =  ■SBti226g2d  =  JJi  nearly, 
and-     d  =  ■       =?  jj*  nearly. 

See  Circle,  Diauetek,  and  Quadrature. 

STADIUM,  an  ancient  Greek  long  measure,  said  to 
Contun  125  geotnetrical  paces,  or  625  Roman  feet ;  cor* 
responding  to  oor  furlong.  Eight  stadia  make  a  geoinc- 
trical  or  Roman  mile;  and  20,  according  to  Dacicr,  a 
French  league :  but  according  to  others,  800  stadia  make 
411-  leagues. — Guilletiere  observes,  that  the  stadium  was 
only  600  Athenian  feet,  which' amount  to  625  Itomsn,  or 
566  French,  or  60*  English  feet:  so  ihat  the  stadium 
•hould  have  been  only  113  geometrical  paces.  It  must 
be  observed  however,  that  the  stadium  was  different  at 
dtlferent  times  and  places. 

Thus,  according  to  the  me.asutes  of  Hipparchus,  769  the  same  di 
,9tades  make  a  degree  on  a  great  circle  of  thp  earth,  or 
about  Hi  to  the  English  mile.  By  the  result  of  Pto- 
lemy's measures  7l6{  ttades  make  a  degree,  or  lOf  en 
English  mile.  According  to  Vernon,  Stuart,  and  Chand- 
ler, all  of  whom  measured  it,  the  Panathenasan  stade  was 
.  lather  more  than  600  Greek  feet  in  length. 


STANLEY  (Thomas),  f.  r.  s,  a  learned  writer,  son 
of  Sir  Thomas  Stanley,  tif  Hertfordshire,  died  in  WeW- 
minster-  April  12,  1678.  He  studied  at  Pembroke  Hall  • 
in  the  university  of  Cambridge,  with  great  crodtt, 
where  he  {ook  (he  degree  of  a.  m.  i640,  after  which  he 
went  on  his  iravi-ls.  On  his  return  he  entered  uf  ihc 
Middle  Temple,  but  did  not  follow  the  Uw.'  He  was  one 
of  the  early  fellows  of  the  Royal  Society,  being  elected 
in  July  l66l,aml  was  esteemed  a  very  learned  and  woiihy 
member.  He  edit|;d  some  of  the  ancient  classics,  with 
notes  ;  and  published  several  ingenious  po^ms  of  his  own, 
as  well  as  some  translations.  But  the  work  on  account 
of  which  he  claims  a  place  in  this  Dictionary,  is  his 
History  of  Philosophy  and  Lives  of  Philosophers,  in 
folio.  This  was  first  published  in  3  parts,  in  I6'55, 
I6dl5,  anil  l66o.  And  in  l662  came  out  bis  Cbalduic 
Philosophy  aUo. 

STAB,  Strlla,  in  Astronomy,  a  geserhl  name  for  all 
the  heavenly  bodies.  The  stars  are  distinguished  into 
fixed  and  Erratic  or  wandering. 

Erratic  or  Pandering  Staus,  arc  those  which  arc  con- 
tinually changing  their  places  and  distancd,  with  n^rd 
to  each  other.  These  are  what  are  properly  called 
planets.  Though  to  the  same  class  may  likewise  be  re- 
ferred comets  or  blazing  stars, 

Tiled  Stabs,  called  also  barely  Stars,  by  way  of  emi' 

nence,  are  those  which  have  usually  been  observed  tukeep 

nee,  with  regard  to  each  other.     The  chief 

observable  in  the  fixed  stars,  are  their  di- 

stance,  magnitude,  number,  nature,  and  motion.    . 

Diitance  cf  the  Fixed  Stars.     The  iixed  atari  are  so 
extremely  remote  from  us,  that  we  have  no  distances  in 
tbd  planetaiy  system  to  compare  to  them.     Their  im- 
mense distance  appears  from  hence,  that  they  have  no 
Greek  foot  is  to  the  English,  as  107'29  to  100;  there-     sensible  parallax  ;  that  is,  that  the  diameter  of  the  earth's 
fore  the  length  of  that  stade  was  abgut  604  English  feet,     annual  orbit,  which  is  nearly  19O  millions  of  miles,  bean 


or  di  nearly  Fanathean  stades  were  equal  to  an  Engli 
mile.— For  an  interesting  disquisition  on'  the  difibrent  kind) 
of  stades,  see  the  Quarterly  Keview,  vol.  5,  p.  278  &c. 
■    Eratosthenes,  in  his  measurement  of  the  earth,  makes 
the  circumference  of  it   equal  to  90,000,800  stadia,  or 
one  degree  equal  to  250,000  sUdia.    Now  if  in 
tuation  we   make  use  of  the  Egyptian  stadium 
'  which  make  3034  toises,   we  shall  have  for  thi 
of  the  degree  about  35,000  toises,  which  is  too  little  by 
the  modem  measurement,    its  true  length  being  about 
57050  toises.  v 

The  Olympic  stadium^  it  is  said,  wa»  about  94  feet  3 

inches  French  measure;  anij  supposing  this  to  have  been 

that  employed  by  Eratosthenes,  we  sho\ild  have  for  the 

length  of  a  terrestrial  degree  65625  toises,  which  is  much 

.   too  great. 

It  follows  therefore,  either  that  we  are  unacquaint- 
ed with  the  true  length  of  the  stadium,  at  least  that  em* 
-  ployed  by  Eratosthenes,  or  that  this  celebrated 
astronomer  was  much  deceived  in  his 
of  those  are  probable;  and  perhaps 
stadia,  which  are  mentioned  by  difibr 
a  great  measure  the  result  only  of  tbe 
thus,  M.  Picartl,  after  supposing  this  n 
tMthenes  to  be  exact,  thence  deduces  ihe  val 
stadium,  making  it  equal  to  51  toises  10  inches. 

Vol.  U. 


no  sensible  proportion  to  their  distant 

Mr.  Huygens  (Cosmotheor.  lib,  A)  attempts  to  deter- 
mine tbe  distance  of  the  stars,  by  making  the  aperture  of 
a  telescope  bo  small,  tLat  the  sun  through  it  appears  no  . 
larger  than  Siriua;  which  he  found  to  be  only  as  1  to 
27664  of  his  diameter,  when  seen  with  the  naked  eye. 
60  of  So  that,  were  the  sun's  distance  27,664  times  as  much  as 
length  it  is,  it  would  then  be  seen  of  the  same,  diameter  with 
Sirius.  And  hence,  supposing  Siiius  to  be  a  sun  of  the 
same  magnitude  with  our  sun,  the  distance  of  Sirius  will 
be  found  to  be  27,664  times  the  distance-  of  the  sun,  or 
345  million  times  the  earth's  diameter. 

Dr.  David  Gregory  investigated  the  distance  of  Sirius 
by  supposing  tt  of  the  lame  magnitude  with  the  sun,  end 
of  the  same  apparent  diameter  with  Jupiter  in  opposi* 
tiun:  as  may  be  seen  at  large  iu  bis  Astronomy,  lib.  3, 
prop.  47. 

Cassini  (Mem. Acad.  17l7)>  by  comparing  Jupiter  and 
Sirius,  when  viewed  through  the  same  telescope,  inferred, 
irement:  both     that  the  diameter  of  that  planet  was  10  times  as  great  as 
of  the  other     thiit  uf  the  star ;  and  the  diameter  of  Jupiter  being  iO", 
iiibors,  are  in     he  concluded  that  the  diameter  of  Sirius  was  about  5"; 
supposing  then  tbe  real  magtiilude  of  Sirius  to  be  equal  to 
that  of  the  sun,  and  the  distance  of  the  lun  fmm  ui 
12,000  diameters  of  the  earth,  and  the  apparent  diame- 
ter of  Sirius  being  to  that  of  the  sitn  as  1  to  364,  the 
SK 


imagination : 
of  Era- 
of  the 
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'  distance  of  Sirius  becomes  equal  to  i,608,0O0  dianKters     Howe^or,  Mr.  Micbelt  suggests,  thnt  it  it  not  impr&cticaUe 
of  the  earth.  to  cunMruct  instruiuciit:>  capable  of  distinguj&bing  even  cu 

These  methods  of  Huygeoa,  Gregory,  and  Cassbi,  are     tbe  SOtb  part  of  a  second,  provided  (he  air  will  adm' 
conjectural  and  precarious;  both  because  tbe  sun  and  ' 

Sirius  are  supposed  of  equal  magnitude,  and  also  because 

'    it  i<i  supposed  the  diameter  of  Sirius  is  determined  with 

'  sufficient  exactness. 

Mr.  Micbell  has  proposed  an  inquiry  into  tbe  proba- 
t)le  parallax  and  magnitude  of  the  lixcd  stars,  fruro  the 
quantity  of  light  which  ihcy  affurd  us,  and  the  peculiar 
circumstances  of  their  siiuatioii.  With  this  view  be  sup- 
poses, that  they  arc,  on  a  medi 
and  natural  brighi 


Accordingly, 
T  nearly  equal 


iiiquire,  what  would  be  the  pi 
to  be  removed  so  far  from  us,  as  to  make 
the  light;  which  we  should  then  receive 
more  than  equal  to  thut  of  the  fixrd  »tars. 
lie  assumes  Saturn  in  oppoiiiion,  as  equal, 
in  light  to  the  brightest  fixed  star.     As  thi 
of  ^turn  from  the  sun  is  equal  to  about  2082  of  the 
sun's  semidiamciers,  the  density  of  Ibc  sun's  light  at  Sa- 
turn will  coiist.'qucnily  be  less  than  at  bis  own  surfnce,  in 
the  ratio  of  the  square  of  2082  or  4,S3V24  to  1 :  if 
Saturn  therefore  reBected  all  the  light  that  falls  upon 
him,    he   womd    be  less   iuminous    in    the    same    pro- 
portion.    And    besides,    bis  apparent  diameter,    in  the 
opposition,  being  but  about  the    I05ih  part  of  that  of 
the  sun,  the  quantity  of  light  which  we  receive  from  him 
must  be  again  diminished  in  the  ratio  of  the  square  of  105 
or  11,025  to  1.     Consequently,  by  multiplying  these  two 
numbers  together,  we  shall  have  the  whole  of  the  light  of 
the  sun  to  that  of  Saturn,  as  the  square  nearly  of  220,000 
or  48,400,000.000  to  I.     Hence,  removing  the  sun  iij 
320,000  times  his  present  distance,  he  would   still  ap- 
pear at  least. as  bright  as  Saturn,  and  hii  whole  paralla.x 
upon  the  diameter  of  the  earth's  orbit  would  be  It-ss  than 
2  seconds :  and  this  must  be  assumed  for  the  pKrallax  of 
the  biighti'st  of  the  fixed  slurs,  on  the  supposition  that 
their  light  does  not  exceed  that  of  Saturn. 

By  a  liLe  computation  it  may  be  found,  that  tbe  di- 
stance, at  which  the  sun  would  afford  us  a:f  much  light 
as  we  receive  from  Jupiter,  is  nut  less  thau  46,000  times 
his  present  distance,  and  his  whole  paraltax  in  that  case,. 
on  the  diameter  of  the  earth's  orbit,  would  not  be  more 
than  9  seconds;  the  light  of  Jupilcr  and  Saturn,  as  seen 
from  the  earth,  being  in  the  ratio  of  about  22  to  f,  when 
they  are  both  in  opposition,  and  supposing  them  to  re- 
flect equally  in  proportion  to  the  whole  of  the  light  that 
falls  upon  them.  But  if  Jupiter  and  Saturn,  instead  of 
reflecting  the  whole  of  the  light  that  falls  upon  them, 
should  really  reflect  only  a  part  of  it,  as  a  4th,  or  a  6ih, 
which  may  be  the  case,  the  above  distances  must  be  in- 
'  creased  in  the  ratio  of  2  or  2)  to  I,  to  make  the  sun's 
light  DO  more  than  equal  to  theirs;  and  bis  parallax 


degree  of  exactness.  This  ingenious  wriicr  appre- 
hends that  the  quantity  of  light  which  we  n'ceivc  from 
Sirius,  does  not  exceed  the  light  we  receive  from  the  leiist 
fl.\ed  star  of  tlie  6ib  magiiiiude,  in  a  greater  ratio  tbaR 
thnt  of  1000  to  1,  nor  leu  than  that  of  400  to  I  ;  and. 
the  smaller  stars  of  the  2d  m;ignitudeseem  to  be  about  a 
mean  proportional  between  the  other  two.  Hence  the 
whole  parallax  of  the  h-sst  fixed  stars  of  the  6ib  mngni- 
Hgnitudc  tude,  supposing  them  of  tbe  sume  size  and  native  bright- 
il  then  proceeds  to     des*  with  the  sun,  should  be  from  about  S"*  to  3'", 


ifhewere     their  distance  from  about  8  to  12  million  times  that 

quantity  of     the  sun :  and  the  parallax  of  the  smaller  sturs  of  [be  'id 

mnsnitudi',  on    the    same  supp^isition,   should   be  about 

12'",  and  their   distairce  ahout  2  milhon  times  thut  o£ 


tlies' 

.  This  author  further  suggests,  thai,  from  the  apparent 
situation  of  tlie  stars  In  the  heavens,  it  is  highly  probablfr 
thai  the  stars  are  collected  together  in  clusters  in  somq 
places,  where  they  form,  systejns,  while  in  others  there  are 
either  few  or  none  of  them ;  whether  this  disposition  he- 
owing  Id  their  mutual  gravitation,  orto  somcother  taw  oe 
appoiiiliiient  of  the  Creator.  Hence  it  may  be  inferred,. 
that  such  double  stars,  &c,  as  api>ear  to  consist  of  two  or 
mare  stiirs  placed  very  neaf  together,  do  really  consist  o£ 
stars  placed  near  tugethcr.and  under  the  influence  of  some 
get>eral  liiw  :  and  he  proceeds  to  inquire  whether,  if  tb& 
tiar-s  be  collected  into  systems,  the  sun  does  not  likewise 
make  one  of  some  system,  and  which  fixed  stars  those  ars 
that  belong  to  the  same  system  with  him.. 

Those  slars,  he  appreljends,  which  arc  found  in  clusters^ 
and  surrounded  by  many  others  at  a  small  distance  from 
them,  belong  probably  to  ether  systems,  and  not  to  ours.. 
And  those  stars,  which  are  surrounded  with  uebule,.ar(] 
probably  only  very  Urge  stars  which,  on  account  of  their 
'superior  magnilu'de,  are  singly  visible,  while  the  Others,, 
which  compose  the  remaining  parts  of  the  same  system,. 
are  so  small  as  to  escape  our  sight.  And  Uiosi:  n;:bulffi 
in  which  we  can  discover  either  none  or  only  a  few  stars,. 
even  with  the  assistance  of  the  best  telescopes,  arc  proba- 
bly systems  that  are  stitl  more  distant  than  ihe  rest.  For 
other  particulars  of  thj;s  inquiry,  see  Philos.Truns.  vol.57- 
As  tbe  distance  of  the  fixed  stars  is  best  drlennined  by 
their  parallax,  various  methods  have  been  pursued,  though.  ' 
hitherto,  without  success,  for  investigating  it  ^  the  result 
of  the  most  accurate  observations  having  given  us  little 
more  than  a  distant  approximation ;  from  which  howevec 
,we  may  conclude,  that  the  .nearest  o£  tbe  fixed  stars  can- 
not be  less  than  40  thousand  diameters  of  the  whole  an- 
nual orbit  of  the  eacth  distant  from  us. 

The  method  painted  out  by  Guiileo,  and  attempted  by. 
Hoobe,  FfamstKd,  Molyneux,  and  Bradley,  of  taking  the^ 
the  same  pmportion.  Supposing  then  that  the  distances  of  such  stars  frotn  the  zenith  as  pass  very  near 
fixed  stars  are  of  the  same  magnitude  aiTd  brigbtncss  with  it^  has  given  us  a  more  just  idea  of  the  immense  distance 
the  sun,  it  is  do  wonder. that  their  parallax  should  hi-  of  the  stars,  and  furnished  an  approximation,  to  their  pa- 
therto  have  escaped  observation;  since  in  this  case  it  rallax,  much  nearer  the  trulh,  than  any  we  had  before, 
coutd  hardly  amotint  to  2  seconds,  and  probably  not  Dr.  Bradley  assures  us  (Philos.  Trans.  No.  406}  that 
more  than  onejn  Sirius  himself,  though  he  had  been  had  the  parallax  amounted  to  a  single  second,  or  two  at 
[dftced  in  the  pole  of  the  ecliptic ;  and  in  those  that  ap-  most,  he  should  have  perceived  it  in  tbe  great  number  of 
pear  much  less  luminous,  My  Dtaconis,  which  is  only  of  observations  which  he  made,  especially  upon  y  Draconis; 
the  3d  magnitude,  it  could  hardly  be  expected  to  be  sen-  and  that  it  seemed  to  him  very  probable,  that  tlie  annual 
■ihle  with  luch  initmmeiUs  u  han  hitheito  been  used,     parallax  of  this  star  does  Dot  amount  to  a  single  Kcond^ 


,  Google 


ST  A  [    ' 

«nd  conspquently  ihat  it  >i  above  *<W  tfaousanci  times  fur- 
tliiT  from  U9  than  the  sun. 

But  Dr.  Hcracfae),  to  wboK  industry  and  ingcnuilyi  in 
exploring  the  hravetis,  mtrunomy  is  so  much  inJ^btcH,  ic- 
marks,  tliat  the  iniirumcnt  UiQd  on  this  occasion,  being 
th«  same  with  the  present  zi^nitb  sectors,  can  bardly  be  hI- 
Jotred  capable  of  showing  an  anj^ie  cif  one  or  even  t«o  se- 
conds, with  accuracy  :  and  bcsidcf,  the  star  on  which  the 
observations  were  made,  is  only  a  bright  star  of  the  3d 
magnitude,  or  a  small  s 
■■  robably 


only  a  t    ^ 

of  the  3d  ;  and  that  therefore      nearly,  iheangii 
h  less  than  that  of  a  star  of     because  fiC  =  ) 


the  first  magnitude.     So  thnt  we  are  not  warranted 
ferring,  that  the  paralisK  of  the  stars  in  f(<-ncrftl  does  not 
exceed  l",  whereas  thme  of  the  first  magnitude  may  have, 
notwithstanding  the  rciult  of  Dr.  Bradley's  observations, 
•  parallax  of  several  seconds. 

,  As  to  the  method  of  senith  distances,  it  is  liable  to  con- 
siderable errors,  on  account  of      '       ' 
posiiien  of  the  earth's  axis,  arising  from  nutation,  pi 


ft    ]  S  T  A 

of  the  first  maijnilude,  a  of  the  sicond, 
and  c  of  ihcihiid.  Let  us  nest  suppose 
the  angle  oaf,,  or  parallax  of  the  whole 
orbit  of  the  earth,  to  be  l"  of  a  degree; 
then,  because  very  small  angles,  having 
the  same  subtense  eo,  may  be  considered 
as  in  the  inverse  ratio  of  tbelim-soAiOii, 
oc,  &c,  we  shall  have  EBo  =  i",  apd 
f",  &c,  also  because  ea  =  ab 
i" ;  and 
iBE  nearly,  the 


JBCE  =:  ^",  and  hcnc 
«EC  =  i  +  ^  =  I"*;  whence  it  fol- 
lows that,  when  the  earth  is  at  e, 
the  stars  a  and  a  appear  at  i"  dixtaiit 
from  each  othiT,  the  stars  a  and  c  at 
^''  distant,  and  the  stars  s  and  c  only 
ifraction,  the  chaiige  of  i"  distant  In  like  manner  may  be  de- 
C  from  nutation,  preces-     duced    a  general    expression    for    the 


sion  of  the  equinoxes,  or  other  causes,  and  the  aberration  parallax  that  will  become  visible  in  the 

of  light.  change   of  distance    between    the    two 

Dr.  Herschel  has  proposed  another  method,  by  means  stars,  by  the  removal  of  the  earth  from  one  extreme  of  her 

of  double  stars,  which  is  free  from  theseerrors,  and  of  such  orbit  to  the  other.     Lot  P  denote  the  total  parallax  of  a 

a  nature,  that  the  annual  parallax,  even  if  it  should  not  fixed  star  of  the  magnitude  of  the  M  order,  and  m  the 

exceed  the  lOth  part  of  a  second,  may  still  become  visible,  number  of  the  order  of  a  smaller  star,  p  denoting  the  par- 

and  be  ascertained  at  least  much  nearer  than  faerctofnre.  tial  parallax  to  be  observed  by  the  change  in  the  distance 
This  method,  which  was  first  proposed  in  an  imperfect 


manner  by  Galileo,  and  has  been  also  mentioned  by  other 
authors,  is  capable  nf  every  improvement  which  the  tele- 
scope and  mechanism  of  .micrometers  can  furnish.  To 
give  a  general  idea  of  it,  let  o  and  e  he 
two  opposite  points  nf  the  annual  orbit, 
<Bken  in  the  same  plane  with  iwn  stars,  a, 
B,  of  unequal  magnitudes.  Let  the  anjjte 
AOB  be  observed  when  the  earth  is  at  o, 
and  ABB  be  observed  when  the  earth  is  at 
S.  From  the  diflerence  of  these  angles, 
when  there  is  any,  the  parallax  of  the  stars 
may  be  computed,  according  m  the  theory 
subjoined.  These  two  stars -ought  to  he 
as  near  as  possible  to  each  other,  and  also 
to  dilTcr  as  much  in  magnitude  as  we  can 
find  them.  "> 

This  theory  of  the  annual  parallax  of  double  stars,  with 
the  method  of  computing  from  thence  what  is  usually 
called  the  parallax  of  the  fixed  stars,  or  of  single  stars  of 
the  first  magnitude,  such  as  are  nearest  to  us,  supposes  1st, 
that  the  stcrt  are  all  about  the  size  of  the  sun  ;  and  2dly, 


1  do«ble  star  ;  then  is  p  =  ^^"P.   pr  P  =  -^, 
which  gives  P,  whonp  is  found  by  observation. 

For.F.x.  Suppose  a  star  of  the  Ist  magnitude  should 
have  a  small  star  of  the  12lh  magnitude  near  it ;  then  will 
the  partial  paraUax  we  are  to  expect  to  see  be 
— ^-i*  =  i^P,  or  44  of  the'total  parallax  of  the  larger 
star  ;  and  if  we  should,  by  observation,  find  the  partial 
parallax  between  two  such  stars  to  amount  to  l\  then  will 
the  total  parallax  P=  ^^p  =  l"-^.  Again,  if  the  stare 
be  of  the  3d  and  S4th  magnitude,  the  total  parallax  will 

be  P  =    p  =>  f4p  ^  *? ;  >o  that,  if  by  observation 

p  be  found  to  be  -^g  of  a  second,  the  whole  parallax  Pwill 
amount  ^  =0-11438''. 

Further,  the  stars  being  still  in  the  ecliptic, suppose  they 
should  appear  in  one  line,  when  the  eartn  is  in  some  oifaer 
part  of  her  orbit  between  ■  and  o  ;  then  wilt  the  parallax- 
be  still  expressed  by  the  same  algebraic  formula,  and  one 
of  the  maxima  will  still  lie  at  E,  the  other  at  o  ;  but  the 
whole  effect  will  be  divided  into  two  parts,  which  will  be 


It  coDj  unction 


that  the  diifen-nce  in  their  apparent  magnitudes,  is  owing     jq  proportion  to  each  other,  as  radius  —  sine  to  radius 
to  their  diSerent  distances,  so  ihpt  a  sl&r  of  the  Sd,  3d,  or  *  "      -•■■■-'        ■>  -       - 

4tb  magnitude,  is  2,  3,  or  4.times  as  far  olf  ^  one  of  the 
first.  These  principles,  which  Dr.  Herschel  premisea  as 
postulala,  have  so  great  a  probability  in  tbeir  favour,  that 
they  will  scarcely  be  objected  to  by  those  who  are  in  the 
least  acquainted  with  the  doctrine  of  chances.  See  Mr. 
Michell's  Inquiry,  &c,  already  cited.  And  Philos.  Trans. 
»ol.  57,  pa.  234 240.  Also  Dr.  Halley,  on  the  Num- 
ber, Order,  and  Light  of  the  fixed  Stars,  in  the  Philos. 
Trans,  vol.31. 

refore,  let  Bo  be  the  whole  diameter  of  the  earth': 


-*-  sine,  of  the  star's  distance  from  the  n< 
or  oppositio 

When  the  stars  are  any  where  out  of  the  ecliptic,  si- 
tuated so  as  to  appear  in  one  line  oabc  perpendicular  to 
EO,  the  maximum  of  parallax  will  still  be  expressed  by 
^^ — P;  but  there  will  uise  another  additional  parallax: 
in  the  conjunction  and  opposition,  which  wilt  be  to  that 
which  is  found  90°  before  or  after  the  sun,  as  the  sine  (t) 
of  the  latitude  of  the  stars  seen  at  o,  is  to  radius  (]);  and 
the  effect  of  this  parallax  will  be  divided  into  two  parts ; 
annual  orbit;  and  let  a,  b,  c  be  three  stars  situated  half  ofit  lying,  on  oneside  of  the  large  star,  the  otherhalf 
in  the  ecliptic,  in  such,  a  manner,  that  they  may  apjiear  on  the  other  side  of  it.  And  this  latter  parallax  will  also 
all  in  one  line  oabc  when  the  earth  is  at  o.  Now  if,  be  compounded  with  the  former,  so  that  the  distance  of 
oj,    AB,  ic  be  eflual  to  each  other,  a  will  be  a  star    the  stars  in  the  conjunction  and  oppotition  will  then  be 
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reprcMnted  by  the  ditgonal  of  a  pHtillelograii),  whoM  lidei 
■re  the  twoAisniparall^xn ;  b  geaeral  expressiun  for  which 

will  be  i^/'^TT?^  "^  iP-/^^*^*- 
.      When  the  itan  are  In  the  -pule  of  the  ecliptic,  *  will  be ' 
St  1,  and  the  last  formula  becomes  ip^i  =>  '707lp- 

Agaio,  let  the  sUr»  be  at  wmp  distance,  as  5",  from  each 
Other,  and  let  them  be  both  in  the  ecliptic.  This  case  is 
resolvable  into  the  Gni ;  fur  imagine  the  star  a  to  be  si- 
tuated at  I ;  then  the  angle  jisi  may  be  accounted  c(|ual 


o  stars.     Put  i 
(10,  whence' 


If  neither  of  the  star 
iC  longitudi 


ST  A 

X,  ba.  =  y,  aad.it  will  be  x  -i-  (^ 


t-y);  andP  =  i 


lo  401 ;  and  as  th?  foregoing  formula,  p=  — ^ — P, 

givet  us  the  angles  aeb,  akc,  we  are  to  Add 
AlB.  wllich  will  gi»e  ieb.     In  general,  let  the  distance  of 
ihc  stars  be  rf,  and  let  the  observed  distance   at  a  be  n  ; 
then  will  D  :=  d  -*■  p,  and  therefore  the  whole  parallax 

flf  the  annual  orbit  will  be  exprctsed  by      ~m^  ~  '*' 


Suppose  now  the  stars  I 
being  in  the   eeliptic,.  the  i 


n  of  the  stars 


ifler  [inly  in  latitude,  one 
r  at  some  distance  as  5" 
ic  may  ahu  be  resolved  by 
the  farmer  ;  for  imagine  the  stars  B  and  c  to  be  elevated 
at  ri)>bt  angles  above  the  plane  of  the  figure,  su  thai  aob, 
or  AOC,  may  make  an  angle  of  5"  at  o  i  then  instead  of 
the  lines  oabc,  ea,  eb,  ec,  imagine  them  all  to  be  planes 
at  right  angles  to  the  figure;  anil  it  will  appear  thi 
parallax  of  the  Wars  in  longitude,  mu&t  be  the  tarn 
the  small  star  had  betn  without  latitude.  And  since  tue 
stars  s,  c,  by  the  motion  of  theearth  from  o  to  E,  will  not 
chnn^e  their  latitude,  we  shall  have  the  following  con- 
struction for  finding  the  distance  of  the  stan  ab  and  AC 
at  E,  anil  from  thence  the  parallax  P. 

Let  tbs  triangle  ai(3  represent  the  lituati 
ab  is  the  subtense  of  5",  the  angle  under 
which  they  are  suppnued  t;o  be  seen  at  o. 
The  quantity  b^  by  the  former  (heorem 
is  fouad  ae  ■  "'     P,  which  is  ike  pu- 
ImI  parallax,  that  would  have  beaa  seen 
by  tbs  earth's  moving  from  o  to  E,  if  both 
stars  had  been  in  the  ecliptic ;  but,  on  ac-    . 
count  o£  the  difference  in  latitude,  it  will  now  be  repre- 
sented by  00,  the  byputhenuse  of  the  triangle  ab^ :  there- 
fore  iu   general,    putting  ab  s>  d,   a^  t=  D,   we  have 

— — —  ^D*  —  d*  =  P.    Hence,  Z> being  found  by  obser- 

vatioR,  and  the  three  d,  m,  Jlf  given,  the  total  parallax 
is  obtained. 

When  the  stars  diSer  in  longitude  a«  well 

i  may  be  resolved  in  the  following  manner.     Let     would  be  3 


should  be  ill  the  ecliptic,  nor 
ji  latitude,  the  last  theorem  will 
siill  serve  U)  calculate  the  total  parallax,  whose  niaximum 
will  lie  in  b-  There  will  also  ari^  Biiolher  parallax, 
whose  maximum  will  be  in  the  cuujunetiuD  and  opposi- 
tion, which  will  be  divided,  and  lie  on  diflerentsidej  of  the 
large  star ;  but  as  the  whole  parallax  is  extremely  small, 
it  is  not,  necessary  lo  investigate  every  parlicuUr  case  of 
Ell  ,^  thi)  Lind  ;  for  by  reason  of  the  division  of  the  parallax, 
which  rendtrs  observations  Ixken  at  any  other  lime,  ex- 
cept where  it  is  greatest,  very  unfavourable,  the  furmulK. 
would  be  of  little  use. 

Dr.  Herschel  closes  his  account  of  this  theoiy,  with  a 
general  observation   on  the  time  and  place  where  the 
niaxima  of  parallajc  will  happen.     Thus,  when  two  un- 
etj'ual  stars  are  both  in  the  ecliptic,  or,  uot  being  in  the 
ecliptic,  have  eij^ial  latitudes,  north  or  south,  and  the 
larger  btar  has  most  longitude,  the  maximum  of  the  ap- 
parent distance  will  be  when  the  Jun's  longitude  is  90° 
>      more  than  the  star's,  or  when  observed  in  the  murniiig: 
'     and  the  miiiimum,  when  the  longitude  of  the  sun  is  90" 
*     less  than  that  of  the  star,  or  when  observed  in  the  evening, 
'     But  when  the  small  star  has  most  longitude,  the  maximum 
I     and  minimum,  as  well  as  the  time  of  observation,  will  be 
the  reverse  of  the  former.     And  when  the  stars  differ  in 
latitude,  this  makes  no  alteration  \n  the  place  of  the 
ma%imuin  or  minimum,  nor  in  the  lime  of  observalioa; 
that  is,  it  is  immaterial  which  of , the  two  stars  has  the 
greater  latitude,     Philos.  Trans,  vol.  72,  art.  1 1. 

The  distance  of  the  star  y  Dr«conis  appiars,  by  Brad- 
lej-'s  observations  already  recited,  to  he  at  least  4O0.00O 
times  that  of  the  sun,  and  the  distance  of  the  nearest 
fixed  star,  not  less  than  40,000  diameters  of  the  earth's 
annual  orbit:  fhat  is,  the  distance  from,  the  earth, 
of  the  former  at  least  -  -  38,000,000,000,000  miles, 
and  the  latter  nnt  less  than  -  7,600.000,000,000  miles. 
As  these  distances  are  immensely  great,  it  may  both  be 
amusing,  and  assist  in  giving  a  more  familiar  ideai,  to  com- 
pare ihem  with  the  velocity  of  spine  moving  body,  by 
which  they  may  be  measured. 

The  swiftest  motion  we  know  of,  is  that  ftf  light,  which 
passes  from  the  sun  to  the  earth  in  about  8  minutes;  and 
yet  even  this  would  be  above  6  years  traversing  the  first 
space,  and  near  a  year  and  a  quarter  in  passing  from  the 
nearest  fix^  star  to  the  earth.  But  a  cannon  ball,  nioviDg' 
latitude,  on  a  medium  at  the  rate  of  about  20  miles  in  a  minute, 
8  hundred  thousand  years  in  passing 


the  triangle  ab^  represent  the  situa- 
tion of  the  stars,  ab  =s  d  being  their 
disl&nCR  seen  at  o,  a^  st  D  their 
distance  seen  at  X.  That  the  change 
bfi,  which  is  produced  by  the  earth's 
motion,  will  be  truly  expressed  by 
— ^—  P,  may  be  proved  as  before, 
by  supgosing  diQ  star  « to  have  been 

placed  at  a.     Now  let  the  angle  of  position  baa  be  taken     has  not  yet  reached  the  earth 

by  a  micrometer,  or  by  any  other  method  sufficiently  Dr.  HaJley  haa  also  advaaced,  what  he  says  seems  ti_ 
exact;,  then,  by  resolving  the  triangle  aio,  we  obtain  the  beajnetaphysical  pamdox  (Pbilos.  Trais.  number  36+), 
longitudinal  and.  latitudiiul  diSiEreoGca  w  and  ^  of  tiie    viz,  that,  liie  ounhec  of  fixed  stais  mtHt  be  nuue  than 


from  7  Driconis  to  the  earth,  and  7(>0  thousand  years  19 
passing  from  the  nearest  fixed  star.  Sound,  which  moves 
at  the  rate  of  about  1 3  miles  in  a  minute,  would  be  5  mil* 
lion  600  thousand  years  in  traversing  the  former  di- 
stance, and  1  million  126  thopsand,  in  pasaing  through 
the  latter. 

The  celebrated  Huygena  pursaed  speculations  of  this 
kind  so  far,  as  to  believe  it  not  impossible,  that  there  may 
be  stars  at  such  inconceilable  distances,  that  their  light 
their  ci 
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oite,  and  some  of  them  at  more  than  «  Anite  distance    arc  called  nebulous  stars 


from  other} :  and  Addison  ha>  justly  ob!er»ed,  ih: 
thcwight  is  far  from  being  cxiravagant,  when  we  Consider 
that  thf  universe  is  the  Work  of  inliniie  powef,  proiliptcd 
by  infinite  goodness,  and  having  an  infi 
itself  in  ;  so  that  our  imagination  can  si 
Magnitude  qf' the  fixed  Stars.     The 
■tars  ap))ear  to  be  very  diffcreni  from  one  nnoi 
difference  maj  probably  arise,  partly  from  a 
their  real  magnitude,  but  principally  from  thi 
distances.    To  the  bart;  eye,  the  stars  appear  of 
sensible  magnitude,  owino 
the  numberless  reflccii'ons 


_:h  Bs  only  appear  faint- 
ly in  clusters,  in  form  of  little  lucid  spots,   nebula,'  or 

Ptolemy  mentions  five  of  such  nebulse,  viz,  one  at  the 

extremity  of  the  right  band  of  Perseus,  which  appears 

'rough   the  telescope,  thick   set  witli  stars;  one   in   the 

iddte  of  the  crab,  called  Pra»epe,  or  the  Manger,  iir 

which  Galileo  counted  above  40  stsis;  one  unformed 

near  the  sting  of  the  Scorpion  ;  another  in  the  eye  of  Sa- 

giilarius,  in  which  two  stars  may  be  seen  in  a  clear  sky 

with  the  naked  rye,  and  several  more  with  the  telescope^ 

thegtareuflightarisingfrom     and  the  6fih  in  the  head  of.Orion,  in  which  Galileo- 

roni  the  aSrial  particles  &C    counted  21 


I  bounds  tu  it.    ihro 
□iiudes  of  the 


about  the  eye;  this  makes  us  imagine  the  stars  to  be  much  riamstced  observed  a  cloudy  slar  before  the  bow  of 

larger  than  they  would  appear,  if  we  saw  them  only  by  Sagittarius,  which  consists  of  a  great  number  of  small 

the  few  rays  which  come  directly  from  them,  so  as  to  stars;  and  the  star  d  above  the  right  shoulder  of  this 

enter  oureyes  without  beinginiermixed  with  others.     Any  constellation  is  encompaised  with  several  mote.     Fjam- 


person  may  be  sensi  bte  of  this,  by  looking  at  a  star  of  thi 
£rst  magnitude  through  a  long  narrow  tube;  which, 
though  it  takes  in  ns  much  of  the  sky  as  would  htild  a 
thousand  such  stars,  scarce  renders  that  ime  visible. 

The  stars,  on  account  of  their  apparently  vurious  sizes, 
have  been  distribiilfd  into  several   classes,   called  magni- 
tudes.    The  Isl  class,  or  Elars  of  the  (irst  magnitude,  are 
tfaose^hat  appear  largest,  und  may  pr>jbably  be  nearest  \o 
us.     Next  to  Ih^se,  are  thu^e  of  the  2d  magnitude;  and 
ao  on   to  the  Cth,  which  comprehends  the   smallest  stars 
visible  to  the  naked  eye.     All   beyond  these,   that  can  be     powerful   teli 
perceived  by  the  help  of  teh-scopes,  are  called  telescopic     counts  of  st 
Mars.      Not  that  all  (he  stars  of  each  class  appear  e.vactly     which  the  si 
.  of  the  same  magnitude;  there  being  ^real  dilterence  in  Ihh    sand  on  the  ! 
respect;  and  those  of  the  first  magnitude  appearing   al-     sctibed   the 

ino6t.alI  different  in  lustre  and  size.'  There  are  also  other  SeePhilos.  Trans'.  iTsi,  1785,  1786,  1789-  See  Ga 
Stan,  of  intermediate  nitgnitudes.  which  astronomers  tAXY,  and  Magellanic  CVoWi,  and /ucic/ Spots. 
cannot  refer  to  one  class  mure  than  another,  and  there-  Cassini  is  of  opinion,  that  the  brightness  of  these  pro- 
fore  Ihey  place  then)  bitwecn  the  two.  Prucyon,  for  in-  ceeds  from  .stars  so  minute,  as  not  to  be  distinuuished  by 
stance,  which  Ptolemy  makes  of  the  first  magnitude,  and  the  best  glasses :  and  this  opinion  is  fully  confirmed  by 
Tycho  of  the  2d,  Flamsleed  lavs  down  as  between  the  1st  the  observations  of  Dr.  Herschel,  whose  powerful,  tele- 
and  2d.  So  that,  instead  of  6  magnitudes,  we  may  say  scopes  sho*  those  lucid  specks  to  be  composed  entirely  of 
there  are  almost  as  many  nrJtrsof  stars,  as  there  are  stars;  masses  of  small  stars,  like  hevps  of  sand, 
on  accuunt  of  the  great  variations  observable  in  tlie  mag-  There  are  also  man)  stars  which,  though  ihey  appear 
nitudc,  coluur,  and  brif^hlness  of  them.  single  to  the  naked  eye,  are  yet  discoveied  by  the  tele- 

There  seems  to  be  but  little,  probability  of  discovering    scope  to  be  double,  triple,  &c.     Of  these,  several 


steed  and  Cassini  also  discovered  one  between  the  great 
and  Kttle  dop,  which  is  very  full  of  stars,  that  are  visible 
only  by  the  telescope. 

ijut  the  most  remarkable  of  all  the  cloudy  stars,  is  that 

in  the  middle  of  Orion's  sword,  in  which  Hnygens  and 

Dr. -Long  observed  13  stars,  7  of  which  (3  ol  them,  now 

)(nbwn  to  be  4,  being  very  close  together)  seem  to  shine 

through  a  cloud,  very  lucid  near  the  middle,  but  faint 

end  ill  defined  about  the  edges.     But  (he  greatest  disco- 

of  nebulie  and  clusters  of  stars,  wg  owe  to  the 

copes  of  Dr.  Herschel,  who  has  given  ac- 

^e  thousands  of  such  nebulm,  iu  many  of 

.rs  seem  [o  be  innumerable,  like  grains  o(  . 

a  shore,  u(,  as  Milton  has  so  beautifully  de- 

ilky  way,  tliey  seem  powdered  \  ' 


with  certainly  the  real  size  of  any  of  the  fixed  stars  ; 
must  therefore  be  content  with  an  approximation,  de- 
duced from  their  parallax,  if  this  should  ever  be  found  ; 
and  the  quantity  of  light  they  eflbrd  us,  compared  with 
that  of  the  sun.  And  to  this'purpose.  Dr.  Herschel  in- 
forms us,  that  with  a  magnifying  power  of  6450,  and  by 
means  of  his  new  micrometer,  he  found  the  apparent  di- 
ameter of  et  LyrEC  to  be  (T-SaS. 

The  stars  are  also  distinguished,  with  regard  to  their 


been  observed  by  Cassini,  Hooke,  Long,  Maskelyne,  - 
Hornsby,  Pigoti,  Mayer,  kC  ;  but  Dr.  Herschel  has  been 
much  the  most  successful  in  observations  of  this  kind; 
atid  his  success  has  been  chiefly  owing  to  the  very  extraor- 
dinary magnifying  powei-s  of  the  Newtonian  7  feet  reflector 
which  he  has  used,' and  the  ^Ivantage  of  an  excellent 
micrometer  of  his  own  construction.  The  powers  which 
he  has  used,  have  been  US,  227,  276,  460,  754,  932, 
1159,  1536,  2010,  3l68,  and  even  64oO,  He  has  al- 
lituation,  into  asterisms, or  constellations;  which  are  only  ready  formed  a  catalogue,  containing  26p  double  slan, 
usemblages  of  several  neighbouring  stars,  considered  as  227  of  which,  as  far  as^e  knows,'  have  not  been  'noticed 
constituting  some  determinate  hgurc,  as-  of  an  animal,  by  any  other  person.  Among  these  there  are  also  some 
&c,  from  which  it  is  therefore  denominated  :  a  division  stars  that  are  treble,  double-double,  quadruple,  doubte- 
Ks  ancient  at  the  book  of  Job,  in  which  mention  is  made  treble,  and  multiple.  His  catalogue  comprehends  the 
of  Orion,  the  Pleiades,  &c.  names  of  the  sta^s,  and  the  number  in  Flamstced's  cata- 

Besides  the  stars  thus  distinguished  into  magnitudes  ''loguo,  or  such  a  description  of  those  that  are  not  con- 
and  constellations,  there  are  others  not  reduced  to  either,  tained  in  it,  as  will  be  found  sufficient  to  distinguish  them ; 
Those  not  reduced  into  coustcllaiiong,  are  called  informes,  also  the  comparative  size  of  the  stars;  their  Colours  as 
or  unformed  start;  of  which  kind  several,  so  leftat  large  they  appeared  to  his  view  ;  their  distances  determined  in 
by  the  ancients,  hare  since  been  formed  into  new  cimstel-  several  difii-rent  ways ;  their  angle  of  position  with  regard 
lations  by  the  modern  utronomers,  and  especially  by  to  the  parallel  of  declination;  and  the  d^itcs  when  be  £rst 
Ileveliiu,    Those'  not  re4uced  to  classes  or  triagnitudes,    perceived  the  stars  to  be  double,  treble,  &c.     His  obser- 
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vstions  appear  to  commeiice  with  the  year  1776.  but 
i.lmoat  all  of  them  were  made  in  the  yean  1779,  I7S0, 
17  8i. 

Dr.  Henchel  has  dialtibuted  the  double  slan  contained 
in  his  catalogue,  into  6  different  cl.isses.  In  the  6ret  he 
has  placed  all  those  which  require  a  very  superior  tele- 
scope, with  the*  utmost  clearness  of  air,  and  ivt-ry  ullier 
&vuumb]e  circumstance,  to  be  sei'n  at  all,  iir  well  enough 
to-ju<lge  of  them  ;  and  there  are  2i  of  flie^.  To  the  2d 
-class  belong  all'  those  double  stars  that  are  proper  fur  es- 
timations by  the  eye,  and  very  delicate  measun^  by  the 
micrometer;  the  number  being  38.  The  3<i  class  com- 
prehends all  those  double  stars,  that  are  between  5"  and 
15"  asunder;  the  number  of  thiin  being  46.  The  4th, 
.5tb,  and  6ih  clnssei  contain  double  stars  that  are  from 
15''  to  30",  and  from  30"  to  l',  and  from  l'  to  2'  or  more 
asunder;  of  which  there  are  44in  the4lh  class,  51  in  the 
5th  class,  and  66  in  the  6th  class:  the  last  uf  this  class  is 
a  Tauri,  number  87  of  Flamsteed,  whose  apparent  dia- 
meler,  on  the  meridian  measured  with  a  power  of  46o  at 
a  mean  of  two  observations  l"  46"',  and  witJt  a  power  of 
932  at  a  mean  of  two  observatiuns  1''  12".  See  the  list 
at  large,  Philos.  Trans,  vol.  72,  art.  1-2. 

The  stars  arc  :>1so  distinguished,  iu  each  con^ellaliun, 
by  numbers,  or  by  die  letters  of  the  Hlph^bil.  This  kind 
of  distinction  was  introduced  by  John  Bayer,  in  his  L'ra- 
nometria,  l6j4;  where  he  denotes  The  stars  ■»  each  con- 
stellation, by  the  litters  of  the  Greek  alphabet,  a,  &,  y, 
i,  c,  &c,  viz,  the  most  remarkable  star  of  each  by  a,  the 
2d  by  ^,  the  3d  by  y,  &c ;  and  when  thete  are  more  stars 
in  a  constellation  th.in  the  characters  in  the  Greek  alpha- 
bet, he  denotes  the  rest,  in  their  order,  by  the  J^ornHn 
letters  A,  b,  c,  d.  Sec.  But  as  the  lumber  of  the.  stars, 
that  have  been  observed  and  registered  iti  cataloj^ues,  since 
Bayer's  time,  is  greatly  increased,  as  by  Flamsteed  and 
others,  the  udiliiionul  ones  have  been  marked  by  the  or- 
dinal nunibirs  1,  2,  3,  4,  5,  &c. 

The  iVumier  of  Stars.  The  number  of  the  stars  ap- 
pears  to  be  immensely  great,  perhaps  tnlioite;  yet  have 
astronomers  long  since  ascertained  the  numlyr  of  such  at 
are  visible  to  the  eye,  which  are  much  fewer  than  at  first 
light  could  be  imagined.  SecCATALOOue  o/lhe  Slaru— 
Of  the  3bOQ  contained  in  Flamsteed's  catalogue,  there  are 
many  that  are  only  visible  through  ■  telescope;  and  a 
■good  eye  searcevver  sees  more  than  a  thousand  at  the  same 
time  in  the  clearest  heaven;  the  appearance  of  that  im- 
mense number  which  are  frequent  in  clear  winter  nights, 
arising  from  our  sight's  being  deceived  by  their  twinkling, 
«nd  from  our  viewing' them  confusedly,  end  not  reducing 
them  to  any  order.  But  nevertheless  we  cannot  but 
imagine  that  the  siHri  are  almost,  if  not  altogether,  ia&nitc. 
See  Halley,  on  the  number,  order,  and  light  of  the  fixed 
Stars,  Philos.  Trans,  number  364. 

Riccioli,  in  his  New  Almngest,  affirms,  thai,  a-mao  who 
shall  day  there  are  above  20  thousand  times  SO  thousand, 
would  say  nothing  improbable.  For  a  good  telescope, 
directed  indifferently  to  almost  any  point  of  the  heavens, 
discovers  multitudes  that  are  lost  lo  the  naked  eye;  par- 
ticularly in  the  milky  way,  which  some  take  to  be  an  as- 
-seroblage  of  stars,  too  remote  to  be  seen  singly,  but  so 
closely  disposed  as  to  give  a  luminous  ^ippearance  to  that 
part  of  the  heavens  where  they  are.  And  this  fact  has 
bcFo  confirmed  by  Herschel's  observations :  though  it  is 
■disputed  by  others,  who  contend  that  the  milky  way  must 
be  owing  to  eomc  other  cause. 
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lu  the  single  cuQsteDation  of  the  Plciatles,  instead  of  8, 
7,  or  8  stars  seen  by  the  best  eye ;  Dr.  Hooke,  with  a  tele- 
•cope  13  fci't  long,  told  78,  and  with  larger  glasses  many 
more,  of  different  roagniludes.  And  F.  de  Rheita  affirms^ 
ihat  he  has  observed  above  JOOO  stars  in  ihe  single  cou- 
slellatJDn  of  Ori^jn.  The  same  nuiiior  found  above  1 88  in 
the  Pleiadi-s.  And  Hiiygens,  loukittg  at  the  star  in  the 
rflidille  i>f  Orion's  sword,  instead  I'fone,  found  that  there 
were  12,  Galileo  found  80  in  the  space  of  the  U.lt  of 
Orion's  sword,  '.'1  in  the  nebulous  star  of  his  biad;  and 
above  500  in  unothar  part  of  him,  within  the  compass  of 
one  or  two  ilegrecs  space,  ami  more  than  40  in  the  nebu- 
lous star  Priesepe. 

Tht  CAmga  that  Aaee  happened  in  (he  Staks  are  very 
considerable.  The  lirst  change  lhat  is  on  record,  was 
aliout  120  years  before  Christ;  when  Hipparchus,  dis- 
covering a  new  star  10  appear,  was  first  induced  to  make 
a  catalogue  of  the  stars,  thut  posterity  might  perceive  any 
future  chatiges  of  the  like  nature. 

iu  the  year  1572,  Cornelius  Gemma  and  Tycho  Brahfe  . 
observed  another  new  star  in  the  constellation  Cassiopeia, 
which  was  likewise  the  ocrasion  oi  TyeKo's  making  a  new 
catalogue.  At  fir^t  ks  magnitude  and  brightness  exceeded 
the  largest  of  the  stars,  Sirius  and  Lyra  ;  and  even  equalled 
the  planet  Venus  when  nearest  the  earth,  and  was  s^en  in 
fair  day-ligljl.  It  continued  ICi  months;  tuwaids  the  latter 
end  of  which  iv began  10  dwindle,  and  at  length,  in  March 
1574-,  it  totally  di  nap  pea  red,  without  any  change  of  place 
in  all  that  lime. 

I..eoviciu$  tells  us  of  another  star  appearing  in  the  same 
constellation,  about  the  year  945,  wliieh  resembled  that 
of  I57'2;  and  he  quotes  another  ancient  observation,  b^ 
which  it  appears  ibal  a  new  star  was  seen  aboutlhc  same 
place  in  I'Jb'^.  Ur.  Keil  thinks  these  were  all  the  same 
star;  and  indeed  the  periodical  intervals,  or  distance  of 
time  between  these  Mppear;mces,  were  nearly  equal,  being 
from  318  to  319  years;  and  if  so,  its  next  appearanco 
may  be  expected  about  B89O. 

Fabricius,  in  1596,  discovered  anmher  new  star,  called 
the  Stella  mira,  or  wonderTul  star,  in  the  neck  of  the  whale, 
which  has  since  been  found  to  appear  and  disappear  pe- 
riodically, 7  times  in  6  years,  continuing  in  its  greatest 
lustre  for  l5  days  together;  and  is  never  quite  extin- 
guished. Its  course  and  motion  are  described  by  Bulliald, 
in  a  treatise  printed  at  Paris  in  1^67.  Dr.  Herschel  has 
lately,  viz,  in  the  years  1777,  1778,  1779,  and  1780, 
made  several  observntiorw  on  this  star,  anaccount  of  which 
may  be  seen  in  the  Philos.  Trans,  vol.  70,  art.  21. 

In  the  year  16OO,  Willhim  Jansea  discovered  a  change- 
able star  in  the  neck  of  the  Swan,  which  gradually  de- 
creased till  it  became  so  small  as  to  be  thought  to  dis-  ' 
appear  entirely,  till  the  years  l657,  1668,  and  l659,  when 
it  regained  Its  former  lustre  add  magnitude ;  but  soon  de- 
cayed again,  and  is  now  of  the  smallest  size. 

In  the  year  l604,  «  new  si;ir  was  seen  by  Kepler,  and 
several  of  his  friends,  near  the  heel  of  the  right  foot  of 
Serpentarius,  which  was  particularly  bright  and  spark- 
ling; aiid  it  was  i.bserved  to  be  every  moment  changing 
into  Some  of  the  colours  of  ihe  rainbow,  Except  when  it  is 
near  the  horiKKn,  at  which  time  it  was  generally  white. 
It  surpassid  Jupiier  in  magnitude,  but  was  easily  distin- 
guished from  him,  by  the  steady  light  of  the  planet.  It 
diiiBppeared  about  the  end  of  the  year  |605,  and  has  not 
l>een  seen  since  that  time, 

Simon  Marius  discovered  auolber  in  Andromeda's  girdle, 
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ID  t6l3  and  t6l5;  though  Bultiatd  says  it  had  t>c«n scea  Itlstre  of  those  stars,   and  also  for  tbeir  appiaring  stid 

before,  in  tbe  15th  ctnturj'.  disappearing. 

In  July  1670,  Hcvi'lius  discovered  a  second  changeable       ■  Hcvclius  appivhcnds  (Cometograph.  pa.  380),  tliat  the 

star  hi  the  Swan,  which  was  so  diminished  in  October  as  sun  and  stais  are  surrounded  with  atmorsjiheret,  and  that 

to  he  scarce  perceptible.     In  April  followiug  it  regained'  by  whirling  round  rheir  axes   with   great   rapidity,  ihry 

its  fiirmer  lustre,  but  wholly  disupneared  in  AugU!<t.     In  throw  ofT great  qitunti tics  of  mailer  into  tliose  atmospheres, 

March  1672  it  was  seen  again,  but  appeajvd  very  small,  and  so  e&me  great  cliiinges  in  thnni ;  and  that  thus  it  may 

and  has  not  been  visible  since.  come  to  pan  tliat  a  star,  which,  when  itg  atmosphere  is- 

In  16h6  a  third  ctMnguabk-  star  was  discovcied  by  Kir-  clear,  shines  out  with  great  lustre,  may  at  ano'tber  time, 

ehius  in  ilie  ISwan,  viz,  the  sttir  ^  of  that  consteilaliun,  when  it  is  full  of  clouds  and  thick  vapuors,  appear  greatly 

which  relumed  periodicaljy  in  about  40£  days.  diminished  in  brightness  and  magnitude,  or  even  become 

In  1 672  Cassini  saw  a  star  in  the  neck  of  the  Bull,  which  quite  invisible, 
bethought  was  not  visible  InTycho's  time,  nor  when  Bayer         Nature  <^  ike  fired  Sr  a  fa.     The  immense  distance  of 

made  hi&  figtires.  '  the  stars  leaves  us  greatly  at  a  lots  about  the  nature  of 

It  is  cettaiur  frotn  lie  old  calalogucs,  that  many  of  the  them. ,   What  we  can  gather  for  certain  from  their  pheno- 

ancient  stars  are  not  now  visible.    'I'his  has  been  particu-  mens,  is  as  folloivs:  Ul,  Tbat  the  fixed  stars  are  greater 

larly  ramarked  with  regard  to  the  Pleiades.  than  our  earth  :  because  if  that  were  nut  the  case,  they 

M.  Montanari,  in  his  letter  to  the  RoyaT  Society  in  could  not  be  visible  at  such  an  immense  distance.     3nd, 

1670,  observes  tbnt  there  are  now  wanting  in  the  heavens  The  fixed  stars  are  further  distant  from  the  earth  than  the 

two  stars  of  the  Sd  ma^nilude,  in  the  stern  of  the  ship  furthcAofthe  planets.     For  we  frequently  find  the  fixed 

Argo,  and  its  yard,  which  hod  been  seen  till  the  year  stars  bid  behind' thi?  body  of  the  phinets:  and  besides,  they 

i66i.     When  they  finl  disappeared  is  not  known ;  but  he  have  no  parallax,  which  tlie  planets  have.    3rd,  The  fixed 

assures  us  there  was  not  the  least  glimpse  of  them  in  1668.  stars  shine  with  tbeir  own  light ;  for  they  are  much  farther 

tie  adds,  that  he  has  observed  many  more  changes  in  the  from  the  sun  than  Saturn,,  and  appear  much  smaller  than 

fixed  stars,  even  to  the  number  of  a  hundreds    A^d  many  Saturn  ;  but  since,  notwithstanding  this,  they  are  found' 

-  ocher  changes  of  the  slar»  have  been  noticed  by  Cassini,  to  shine  much  brighter  than  that  planet,  it  is  evjdent  they 

Muraldi,   and    other  observers.     See  Gragor/s  Astro n,  cftnnot  borrow  their  light  from  the  same  source  as  S8t(im 

lib.j2,  prop. 30.  does,  vIe,  thesun;  but  since  we  know  of  no  other  lumi- 

But  the  greatest  numbers  of  variable  stars  have  been  nous  body  beside  tlie  sun,  whence  they  nnght  derive  their 

ohsecved  of  late  years,  and  the  most  accurate  observations  light,  it  follows  that  they 'shine  with  their  own  native 

made  on   their  periods,    &c,    by  Herschel,  Goodficke,  light. 

Pigntt,  &c,  in  the  late  volumes  of  the  Philos^  Trans,  par-         Besides,  it  is  known,  that  the  more  a  telescope  magni- 

-  ticularly  in.  tlic  vol.  fur  1786.  where  the  last  of  these  gen-  fies,  tha  less  is  the  aperture  through  which  tbe  star  is  seen;. 

tlemen  hasgivenacolalugueof  all  ihaChave  been  hitherto  and  consequently,  the  fewer  rays- it  admits  into  the  eye. 

observed,  W4tb  accounts  of  the  ohsesvations  tbat  have  been  Now  since  the  stars  appear  less  in  a  telescope  which  nia^ 

made  upon  them.  '  niQes  two  hundred,  times,  than  they  do  to  the  naked  eye. 

Various  hypotheses  have  been,  devised  to  account  for  insomuch  that  tlicy  seem  to  be  only  indivisible  points,  it' 

such  changes  and  appearances  in  the  Stars.    It  is  not  pro-  proves  at  once  that  the  stars  arcat  immense  distances  from 

bable  th«y  couUI  be  comets,  as-  they  bad  no  parallax,  us,  and  that  they  shine  by  their  own  proper  light.    If  they 

even  when  largest  and  hiightest..    It  ba»  hee^  supposed  shone  by  borrowed  light,  they  would  be  as  invisible  with- 

tliat  the  periodical  stars  have  vast  dark  spots,  or  dark  out  telescopes  as  tbe  satellites  of  Jupiter  arc;  for  these sa-. 

sides,  and  very  slow  rotatinnt  on  their  axcSf  by  wbiclf  tallites  appear  larger  when  viewed  with  a  good  telescope 

means  they  must  disappear  when  the  darker  side  is  turned  than  the  largest  fixed  stars.     Hence,  1.  We  deduce,  that 

towards  us.     And  as  for  thuse  which  break  out  suddenly  the  fixed  stars  are  so  many  suns  ;  tiir  they  have  all  the 

with  such,  lustre,,  tiiese  may  perhaps  be  suns  whose  fuel  is  characters  of  suns.     3.-Thati(i  all  probability  the  stars 

almost  spent,  aud  again  supplied  by  some  of  their  eomets  are  not  smalles  than,  our  sun.     3.  That  it  is  highly  pro- 

&lliiLg  upon  them,  and.  occasi'ining  aii  uncommon  blaze  bable  each  star  is  the  centre  of  a  system,  and  bos  planets- 

and  splendor  for  some  time ;  which  it  is  eonjectured  may  or  earths  revolving  round  it,  in  the  same  mantier  as  round 

be  one  use  of  the  eometarypart  of  our  system.  onrsun,  i.e.  it  has  opaque  bodies  illuminated,  warmed,.' 

Maupertuis,  in  his  Dissertation- on.  the  Figures  of  the  and  cherished  by  its  light  and  heat.     As  we  have  incom- 

Celestial  Bodies  [pa.  61 — 63},.  is  of  opinion  that  some  stars,  parably  more  light  from  tile  moon  than  from  ail  the  stars 

by  ilheir  prodigious  swift. rotation  im  their  axes,  may  not  together,  it  is  absurd  to  imagine  that  the  stars  were  made  ' 

ouly  assume  the  figures  of  oblate  spheroids,  but  that  by  for  no  other  purpose  than  to  cast  a  faint  light  upon  tfao 

the  great  centrifugal  force  arising  from  such  rotations,  earth  ;  especially  since  many  more  require  the  assistance 

they  may  become  of  the  figures  of  mill-stones,  or  be  re-  of  a  good  tetescape  to  find  tfaem-oul^  than  are  visible  with- 

duced  to  fl^t  circular  planes,  so  thin  as  to  be  quite  in-  out  that  instrument.     Uur  sun  is  surrounded  by  a  system' 

visible  when  their  edges  are  turned  towards  us,  as  Saturn's,  of  planets  and  comets,  all  which  would  be  invisible  from 

ling  is  in  such  position.     But  when  very  excentric  planets  the  nearestifixed  star;  and  from  what  we  already  know  of 

or  comets  go  rcund  any  fiat  star  in  orbits  much  inclined  the  immense  distance  of  thestars,  it  is  easy  to  infer,  tbat 

to  its  equatois,  the  attraction  of  the  planeb^or  comets  in  the  sun,  seen  from  such  a  distance,  would  appearno  lai^er 

tlieir  periheliona  must  alter  the  inclination  of  the  axis  than  a  star  of  the  first  magnitude. 
oC  that  star;   on   which   account  it   will  appear  mure         From  all  this  it  is  highly  probable,  that  each  star  is  a 


_r  lest  large  and  luminous,  as  its  broad  side  is  more  or  gun  toa  system  of  worlds  moving  round  it,  Iboagb  unseen 
leas  lurifed  towards  us.  And  thus  he  imagine*  we  may  by  us;  especially  as  the  doctrine  of  a  plurality  of  worlds 
account  for   tbe  apparent  changes  gf  magnitude  and    is  rational,. and  greatly  manileia  the  power,  the  wisdeoii. 
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and  tbe  goodoen  of  ihe  great  Crf^tor.  How  inmcBK,' 
tfaea,  doc«  the  uiiivi'rsc  appear!  Indt-et},  it  must  either  be 
infinite,  or  intinilcly  ne«r  il. 

Kepler,  it  is  Hue,  denies  Ihat  each. star  can  have  itt 
system  of  pkneU  os  ours  has  ;  and  takes  ihem  all  to  be 
fixed  ill  tbe  same  surface  or  sphere  ;  urging,  that  weri;  one 
twice  or  thrice  as  remote  as  another,  it  would  be  cwicu  or 
thrice  as  small,  supposing  their  i-eal  magnitudes  equal; 
whereas  there  is  no  difference  in  their  apparent  magnitudes, 
juiily  observed,  at  all.  But  lu  this  it  is  opposed,  that 
Huygens  has  not  only  sliown,  that  fires  and  flames  are  vi- 
sible at  distiincc-s  where  other  bodira,  comprehended  under 
equal  angles,  ilisappt-ar  ;  but  it  should  likewise  seem,  that 
ihc  optic  theorem  about  the  iipparent  diameters  of  objects, 
being  reciprocally  proportional  to  their  distances  from 
the  eye,  docs  only  hold  while  the  objirct  has  some  sensible 
ratio  to  lis  distance. 

For  periodical  stars,  &:c,  see  Cuanoes,  I[i:, iif  Slan, 
Hipra. 

Motitm  qfthc  Sta  bs.  The  fixed  stars  have  several  kindt 
of  apparent  motion  ;  otie  railed  th»  first,  common,  or  di- 
urnal motion,  arising  from  the  earth's  rotation  about  its 
sxis;  and  by  which  they  seem  to  be  cxrried  along  with 
the  sphere  ur  firmament,  in  which  they  appear  A\ed,  lound 
the  earth,  from  eaU  to  west,  in  the  space  of  34  hours. 

THe  other,  called  the  aecond,  or  proper  motion,  is  that 
by  which  they  appear  to  go  backwards  from  west  to  east, 
Eound  the  poles  of  the  ecliptic,  with  an  exceeding  slow 
jpotion,  OS  d«»cribiDg  a  degree  of  their  circle  only  in  the 
space  of  71t  yean,  or  50^  seconds  in  a  year.  This  ap- 
parent motion  il  owing  to  the  recessioti  of  the  equinoctial 
points,  which  is  50|  seconds  of  a  degree  in  a  year  hack- 
wani,  or  contrary  to  the  order  of  the  sign*  of  the  lodioc. 
In  consequence  of  this  second  motion,  the  longitude  of  the 
Uors  will  be  always  increasing.  Thus,  for  enample,  the 
IpDgitude  of  Cor  Leonis  was  found  at  different  periods,  to 
lie  as  fallows  t  via, 

Ymt.  ioDg. 

By  Ptolemy,  in      -    -     138  to  be    i°  Stf 

By  the  Persians,  in     -  1115. 17   30 

By  Alphonsus,  in  -     -  1364 30  '40  ' 

'     By  Priuciof  Hesse,  in  153ti 34    11 

ByTycho,  in    -     -     -  lt>Ol -54    17 

By  Flamsteed,  in  -    -  I69O 26    SIJ 

Whence  the  proper  rootiiMi  of  the  stars,  according  to  tbe 
orderof  the  signs,  in  circles  parallel  to  the  ecliptic,  is  i-asjly 
inferred. 

It  WM  Hipparchus  who  first  suspected  this  motion,  on 
comparing  his  own  observattons  with  those  of  Timocharis 
and  Aristyllus.  Ptolemy,  who  lived  three  centuries  after 
Hipparchus,  demoustrated  the  tkmv.  by  undeniable  argu- 
ments. The  increase  of  longitude  in  a  century,  as  staled 
bj  diSeretit  attrdnomers,  is  as  follows  : 

By  Tycho  Brah6  ...  1°  25'  q/i 
Copernicos  -  -  -  -'  1  23  40^ 
Flainsteed  and  Riccioli  1 .  23  20 
BvUiald  -  -  -  •  1  24. 54 
Heveliua  -  -  -  -  1  24  46^ 
Dr.  Bradley,  &c.  -  -  1  83  55 
wliicli  U  at  the  rate  of  JO^.seconds  per  year. 

From  these  data,  the  increase  in  the  longitude  of  a  star 
for,  any  ^ven  time,  is  easily  found,  and  thenceits  longitude 
at  any  Itoe  :  ex.  gr.  the  lon^tude  of  Sirtut,  in  FUmsleed's 
ta|>l(a,ror  the  year  1690,  beings'' IS*  l'(,  itilangitudefar 
thp  jmu  U00»  ia  found  by  multiplying  the  ioterya^  of  tiina, 


vis,  110  yean,  by  50},  the  product  5537",-or  1°  33*  17", 
added  to  the  given  longitude  $P  49'  l'' gives  tbe  longitude 
11'  21'  18"  for  tbe  year  1800. 

The  chief  phenomena  of  the  fixed  stars,  arising  from 
their  common  and  proper  motion,  besides  their  longitude, 
arc  their  altitudes,  right  aseeniions,  declinations,  occulta, 
tions,  culminations,  risings,  and  settings. 

Some  have  supposed  that  the  latitudes  of  the  stars  are 
invariahle.  But  this  supposition  is  founded  on  two  as- 
sumptions, which  are  both  controverted  among  astrono- 
mers. The  one  of  these  is,  that  the  orbit  of  the  earth  con- 
tinuei  unalterably  in  the  same  plane,  and  consequently 
that  tbe  ecliptic  is  invadable ;  the  contrary  of  which  is 
now  very  generally  allowed. 

The  other  assumption  is,  that  the  stars  are  so  fixed  as 
to  keep  their  places  immoveably.  Ptolemy,  Tycho,  and 
others,  comparing  their  observations  with  those  of  the  an- 
cient aitronotners,  have  adopted  this  opinion.  But  from 
the  result  of  the  comparison  of  tbe  best  modern  observa^ 
tions,  with  such  as  were  formerly  made  with  any  tolerable 
d^ree  of,  exactness,  there  appears  to  have  been  a  real 
change  in  the  position  of  lomo  of  the  fixed  stars,  with  re- 
spect to  each  other ;  and  several  siars  of  the  first  jnogni- 
tude  have  already  been  observed,  and  others  su^iec ted,  to 
have  a  proper  motion  of  their  own. 

Dr.  UaJley  (Philoa.  Trans.  No.  355),  has  observed,  that 
the  three  followAig  stars,  the  Bull's  eye,  Siriusj  and  An> 
turus,  are  now  found  to  be  above  half  a  degree  ny>ra 
southerly  than  the  ancients  reckoned  them:  that  this  dif- 
ference cannot  arise  from  the  errors  of  the  transcribeny 
becatue  the  declinations  of  the  stars,  set  down  by  Piol»- 
my,  OS  ojtiserved  by  Timocharis,  Hipparchus,  and  himself, 
show  their  latitudes  given  by  him  are  such  as  those  au- 
thors intended :  and  it  is  scarce  to  be  believed  that  those 
three  observers  could  be  deceived  in  so  plain  a  matter.  To 
this  he  adds,  that  the  bright  star  in  the  shoulder  of  Orion 
has,  in  Ptolemy,  almost  a  whole  degree  more  southerly 
latitude  than  at  presents  that  an  ancient  observation, 
made  at  Athens  in  tbe  year  .509,  a»  Bulliald  supposes,  of  , 
an  a[qiulse  of  the  m'oon  to  the  Bull's  eye,  shows  that  star 
to  have  had  less  latitude  at  that  time  than  it  now  has: 
(bat  at  to  Sirius,  it  ^peara  by  Tycho's  observations,  that 
he  found  him  4^'  mure  uortherly  than  he  13  at  this  time. 
All  these  observations,  compared  together,  seem  to  favour 
an  opinion,  that  some  of  the  stars  have  a  proper  motion  of 
tbeitown,  which  changes  their  places  in  the  sphere  of  the 
heavens :  this  change  of  place,  as  Dr.  Halley  observes, 
may  show  itself  in  so  long  a  time  as  ISOO  yean,  though  it 
he  entirely  imperceptible  in  the  space  of  one  single  cen- 
tury; and  it  is  likely  to  be  soonest  discovered  in  such 
start  OS  those  just' now  mentioned;  because  they  are  all 
of  the  first  magnitude,  and  may,  therefore,  probably  be 
some  of  the  nearest  to  our  solar  system.  Arcturui,  in 
particular,  aBbrd<i  a  strong  proof  of  this  :  for  if  >is  present 
declination  be  compared  with  its  place,  as  determined 
either  by  Tycho  or  Flariisteed,  the  difference  will  be  found 
to  be  much  greater  than  what  can  be  suspected  ta  arise 
from  the  uncertainty  of  their  observations.  See  A&ctd- 
KUB,  and  Mr.  Horn^by's  inquiry  into  the  qiiantity  and 
direction  of  the  proper  motion  of  Arctunis,  Phil.  Trans, 
vol.  6S,  part  1 ,  pa.  S3,  &c. 

For  an  account  of  Dr.  Bradley's  observations,  sq  the 
sequel  of  this  article,  alsoAssKBATioN. 

Dr.  Heischcl  has  also  lately  observed,  that  the  distance 
of  the  two  sUrs  forming  tbe  double  star  r  Disconis,  is 
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54"  4B'",  and  their  poiition  44"  19' s.  preceding.  Wbere-  thoM  of  the  grratet  luitre,  which,  kmayht  presumed, 

at,  from  cbe  rigfat  m&ceiuioa  and  declination  of  tbeae  itara  lie  neaictt  to  us,  and  may  tfaefefore  be  subject  to  more 

in  Flamtteed'i  catalogue,  their  diitancc,  in  his  tine,  ap-  teiuible  changes,  either  frrua  their  own  motion,  or  fr<«i 

,  pears  to  have  been  l'  ll'-418,  aiiU  their  position  44°  23*  that  of  our  systctn.     And  if,  at  thesame  tima  the  brighter 

M.  preceding.     Hence  he  infers,  that  as  the  ililfefehce  in  start  are  compared  with  each  other,  we  may  likewise  de- 

the  distance  of  these  two  stars  is  so  conirderabic,  we  can  termine  the  relative  poiitioss  of  son^e  of  the  soialleet  that 

hardly  account  fur  it,  otherwise  than  by  admitliiig  a  pro-  appear  near  tikcm,  whoso  placte  can  be  ascertained  witli 

per  motion  in  one  or  the  otfaerof  tfaestafs,or  in  our  mlar  sufficient  exactness,  we  stay  perhaps  be  able  to  judge  to 

tyslcro  :  most  probably  he  says,  neither  of  the  three  is  at  what  cause  the  change  is  owing,  if  any  besbservaUe.    The 

rest.     He  also  anspects  a  proper  motion  in  one  of  ibedou-  uncertainty  that  we  are  at  ^irewnt  nnder,  with  respect  to 

ble  Start,  in  Cauda  Lyncis  Media,  and  in  0  Ceti.     Phil,  the  degree  of  accuroicy  with  which  former  astronoinws 

Trans,  vol.  7^1  part  1,  pa.  117,  143,  160.  could  observe,  iBakts  us  unable   to  det^rmioc  teveiaj 

It  is  reasonable  to  expect,  that  other  instances  of  the  ihinga  relating  to  this  subject ;  but  the  improvements, 
like  kind  must  also  occur  among  the  great  number  of  vi-  which  have  of  late  years  beefi  mode  in  the  methods  of 
lible  stars,  because  their  relative  poaitions  may  be  altered  taking  tlie  places  of  the  heavenly  bodies,  are  to  great,  that 
fay  various  means.  For  if  our  own  solar  systeat  be  con-  a  few  years  may  hereafter  be  auHicieBt  to  settle  eom« 
cetved  to  change  its  place  with  cetpect  to  aJnolute  space,  points,  whi<:h  cannot  now  be  settled ;  by  comparing  eves 
this  might,  in  proceia  of  time,  occasi«n  an  appai'^t  the  earlieat  ofaservaUotis  with  tbooe  of  the  present  age. 
chanfie  in  the  angular  distencea  of  the  fixed  •tars;'and  Dr.  Huoke  communicated  several  observations  on  the 
in  tuJ^  a  case,  the  placee  «f  the  nearest  stars  being  more  apparent  motions  of  the  fi.fed  stars ;  aad  as  this  was  a  mat- 
affected  than  uf  those  (hat  are  very  resante,  their  relative  terofgreuC  importance  in  asUvnomy,sevwal  of  the  leairnod 
position  might  leeta  to  alter,  tliough  the  Mare  theiatelves  were  desirous  of  verifying  and  canhrQiinghisobiervaliani. 
were  really  immoveafete;  and  vice  versa,  we  may'iurOHac  An  instrument  was  actrordingly  contrived  by  Mr.  <^eofge 
from  tlie  observad  notion  -of  the  start,  [hat  our  sun,  wiili  Graham,  and  exM:utc(l  with  su'ipiiktug  irKactnets. 
alJ  its  planets  and  comets,  may  baMe  a  motion  towards  With  this  instrumtut  the  slary,  in  the  constcllatioii 
«ome  particolar  part'  of  the  heavens,  oa  aceount  af  a  Oraco,  was  frequently  observed  by  Messrs.  MolyneuXr  - 
greater  quantity  of  matter  caU«cted  lu  a  nuinher  ufsiaM  Bsadley,  tjid  Grahwn,  ifi  the  years  1725,  1726;  ^attd  ifa« 
and  their  surrouniling  ptaneis  there  tJttiaCed,  which  may  observations  were  afterwards  refieated  fay  Dr.BratUe/ 
parhaps  ocoaiion  a  gravitation  of  our  whole  aolar  system  with  an  instrument  contrived  by  the  tmne  Migenious  pet^ 
towards  iL  If  this  turimse  should  have  any  foundation,  son,  Mr.  Graham,  and  to  exact,  that  it  migfatbe  dependei 
as  Dr.  Herscbel  obsenes,  ubi  supra,  pa.  103,  it  will  show  on  to  half  a  second.  The  result  of  tliese  observations 
itself  in  a  series  of  some  years;  since  from  that  motion  was,  that  the  star  did  not  alwaysappeario  the  same  place, 
there  will  arise  another  kind  of  hitherto  unknown  paral-  hut  that  its  distance  from  the  lenilh  varied,  and  that  the 
IftK  (suggested  by  Mr,  Michell,  Philo«.  Trans,  vol  &7|  difiepence  of  the  apparent  placet  amounted  to  31  or  S2 
pa.  359),  the  investigation  of  which  may  account  forsome  seconds.  Similar  observations  were  made  on  other  stars, 
part  of  the  motions  already  observed  in  some  of  the  piin~  and  a  like  apparent  motion  was  found  in  them,  propor- 
«ipal  stars ;  and  for  the  purpose  of  determintag  the  direc-  tional  to  the  latitude  of  the  star.  This  motion  was  by  no 
tionand  quantity. of  such  amotion,  accurate  observations  means  such  as  watto  have  been  expected,  as  the  effect  of 
of  the  distance  of  start,  that  are  near  enough  lo  be  raea-  a  parallax,  atid  it  was  some  time  before  any  way  couJd  be 
aured  with  a  micrometer,  and  a  very  high  power  of  tele-  found  of  accounting  tor  this  new  phenomenon.  At  length 
scopes,  may  be  of  considerable  dse,  as  Aey  will  undoubt-  Dr.  Bradley  resolved  all  its  variety,  in  a  satislacEory  man- 
edly  give  nt  the  relative  places  of  those  stars  to  a  much  ner,  by  th&  motion  of  light  and  the  motion  of  the  earlh 
greater  degree  of  accuracy  than  they  can  tic  had  by  ii;-  compounded  tt^ther.  See  AKUiitAXios  asd  LiouT* 
strumenls  or  sectors,  and  thereby  much  sooner  enable  us  and  Phil.  Trans.  No.  406,  pa. 364. 

(o  discover  any  apparent  change  in  their  situation,  qcca-  That  excellent  astroDomer  had  'Uo  saoner  discorcr- 

tioned  by  this  new  kind  of  siecuiar  or  systematical  psral-  ed  the  cause,  and  sittted  the  lows  of  abcrcahon  of  the 

lax,  if  we  may  so  express  the  change  arising  from  tbe-roo-  filled  stars,  than  his  attention  was  again  excited  by  ano- 

tion  of  the  whole  solar  system.  ther  new  phenomenon,  viz,  an  annual  change  of  <leclinar 

And,  on  the  other  hand,  if  our  system  be  at  rctt,  and  lion  in  some  of  tfa^  fixed  stars,  which  appeared  to  be  sen- 

any  of  the  start  really  >n  motion,  this  might  likewise  vary  sibly  itreatar  than  a  pn-cession  of  the  equinoctial  points, 

their  apparent  positions,  and  the  more  to,  the  nearer  they  of  50^"  in  a  year,  would  have  occasioned.     Thisappaient 

are  to  us,  or  the  swifter  their  motions  are  ;  or  the  man  change  of  declinati'in  was  observed  in  the  stare  near  the 

proper  the  direction  of  the  motion  is  to  be  rentlered  pur-  equinoctial  colure ;  and  there  appearing  et  the  same  tine 

cepiibleby  us.     Since  then  the  relativeplacea  of  the  stam  an  effect  of  a  quiti' cnnlraTy  nature,  in  some  stars  near 

-may  be  changed  from  such  a  variety  of  oaust's,  considet-  the  solstitial  coiurc,  which  teemed  to  slier  their  declina- 

ing  the  amaaing  diiiance  at  which  it  it  certain  tome  of  tion  kts  than  a  precession  ,of  50"  fequir<'d,  Dr.BradW 

them  are  placed,  it  may  require  the  observations  of  many  was  thereby.canvinoed,lhatali  tbe  phenomena  in  the  dit- 

ages  to  determine  the  laws  of  the  apparont  changes,  even  ferent  stars  could  not  be  accounted  for  meicly  by  suppo- 

of  a  single  star ;  much  mote  difficult,  therefore,  must  it  be  sing  that  he  had  assumad  a  wrong  quantity  for  the  pt«c«»- 

ta  aetlle  the  laws  relating  to  all  the  most  remarkable  of  sion  of  the  equinoctial  points.     He  bial  alto,  afier  man;^ 

them.  trials,  sufficient  reason  to  conclude,  that  these  tecood  un- 

When  the  causes  whioh  aflto  the  places  of  all  the  stars  expected  deviations  of  the  stars  were  not  owing  to  at^ 

■in  geiKral  are  known  ;  such  as  the  precession,  aberration,  imperfection  of  his  instrumeDti.    At  length,  from  npeat- 

and  -nutation,  it  may  be  of  singular  use  to  oKamine  nicely  ed  obiervatiom  Iw  began  to  guest  at  the  -real  caubo  of 

Aeralativesitnaiiouof  particular  stars,  andespecsalW  of  these  pheiwmnia, 
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Itappeftred  from  the  Doctor's  observaiionsi  durii^  bit 
residence  at  Wansted,  from  the  j ear  J72710  1732.  ibat 
»omeof  the  stars  near  tbe  solstitial  coluce  bad  changed 
tbeir  declinntions  gf  or  10"  lew  than  a.  precession  of  Stf' 
would  have  produced  ;  and,  at  the  lame  time,  that  othen 
near  the  equinoctial  calure  bad  altered  their*  alMWt  the 
same  quantity  more  than  like  a  preCG3»iun  would  have 
uccasiuned  :  ihe  north  pole  of  the  equator  seeming  to  have 
approached  the  tt&n,  which  come  to  the  meridian  with 
the  sun  about  the  vernal  equinoi,  and  the  winter  solstice ; 
and  to  have  receded  from  those  which  come  to  the  meridian 
with  the  sun  about  the  autumnal  equinox  and  the  summer 

From  the  consideration  of  these  circumstances,  and,  the 
situation  of  the  ascending  nude  of  the  moon's  orbit  when 
-he  firet  began  to  make  his  observations,  he  suspected  that 
the  moon's  action  on  the  equatocial  parti  of  the  earth 
might  produce  these  effects.  For  if  the  precession  of  the 
equinox  be,  according  to  Sir  Isaac  Newton's  principles, 
caused  by  the  actions  of  the  sun  and  moon  on  those  parts; 
the  plane  of  the  moon's  orbit,  bei^g  at  one  time,  above  10  ' 
d^Fees  more  inclined  to  the  plane  of  the  equator,  than  at 
another,  it  was  reasonable  to  conclude,  that  the  part  of 
the  whole  annual  precession  which  arises  from  her  action, 
would,  in  different  yeats,  be  varied  in  its  quantity; 
whereas  the  plane  of  the  ecliptic,  in  which  the  sun  ap- 
pears, keeping  always  nearly  the  same  inclination  to  the 
equator,  that  part  of  the  precetiioti  which  is  owing  to 
the  sun's  action,  jnay  be  the  same  every  year;  and  from 
hence  it  would  follow,  that  though  the  mean  annual  pre- 
cession, proceeding  from  the  joint  actions  of  the  sun  HJid 
moon,  were  50'';  yet  the  apparent  annual  precession  might 
sometimes  exceed,  and  sometimes  fall  short  of  that  mean 
quantity,  according  to  the  various  situations  of  the  nudes 
'  of  the  moon's  orbit. 

In  the  year  1737,  the  moon's  ascending  node  was  near 
the  beginning  of  Aries,  and  consequently  her  orbit  wa>  as 
much  inclined  to  the  equator  as  it  can  at  any  time  be  ; 
and  then  the  apparent  annual  precession  was  founil,  by 
the  Doctor's  first  year's  observations,  to  be  greater  than 
the  mean  ;  which  proved,  that  the  stars  near  the  equinoc- 
tial colure,  whose  declinations  are  most  of  all  affected  by 
the  precebslon,  had  changed  theirs,  above  a  tenth  part 
more  than  a  precession  of  50"  would  have  caused.  The 
succeeding  year's  observations  proved  the  same  thing; 
end,  in  three  or  four  years'  time,  the  difference  becume  so 
considerable  as  to  leave  no  room  to  suspect  it  was  owing 
to  any  imperfection  either  of  the  instrument  or  observation. 

But  some  of  the  stars,  that  were  nekr  the  solstitial  co- 
lure,  having  appeared  to  move,  during  the  same  time,  in 
a  jnanner  contrary  to  what  they  ought  to  have  done  by 
an  increase  of  the  precession  ^  and  the  deviations  in  them 
being  as  remarkable  .as  in  the  others,  it  was  evident  that 
Mmcthing  moiy  than  a  mere  change  in  the  quantity  of 
tlie  precession  would  be  requisite  to  solve  this  part  of  the 
phenomenon.  On  comparing  the  observations  of  stars 
neur  the  solstitial  colure,  that  were  almost  opposite  to 
each  other  in  rij^bt  ascension,  they  were  found. to  be 
equally  affected  by  this  cause.  For  whilst  y  Draconis 
appeared  to  have  moved  northward,  the  small  star,  which 
is  the  35th  Camelopardali  Hevelii,  in  the  British  cata- 
logue, seemed  to  have  gone  as  much  towards  the  south  ; 
which  showed,  that  this  apparent  motion  in  both  those 
stars  might  proceed  from  a  nutation  of  the  earth's  axis ; 
whereas  the  comparison  of  the  Doctor's  ubservatioui  uf* 
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the  same  ttan  formerly  enabled  him  to  draw  a  diflcreat 
conclusion,  with  reapei  t  to  the  cause  of  the  annual  altera- 
tions arising  from  the  motion  of  light  Fur  the  apparent 
alteration  in  y  Draconis,  from  that  cause,  being  as  largu 
agun  as  in  the  other  small  star,  proved,  that  that  did  not 
proceed  from  a  nutution  of  the  earth's  axis  ;  as,  on  the 
contrary,  this  might. 

On  making  the  like  comparison  between  the  observa- 
tions of  other  stars,  that  lie  nearly  opposite  in  right 
ascension,  whatever  thfir  situations  were  with  respect  to 
the  cardinal  points  of  the  equator,  it  appeared,  that  their 
change  ofdeclination  was  nearly  equal,  but  contrary;  and 
such  asanutation  or  motion  of  the  earth's  axis  nould  effect. 

The  moon's  ascending  node  being  now  returned  to  the 
beginning  of  Capiicorn  in  the  year  1732,  the  stars  near 
the  equinoctial  colure  appeared  about  that  time  to  change 
their  declinations  do  more  than  a  precession  of  50"  re- 
quired; while  some  of  those  near  the  solstitial  colure 
altered  theirs  above  Z"  in  a  year  less  than  they  ought. 
Soon  after  tbe  annual  change  of  declination  of  the  former 
was  perceived  to  be  diminished,  so  as  to  become  less  than 
50^'  of  precession  would  cause;  and  it  continued  to  dimi- 
nish till  the  year  1736,  when  the  moon's  ascending  node 
was  about  the  beginning  of  Libra,  and  her  orbit  had  the 
least  inclination  to  the  equator.  But  by  this  time,  some 
of  the  stars  near  the  solstitial  colure  had  altered  iheir  do-  - 
clinations  l&"  less  since  the  year  1727,  than  tlH-y  ought 
to  have  done  from  a  precession  of  50".  For  y  Draconis, 
which  in  those  9  years  would  have  gone  about  a"  more 
southerly,  was  observed,  in  1736',  to  appear  lo"  nior« 
northerly  than  it  did  in  the  year  I7ST. 

As  thit  appearance  in  /  Uraconis  indicated  a  diminu- 
tion of  the  inclination  of  the  earth's  axis  to  the  plane  of 
the  ecliptic,  and  as  several  astronomers  had  suppled  that 
inclination  to  diminish  rt^ularly  ;  if  this  phenomenon  de- 
pended on  SQch  a  cause,  and  amounted  to  18"  in  9  years, 
the  obliquity  of  the  ecliptic  would,  at  that  rate,  alter  a 
whole  minute  in  30  years  ;  which  is  much  faster  than  any 
observations  before  made  would  allow.  Tb<-.  Doctor  hdd 
therefore  reason  lo  think,  that  some  part  of  this  motion 
at  least,  if  not  the  whole|  was  owing  to  the  moon's  action 
on  the  equatorial  parts  of  the  earth,  which  he  conceived 
might  cause  a  libratory  motion  of  the  earth's  axis.  But 
as  he  was  unable  to  judge,  from  only  9  years'  observation, 
whether  the  axis  would  entirely  recover  the  sHme  position 
that  it  had  in  the  year  1727,  he  found  it  necessary  to  con- 
tinue his  observations  through  a  whole  period  of  the 
moon's  nodes;  at  the  end  of  wiiich  he  had  the  satisfac- 
tion to  see,  that  the  star*  returned  into  the  tame  positions 
a!:nin,  as  if  there  had  been  no  alteration  at  all  in  the  in- 
clination of  the  earth's  axis  ;  which  hilly  convinced  him, 
that  he  bad  guessed  rightly  as  to  the  cause  of  the  pheno- 
menon. This  circumstance  proves  likewise,  that  if  there 
be  a  gradual  diminution  of  the  obliquity  of  tbe  ecliptic,  it 
does  not  arise  only  from  an  alteration  in  the  position  of 
tbe  earth's  axis,  hut  rather  from  some  change  in  the 
plane  of  the  ecliptic  itself;  because  the  stars,  at  the  end 
■f  the  period  of  the  moon's  nodes,  appeared  iu  the  same 
places,  with  respect  to  tbe  equator,  as  they  ought  tu  have 
done  if  the  earth's  axis  hod  retained  the  same  inclination 
to  an  invariable  plane- 

.The  Doctor  having  communicated  these  observations, 
and  bis  opinion  of  their  cause,  to  the  late  Mr,  Machin, 
that  excellent  geometrician  soon  after  sent  him  a  table, 
containing  the  quantity  of  tbe  annual  prcGeuioD  in  the 
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vitnoui  positions  or  the  moon's  nodes,  bs  «1so  the  Carre-         Piact  itfa  Stak.     See  Place. 
spending  nutalions  of  rhe  earth's  axia ;  wbich  was  com-         Pole  Star.     See  Polb. 
puted.on  the  supposition  that  the  mean  annual  precession         Tvfinicling  qf  the  Stars.     See  TiriNKLINa. 
is  so",  and  that  the  whole  is  governed  by  the  pole  of  the         Unformed  Stabs.     See  Inpokues. 
moon's  orbit  only ;  and  therefore  Mr.  Machin  imagined,         Cataliigiics  of  the  stars,  with  their  litnatioDS  in  right- 

that  the  numbers  in  the  table  nould  be  too  large,  as,  in  ascension  and  declination,  raay  be  seen  in  Mr>  Vince'a 

fact,  they  were  fonnd  to  be.     But  it  appeared  that  the  and  most  other  books  on  Astronomy;  also  in  Zach's  and 

changes  which  Dr.  Bradley-had  observed,  both  in  the  an-  Wollaston's  tables,  and    the    £cench  Connoissancc  des 

nuai  precession  and  nutation,  kept  the  same  law,  as  to  in-  Tems,  &c. 

creasing  and  decreasing,  with  the  nnmbera  of  Mr.  Ma-         Stak,  in  Electricity,  rleootes  the  appearance  of  the 

chin's  table.     Those  were  calculated  on  th^  supposition,  electricvmatter  on  a  point  into  which  it  enters.     Beccaria 

that  the  pole  of  the  equator,  dnringa  period  of  the  moon's  supposes  that  the  Star  is  occasiojied  by  the  difficulty  witb 

nudes,  moved  round  in  the  periphery  of  a  little  circle,  which  the  electric  fluid  in  extricated  from  the  air,  which 

whose  centre  was  S3°  29'  distant  from  the  pole  of  the  isan  electric  substance.     See  Bbush. 
ecliptic ;  having  itself  also  an  angular  motion  of  50*  in  a         Star,  in  FortiGcation,  denotes  a  small  fort,  having  5 

year  about  the  same  pole.    The  north  pole  of  the  equa-  or  more  points,  or  saliaut  and  re-entering  angles,  flanking 

tor  was  conceived  to  be  in  that  part  of  the  small  circle  one  another,  and  their  faces  90  or  100  feet  long, 
which  is  farthest  from  the  north  pole  of  the  ecliptic,  at         Star,  in  Pyrothechny,  a  composition  of  combustible 

the  same  time  when  the  moon's  ascending  node  is  in  [be  matte'rs ;  which  being  borne,  or  thrown  aloft  into  the  air, 

beginning  of  Aries;  and  in  the  opposite  point  of  it,  when  exhibits  the  appearance  of  a  real  star. — Star?  are  chiefly 

the  same  node  is  in  Libra.  used  as  appendages  to  rockets,  a  number  of  them  being    , 

If  the  diameter  of-  the"  little  circle,  in  which  the  pole  usually  inclosed  in  a  conical  cap,  or  cover,  at  the  head  uf 

of  the  equator  moves,  besupposed  equal  to  18",  which  the  rocket,  and  carried  up  with  it  to  its  utmost  height, 

is  the  whole  quantity  of  the  nutation,  as  collected  from  where  tfae  stars,  taking  fire,  are  ^read  around, and  exhibit 

Dr.  Bradley's  observations  of  the  star  y  Draconis,  then  an  agreeable  spectacle. 

all  the  phenomena  of  the  several  stars  which  he  observed         To  make  Slur*. — Mix  3lbs  of  saltpetre,    1 1  ounces  of 

will  be  very  nearly  solved  by  this  hypothesis.     But  for  sulphur,  one  of  antimony,  and  3  of  gunpowder  dust :  ur, 

the  particulars  of  his  solution,  and  the  application  of  his  12  ounces  of  sulphur,  6  of  saltpetre,  54  "^  gunpowdLT 

theor^r  to  the  practice  of  astronomy,  we  must  refer  to  the  dust,  4  of  olibanum,  one  of  mastic,  camphor,  subliiuaCo 

excellent  author  himself ;  our  intention  being  only  to  give  of  mercury,  and  half  an  ounce  of  antimony  and  urpimeot. 

the  history  of  the  invention.  Moisten  tbe.mass  with  gumwater,  and  make  it  into  little 

The  corrections  arising  from  the  aberration  of  light,  balls,  of  the  sise  of  a  chesnut;  which  diy  either  in  tho 

and  from  the  nutation  of  the  eafth's  axis,  must  not  be  sun,  or  in  the  oven.     These  being  set  on  fire  in  the  air, 

neglected  in  a«tronnmical  observations;  since  such  ne-  will  represent  i tan. 

gleets  might  produce  errors  of  near  a  minute  in  the  polar         STAB-fioari^  dmotes  the  right  band   side  of  a' ship, 

distance  of  some  stars.     As  .to  the  allowance  to  be  made  when. a  person  on  board  stands  witb  the  face  looking  for- 

for  the  aberration  of  light.  Dr.  Bradley  assures  us,  that  ward  towards  the  head  or  fore  part  of  the  ship.     In  con- 

liaving  again  examined  those  of  his  own  observations,  trad istinction  from  Larboard,  which  denotes  the  left  hatid 

which  were  most  proper  to  determine  the  transverse  axis  side  of  the  ship  in  the  same  circumstances. — They  say, 

of  the  ellipsis,  wbich  each  star  seems  to  describe,  he  found  Starboard  the  helm,  or  Helm  a  starboard,  when  tbe  raau 

it  Co  be  nearest  to  40" :  and  ^'*  >■  the  number  he  makes  at  the  helm  should  put  the  helm  hi  the  right  hand  side  of 

use  of  in  his  compulations  relating  to  the  nutation.     Dr.  the  ship. 

Bradley  says,  in  general,  that  experience  has  taught  him,         Rtilaig  Star,  or  Shootijig  Star,  r  luminous  meteor 

that  the  observations  of  such  stars  as  lie  nearest  the  ze-  darting  rapidly  through  the  air,  and   resembling  a  Star 

nith,  generally  agree  best  with  one  another,  and  are  there*  falling, — The  explication  of  this  phenomenon  has  puszled 

fore  Attest  to  prove  the  truth  of  any  hypothesis,     Phil,  all  philosophers,  till  the  modern  discoveries  in  electricity 

Trans,  num.  485,  vol.  45,  pa.  I,  Sec.     See  our  article  have  led  to  the  most  probable  account  of  it.    Signior  Bec- 

NtTTATlOH.  caria  mokes  it  pretty  evident,  that  it  isan  electrical  m^ 

M.  Dalembert  has  published  a  treatise,  entitled.  Re-  pearance,  and   recites  the  following  fact  in   proof  of  JL 

cherchss  sur  la  Precession  des  Equinoxes,  et  sur  laNuta-  About  an  hour  after  sunset,  be  and  some  friends  that  were 

tion  de  la  Terre  dans  le  Systcme  Newtonieo,  4to,    Paris,  witb  him,  observed  a  falling  star  directing  its  course  to- 

I74P.    The  calculations  of  this  learned,  gentleman  agree  wards  them,  and  apparently  growing  larger  and  larger, 

in  general  with  Dr.  Bradley's  observations.     But  M.  Da-  but  it  disappeared  not  far  from  them ;  when  it  left  their 

lembert  finds,  that  tbe  pole  of  the  equator  describes  an  faces,  hands,  and  clothes,  tbe  earth,  and  all  the  neigb- 

ellipsis  in  the  heavens,  the  ratio  of  whose  axes  is  that  of  bouring  objects,  suddenly  illuminated  with  a  diffused  and 

■  *  to  S;    whereas,  according  to  Dr.  Bradley,  tbe  curve  lambent  light,  not  attended  with  any  noise  at  all.    During 

described  is  either  a  circle  or  an  ellipsis,  the  ratio  of  their  surprise  at  this  appearance,  a  servant  itiformed  them 

-whose  axis  is  as  9  to  8.  that  be  bad  seen  a  light  shine  suddenly  in  the  garden,  and 

The  several  stars  in  each  constellation,  as  in  Taurus,  cspeci.iUy  upon  the  streams  wbich  he  was  throwing  to 

Bootes,  Hercules,  &c,    see  under  the  proper  article  of  water  it.  All  these  appearances  were  evidently  electrical; 

each  constellation,  Taurus,  Bootes,  HKBCUiisa,  &C. —  and  Beccaria  was  confirmed  in  his  conjecture',  that  elec- 

To  learn  to  Jinow  the  several  fixed  stars  by  the  globe,  see  tricity  was  the  cause  of  them,  by  ibe  quantity  of  electric 

Globe.  matter  which  he  had  seen  gradually  advancing  towards 

(^raan^w/ar  Stabs.     See  Gircuiipol  a.  his  kite,  which  bad  very  much  the  appearance  of  a  falling 

Jtforati^STaB.    See  Uoknino.  sUr.    Sometimes  alio  ne  saw  a  kind  of  glory  round  the 
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kite,  which  fulloHcd  it  wkto  it  clianged  its  place,  but  left  each  station,  and  obaervatioiH  nuh  forwardt  aad  back- 
tome  light,  fur  a  small  t pace  of  time,  in  the  place  it  had  wards. 

quitted.     PrinlW'i  £lecl.   *o).   1,  pa.  434,   8vo.     See  There  is  a  method  of  measuring;  dislaoces  at  one  sia- 

lOKis  Fetuta.  tion,  in  the  Philus.  Trsu.  nuiob.  7>  by  means  of  a  lele- 

i:)TAR-/on,  or  Jk^oute,  inForliicalton,    SeeSTAR,RE-  scope.     I  have  heard  of  another,  by  Mr.  Kaniitdcii ;  and 

BODBT,  and  Tom.  have  aeen  other  ingenious  ways  by  Mr.  Green,  &c,  coiisist- 

STARLINGS,  orSTBKLiN«s,  er  JlMf«r«j  a  kjnd  ofcate  ing  of  a  permaneut  scale  of  divisinns,  placed  at  any  point 

nade  about  a  pier  built  un  stilts,  &c,  to  secure  it.     See  whose  distance  is  required  ;  then  the  numlter  ot  divisions 

Stilts.  seen  through  the  telescope,  gives  the  distance  sought. 

STATICS,  a  branch  of  malhcinatics  which  cousidcrs  Statioit-Lim,  in  Surveying,  and  iiae q/' Siuiion,  in 

weight  or  gravity,  and  the  tnoiioa  of  bodies  resulting  from  Perspective.     Sec  Line. 

it.     Thoae  who  deljne  mechanics,  the  tcience  of  n>ouon,  STATIONARY,  in  Astronomy,  the  state  of  a  planet 

■ako  statics  a  part  of  it  ]  vii,  thm  part  whicii  considers  wben,lo  an  obsc'rver  on  the  earth,  it  appearsforsome  lime 

the  motion  of  bodies  arising  from  j^raviiy.     Uthers  make  to  stand  btilt,  oi;  remain  itninuveable  in  the  same  place  in 

ibem  tw«  distinct  doctrineti ;  rcsliaining  Diechnnics  to  the  the  heavens.     For  as  the  planets,  to  such  an  observer, 

doclnne  of  motion  and  vrcight,  as  depending  on,  or  cod-  have  sutnetimes  a  pn^ressive   motion,  and  someiinies  a 

nected  with,  the  power  of  machines ;  and  statics  to  the  retrograde  one,  there  must  be  some  point  between  the  two 

doctrinv  of  roniion,  considered  merely  as  arising  from  the  where  they  must  appear  stationary.     Now  a  planet  will 

weight  of  bodies,   without  any    imitiediale    respect    to '  be  seen  stationary,  when  the  line  that  joita  the  centres  of 


machines.     In  this  way,  statics  should  be  the  doctrine  or  the  earth  and  planet  is  constantly  directed  to  the  same 

theory  of  mution  i  and  mechanics,  the  application  of  it  to  point  in  the  heavens,  which  is  when  it  keeps  parallel  l« 

tnacbines.  itself.     For  all  right  lines  drawn  from  any  point  of  the    ' 

For  the  laws  of  statics,  seeGBATiTT,  Descrkt,  &c.  earth's  orbit,  parallel  to  one  another,  do  all  point  to  iha 

STATION,  or  Statiokart,  in  Astrunomy,  ijlu  jiosi-  samestar;  the  distance  of  these  lines  being  insensible,  ift 

lion  or  appearance  of  a  planet  in  the  same  paint  uf  the  coniparison  of  thatof  tbefised  stars, 

■odiac,  lor  several  days.    This  happens  from  the  observer  The  planet  Herschel  is  seen  statioiuiTy  at  the  distanca 

being  situated  on  the  earth,  which  is  for  out  of  the  centre  of  104°froro  thesun  ;  Saturn  atsomewhatsiaTe  than  90^; 

of  their  orbits,  by  which  they  seem  toprocet'd  irregularly;  Jupiter  at  the  distance  of  52°;  and  Mars  at  a  muck  greater 

bciug  sotnotintas  seen  to  go  forwards,  or  from  west  to  east,  distance ;  Venus  at  47'',  and  Mai:ury  at  38°. 

which  is  their  natural  direction;  sometimes  to  go  back-  Herschel  is  stationary  13  days,  Salttrn  8,  Jupiter  4,. 

wards,  or  from  east  to  west,  which  is  their  ret  rograda  tion  ;  Mars  3,  Venus  1-^,    and    Mercury  4  a  day:  though  th* 

aiid  between  these  two  slates  there  must  be  ati  intermediate  several  stations  are-not  always  equal ;  because  the  orbita 

oM,  where  the  planet  appears  neither  to  go  forwards  nor  of  the  pUoets  are  not  ftrcles  which  have  the  sun  in  their 

backwards,  but  to.  stand  still,  and  keep  the  tame  place  in  centre. 

A«  heavens,  which  is  called  ber  Ststioo,  and  the  plauet  is  STEAM,  the  vaponr  arisiag  from  water,  or  any  othei 

iben  said  to  be  Stationary.  liquid  or  moist  body,  when  considerably  heated.     Sub- 

Apollonius  PergtcuB  has  shown  how  to  find  the  sta-  terranean  steams  often  affect  the  surface  of  the  earth  in  » 

tionarr  point  of  a  planet,  according  to 'the  old  theory  of  remarkable  manner,  and  promote  or  prevent  vegetation 

tbe  planets,  which  supposes  them  to  move  in  epicycles;  more  than  anything  else.     It  has  been   imagined  that 

which  was  followed  by  Ptolemy  in  his  Almag.  lib.  12,  steams  may  be  the  generative  catise  of  both  minerals  an^ 

cap.  t,  and  others,  till  the  timeof  Copernicus.   Concern-  mrtals,  and  of  all  the  peculiaritieaof  sjmngs.     SeePbilos. 

ing  this,  see  Regiomontanus  in  Epitome  Almagcsli,  lib.  Trans,  vol.  5,  pa.  1154.— Of  tlie  use  of  the  air  to  elevate 

IS,  prop.  1;    Copernicus's    Revoluiionrs  Calest.    lib.   5,  the  steams  of  bodies,  see  pa.  2048  and  3f|7  ib. — Concern- 

CBp.33and3€;  Kepkr  ift  Tabulis  Rudolphinis,  cap.  24;  ing  the  warm  and   fertilising   temperature  and  steams  of 

Kiccioti's  Almag.  lib.  7,  sect.  5,  cap,  S :  Herman  in  Mis-  the  earth,  sec  Phike^  Tnins,  vu).  10,  pa.  307  and  35?. 

cellan.  Berolinens.  pa.  I£I7.     Dr.  Halley,  Mr.  Facio,  Mr.  See  also  Dr.  Hatnilton  "  On  the  Ascent  of  Vapours." 

Dcmoivre,  Dr.  Kelt,  snU  nihers  have   treated  on  this  sub-  The  steam  raised  from  hot  water  is  an  elsistic  fluid, 

j«ct.  Seealsothe  articles  Retrooeadb  and  STATiOKiKr  which,  like  air,  has  its  elasticity  proportional  to  its  density 

in  (hit  Dictionary.  when  the  beat  is  the  same,  or  propoirtMna]  to  tbe  heat 

Statiok,  in  Practical  Geometry  &c,  is  a  place  pitched  when  the  density  is  the  same.     The  steam  raised  with  the 

BpoD  to  make  an  obaervation,  or  take  an  angle,  or  such  ordinary  heat  of  boiling  water,  is  nearly  9000  timea  Tuer 

like,    as   >n  surveying,  measuring  hnghts-and- distances,  than  water,  or  about  5^  times  rarer  than  ail,  having  its 

levelling,  &c.     An  accessible  height  is  taken  from  one  elasticity  about  equal  to  that  of  the  Gommoa  air  of  the- 

station;  but  an  inaccessible  height  or  distance  is  only  to  atmosphere.     And  by  great  h«at  it  has  been  fownd  tbat 

be  taken  by  making  two  stations,  from  two  places  whose  the  tteam  may  be  expanded  into  14000  limee  tUe  spate  of 

dntaiKc  asunder  is  known,  in  constructing  maps  of  coun-  water,  or  may  be  inade  about  a  times  stronger  than  the 

ties,  provinces,  &c,  stations  are  fixed  upon  certain  emi-  atmosphere.     But  from  some  accidents  tbat  have  hap- 

nences  kt  of  the  country,  and  angles  taken  from  thence  pened,  it  appears  that  steam,  suddenly  raised  from  wate^ 

tt>  the  Several  towns,  villages,  &c.— In  surveying,  the  in-  or  moist  substances,  by  the    (mmeiliate    applicatson  of 

strument  is  to  be  adjusted  by  the  needle,  or  otherwise,  to  stivi^  heat,  is  vastly  ttrongar  than  tbe  atmosphere,  or 

answer  the  points  of  the  horiaon  at  every  station ;  the  dis-  even  than  gunpowder  itself.     We  have  an  inttaoce  of  this- 

tance  from  hence  to  the  last  station  is  to  he  measured,  and  in  what  happened  at  a  foundery  of  canncw  at  MoorieldSr 

an  angle  is  to  be  taken  to  the  next  station ;  which  process  when  upon  the  hot  metal  flrst  running  into  the  aotild  iiv  - 

repeated  inclll<les   the  chief  practice  of  surveying. — In  the  earth,  some  small  quantity  of  water  in  the  bottom  of 

levelling,  the  instniment  is  Kcttfed,  or  placed  level  at  it  was  suddenly  cbangad  into  stean,  whick  b;  its  explo- 
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■ion,  blew  the  foundery  to  aloaii.     I  remember  another    tained 


STE 


■uch  accident  at  a  foundeiyal  Newcastle;  the  founder 
faaving  purchased,  'among  aome  old  brOM,  a  hollow  brass 
ball  that  bad  been  U!<ed  for  many  yean  aa  a  valve  in  a 
pump,  wJthJRsJde  of  which  it  seems  ume  water  had  in- 
sinuated iiselfi  and  having  ^ut  it  into  his  lire  to  melt, 
when  it  had  become  very  hut,  it  suddenly  bunt  with  a 
prodigious  DoiK,aQil  blew  the  adjacent  parts  of  the  fur- 
nace in  pieces. 

The  observations  on  the  different  degrees  of  tempera- 
ture acquired  by  water  in  boiling,  under  ditferentpreaaures 
of^the  atmosphere,  and  the  formation  of  the  vapour  from 
water  under  the  receiver  of  an  air-pump,  when,  with  the 
common  teroperatum,  the  pressure  is  diminished  to 


a  t«bl«  of  four  columns,  which  art  but  liUl*  , 
ditfereitt,  according  to  the  different  <(uantitics  of  water  in 
the  vessel.  It  is  here  obtcrval^le,  that  the  increase  ib  th« 
axpaoaive  force  of  the  vapour,  is  at  first  very  slow  ;  bitt 
gradually  increasingfastervud  faster,  till  at  last  it  becomca 
very  rapid.  Thus,  the  !>trength  of  the  vapour,  at  &0  d^ 
greet,  is  ofily  equal  to  38  French  inches  of  mercury  ;  but 
at  110  degrees  it  is^qijal  lo  no  less  than  p8  inches,  that  it 
i  times  and  a  half  mora  for  tbe  tDcrea»  of  e&ly  30  de-  ' 
grees  of  heat. 

To  cxprcas  analytically  the  relation  between  the  dcgieas 
of  teiapierature  af  the  vapour,  aad  in 


s  cxpauive  force, 
i  author  employs  a  method  devised  by  M.  Pruny; 
which  consists  ia  cooceiviug  (he  beighti  of  the  culvniu  <^ 
certain  degree,  have  taught  us  that  the  expansive  force  of  mercury,  measuring  the  expHnsive  force,  to  represent  the 
vapour  or  steam  is  difi'irent  in  the  different  temperatures,  ordinates  of  a  curve,  and  the  degrees  of  heat  as  tb«  ab- 
and  that  in  general  it  increascs'in  a  variable  ratio  as  the  icisses  of  the  same;  making  the  oi^inatn  equal  lo  lb*  , 
temperature  is  raised.  aura  of  several  logarithmic  ones,  which  contain  twoindar 

But  there  wa*  wanting,  on  this  important  aut^jact,  a  se-  terminates,  and  determining  ihete  quantities  so  that  the 
lies  of  exact  and  direct  experiments,  by  means  of  which,  curve  may  agree  with  a  sufficient  number  of  obacimtioM 
having  given  the  degree  of  tcmpeniinre  in  boiling  water,  taken  throughout  their  whole  extent.  Then  constructing 
we  might  know  the  expansive  force  of  the  steam  rising  the  curve  which  results  immediately  from  the  experimentSt. 
from  it ;  and  vice  vena.  There  was  wanting  also  an  an*-  and  that  given  by  the  formiiU,  these  two  curves  are  found 
lytical  theorem,  expressing  the  relation  between  the  tein-  to  coincide  almost  perfectly  together!  tke  small  differ- 
perature  of  boiling  water,  and  the  pressure  with  which  the  encea  being  doubtless  owing  to  the  little  irregularities  in 
force  of  its  steam  is  in  equiUbriuro.  Thia  has  now  been  the  experiments  and  in  dividing  tlie  acak;  «a  that  tbft  . 
accomplished  by  M.  Betancourt,  an  ingenious  Spanish  phenomena  may  be  considered  as  truly  represented  by  the 
philosopher,   the  particulars  of  which  are  described  in  a     formula. 

memoir  communicated  to  the  French  Academy  of  Sciences  M.  fietanconrt  made  also  experiments  with  the  vapour 
in  1790,  and  ordered  to  be  printed  in  their  collection.of  from  spirit  of  wine,  similar  tq  those  tnade  with  water;, 
the  Works  of  Strangers.  constructing  the  curve,  and  giving  the  formula  proper  to 

The  apparatus  which  M.  Betancourt  makes  use  of,  is  the  tame.  From  which  is  derived  tliii  remarkable  result, 
acopper  vessel  or  boiler,  with  its  cover  firmly  soldered  that,  for  any  one  and  the  same  degree  of  heat,  the  strength, 
on.  The  cover  has  three  holes,- which  close  up  with  of  the  vapour  lif  spirit  of  wine,  is  to  that  of  water,  always 
screws:  the  first  is  to  put  the  water  in  and  out;  through'  in  thesame  ctNistant  i-atio,  vii,  that  of  7  to  3  very  nearly; 


the  second  passes  the  stem  of  a  thermometer, 
the  whole  of  its  scale  or  graduations  above  the  vessel,  and 
its  ball  within,  where  it  is  immersed  either  in  the  water  or 
the  steam  according  to  the  different  circumstances ;  through 
the  third  bole  passes  a  tube  forming  a  communication 
between  the  cavity  of  the  boiler  and  one  branch  <  ' 


the  strength  of  the  former  being  always  2J  times  tbe 
strength  of  the  latter,  with  the  same  degree  of  heat  in  the 
liquid. 

Of  the  Formida,  or  Equation  to  the  Cwve. 

The  equation  to  the  curve  of  teroper|iture  and  pressure,. 

denoting   the   relation    between    the   abscisses   and   ordi- 


verted  syphon,  which,  containing  mercury,  acts  as  a  ba-  natce,  or  between  the  temperature  of  the  vapour  and  its 
rometer  for  measuring  the  pressure  of  the  elastic  vapour     strength,  i^  for  water, 

within  the  boiler.     There  is  a  tburtli  hole,  in  the  side  of  /  +  "  _  j"  ■*"  ''*      j'  "^  *"*  ^  j**  "^  *"" 

the  vessel,  into  which  is  inserted  a  tube,  with  a  turn-cock,  ^^J^  ^^^^^^  j,^^  tbscisse.  rf  the  c^rve,  v  the  degree. 
mak.ngacomi.umcat.onw.UjthjErece.verofana,r-pump,  „f  geaumnr-s  thermometer ;  and;  the  corre^ndinj  or- 
for  Mtracting  the  air  from  the  boiler,  and  lo  prevent  its    ^.^^^^^  ^.  ,j^^  ^^j^j,,^  ^f  (^  „i„^„  ^  „,„,      i„  §^, 

inches,  representing  the  strength  or  elasticity  of  the  vapour 
answering  to  the  number  «  of  degrees  of  the  thermometer. 


letum. 

The  appuatot  being  prepared  in  good  order,  and  di- 
■tilled  ■        ■       .  ■  -    ->    .   ■ •--  '^--  ■   .- 


and 


sd  water  introduced  into  the  boiler  by  the  first  hole,       ^       6  .        ^^.    ,^^^  j^  ^jj^  ^  „„„ber  • 

then  stopped,  as  well  as  the  end  of  the  inverted  ly-     ^f  .hg  ,xt)erin»:nts    the  val         -   ■  '^    "^ 


experiments, 
conie  gut  as  below 
b 


e  values  of  the  constant  quantities. 


phon  or  batotnetar,  M.  Betsncouk  surrounded  the  boiler 
with  ice,  to  lower  the  temperature  of  the  water  to  the 
freesing  point,  aad  then  extracting  all  ibe  air  from  the 
boiler  by  meatM  of  the  air-pump,  the  difference  between 
the  columns  of  mercury  in  tbe  two  branches  of  the  kar<H 
meter  is  the  measure  of  the  spring  of  the  vaponr  aiising 
from  the  water  in  that  tera'^ratiut.  Then,  lighting  the 
fire  below  the  boiler,  he  riauA  gradually  the  tctriperature 
of  the  water  from  0  lo  110  ilegarea  of  Reaumur's  thermo- 
meter;  being  the  same  as  from  94  to  312  degrees  of  Fah- 
renheit's ;  imA  for  each  degree  of  elevatien  in  the  tempera-         .  -.,  — ., .    ■  . 

tnre,  be  observed  the  height  of  the  column  of  mescury    equation  are  <cry  efsy  to  calculate.     For,  b  being  tne 

whieh  measured  the  elasticity  or  pressure  of  the  vapour.      radix  or  root  cf  the  common  system  of  logarithms,  ana 

The  resnlla  of  W-  BetaneoBrt'a  exptrimcatt  are  con-    all  the  t«BU  <m  the  teconA  fide  of  the  e<inaiiBn  bang  tta 


0068831 

0019438 

0-013+9* 
.  ♦■689760 

0058622 
.  3-937600 

D-0«9330 
Hence  it  ia  evident  by  inspection,  thatthe  terms  of  the- 


y  Google 


STE  [    «8    ]  STE 

('  =  -  o-ogGiSs  ' 

e     =  ~   2-509a4« 
c"    m  0-04£l73 

«'     =    -    1-790IJ)8 
(T  =  0-039448 

A   =         1-126*7 
This  formula  is  of  the  same  nature  as  the  former, 
having  also  the  like  ease  and  coaveDience  of  calculabon  ; 
s  the  second  term  b  ,  havins 

thoK  two  term,  m.ke  but  .  .m.ll  p.rt  of  lb.  ■,&  for-    •«••'«  >«  °»'"f ^  '"»»  >!>•  l""'  f  e'«  of  f -per- 
t  '  ature :   also    the  dinerence  between  the  last  two  teritis 

mala.  .  .  j_       j  .  ^_ 

Aad  for  the  spirit  of  wini 

.«  +  «       in'  +  c'i      .  .    _  _  _ 


powen  of  h,  these  terms  are  consequeDtly  the  tabular  na- 
tural numbers  having  the  variable  exponent;  for  their  lo- 
garithms. Nov  as  T  rises  only  to  the  first  power,  and  is 
multiplied  by  a  constant  number,  and  another  constant 
ntimber  being  added  to  the  product,  gives  the  variable 
exponent,  or  logarithm;  to  which  then  is  immediately 
found  the  coirespouding  natural  number  in  the  table  of 
lonrithms. 

Jn  the  above  formula,  the  two  last  terms  may  be  eu-         j      j, 
tirely  omitted,  as  very  small,  a»  far  as  to  the  90th  d^ree    ?""  P*™"?^  " 


rroutais  —  h            +b             may  be  omitted  till  the  70lh  de- 

I       ,^  +  if*        .  gree,  for  the  same  reason.     So  that,  to  the  10th  degree  of 

Wheiwjrand*,  as  before,  denote  the  absciss  and  ordinate  temperaturethe  theorem isunlyj<  =  6''^"' +  6  *  '-A; 

of  the  curve,  or  the  temperature  and  espansive  force  of  """1  f"""  the  10th  to  the  70th  degree  it  is  barely  y  = 

the  vapour  from  the  spirit  of  wine;  also  the  values  of  the  ,  b'**'^  ~  A;  after  which,  for  the  last  15  or  20  degrees,  for 

constaot  quantities  are  as  below  :  great  accuracy,  the  last  two  terms  may  be  taken  in. 

i     =       10*  A  compendium  of  the  table  of  the  experiments  here 

a     a  —  0*04853  follows,  for  the  vapour  of  both  water  and  spirit  of  wine, 

c     ^         0*02393  ^'  temperature  by  Reaumur's  theimumeter,  and  the  ba- 

J    =t  —  0*63414  rometer  in  French  inches. 


TabU  qf  the  TM^croture  aad  Strtwtk  qf  ike  Vapowr  nf  Watat  oaA  Spirit  nf  Wine,  by  fiouiMr'i  ThermomtUr 
aad  Pmch  Indict. 

it^i. 

Da.  of 
RauTTher. 

VswoiofWMer. 

V-pour  of  Sfriril 

VipourofWiwr. 

V«x»rofSp>H 

1 

QOITO 

0-0043 

35 

2-1374 

5-0256 

2 

0-OS46 

0-0208. 

30 

2*28+6 

5-3741 

3 

00538   ■ 

0-0478 

37 

2-4401 

56423 

4 

0-074.7 

00837 

38 

2-6045 

6*1315 

5 

0-1038 

0  1279 

39 

2-7780 

6-5426 

6 

01211 

0-1794 

40 

2-97  U 

6-9770 

-7 

0-1508 

0-2377 

41 

3-1544 

7-W60 

8, 

0-174! 

0-3024 

42 

■3-35B3 

7-9211 

9 

0*2073 

0-3733 

43 

3-5735 

8-4336 

10 

02304 

0-4502 

44 

3-8005 

8-9751 

il 

0  2681 

'    0-S130 

45 

4-0399 

9-5476 

12 

03039 

0-6058 

46 

4-2922 

10-1516 

13 

0-3419 

0704O 

47 

4-5532 

10-7906 

14 

0-3877 

0-8077 

48    * 

4-8386 

11-4606 

15 

0-4258 

0-9172 

49 

5*1346 

12-1800 

16 

0-4778 

1-0330 

50 

5-4453 

12*9340 

17 

0-5208 

1*1553 

SI 

,  5*7706 

13-7300 

18 

0-5730 

1-2846       > 

52 

6*1194 

14-5720 

I9 

00283 

1*4212 

5S 

6-4834 

15-4610 

20 

0-6872 

1-5655 

54 

6-8607 

16-4000 

21 

0-7  «7 

1-7180 

$5 

7-27B8 

17-3930 

22« 

0-8159 

1-8791      , 

56 

7-6948 

18-4420 

2d 

0*8863 

2-0494 

57 

8-1412 

19-5081 

24 

0-9810 

58 

86221 

20-6286 

25 

1-0402 

24194 

59 

9-1071 

21-6071 

28 

M239 

2*6202 

60 

9-6280 

230544 

27 

I -21 27 

2-8325 

61 

10-1767 

24-3451 

2S 

1-3069 

30568 

62 

10*7098 

25-6107 

29 

1*4065 

3*2937 

63 

11*3602 

27-144* 

30 

1-5019 

3*5441 

64 

]  1-9B76 

28-6+83 

31 

I -6333 

38087 

65 

12-6687 

30-2262 

32 

J-7413 

4-0883 

66 

13-3743 

31-8795 

S3 

1*6671 

4-3837 

67 

14-1161 

33-6114 

3* 

1*9880 

4^6958 

68 

14*8958 

35-4258 
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HdghlofthtBuomttnfbc 

HeisbtofdwBuoaMtifdr 

Rau-iw. 

ViixrarofWMT. 

'VipoDToFSmrii 

Dw.of   ' 

V.pouro(WM«. 

V.f^or8pid. 

ofWne. 

69 

15-7153 

37-3232 

90 

43  870 

98-2764 

70 

16-377 

39-3076 

91 

48-092 

71 

I7-482 

41-3807 

92 

50-408 

72 

lB-*33 

43  5465 

93 

52785 

73 

19-433 

45-8042 

94 

55-253 

7t 

20-+8J 

+8-1589 

95 

57'801 

75 

21-587 

50-6096 

96 

60-+23 

16 

22-746 

53-1593 

97 

63-J08 

77 

23-965 

55-8095 

98 

65-877 

79 

25-260 

5H-3968 

99 

68-692 

79 

20-588 

61-3037 

100 

71-552 

80 

28-006 

043324 

101 

744W 

81 

29-455 

67  4095     , 

102 

77-359 

82 

30-980 

70-4967 

103 

80-268 

ftS 

32-575 

73-7647 

104 

83259 

8* 

34251 

77-0764 

105 

85-992 

8i 

35-064 

80'4708 

loa 

B8'735 

8S 

37  800 

83'e351 

107 

91-367 

87 

39-697 

87-4625 

108 

93-815 

88 

41-642. 

91-1366 

109 

96-039 

89    , 

43-730 

94-6580 

110 

98-336 

M.Betancourtdeducesscveral  useful  and  ingenious  cod> 
•oquencei  andapplica(ionsfrom  thiscoui-Mof  cxperimunts. 
He  abows,  for  instance,  that  the  effect  of  steam  engines 
must,  i I)  general,  be  greater  iii  winter  than  in  summer; 
owing  to  the  different  degree*  of  temperature  in  the  water 
of  injection.  Ami  front  the  vp.ry  superior  strength  of  the 
vapour  of  spirit  of  wine,  over  that  of  water,  he  argues 
that,  by  trying  other  fluids,  some  may  be  found,  not  very 
expensive,  whose  vapour  may  be  so  much  stronger  than 
that  of  water,  with  the  same  degree  of  heat,  that  it  may 
be  substituted  instead  of  water  in  the  boilers  of  steam-en- 
gines, to  thegreat  aavii^in  the  very  heavy  expcnce  of  fuel : 
nay,  he  even  declares,  that  spirit  of  wine  ilaelf  might  thus 
be  employed  in  a  machine  of  a  particular  construction, 
which,  with  the  tame  quantity  of  fuel,  and  without  any 
increase  of  expcnce  in  other  things,  shall  produce  an  effect 
greatly  superior  to  what  is  obtained  from  ibesti-am  of  water. 
Me  makes  several  othcrobservationsoulhc  working  and  im- 
provement of  steam-engines. 

Another  use  of  these  experiments,  deduced  by  M.  Be- 
tancourt,  is,  to  measure  the  height  (^mountains,  by  means 
of  a  thermometer,  immersed  in  boiling  water,  which  he 
thinks  may  be  done  with  aprociaion  equal,  if  not  superior, 
to  that  of  the  barometer.  As  soon  asl  had  obtained  exact 
results  of  my  experiments,  says  he,  and  was  convinced 
that  the  degree  of  beat  received  by  water  depends  abso- 
lutely on  the  pressure  upon  its  surface,  I  endeavoured  to 
compare  my  ubiervations  with  such  as  have  been  made  on 
mountains  of  different  heights,  to  know  what  is  the  degree 
of  beat  which  water  can  receive  when  the  barometer  stands 
at  a  determinate  height;  but  from  so  -few  observations 
having  been  made  of  this  kind,  and  the  different  ways  em- 
ployed in  graduating  instruments,  it  is  difficult  to  draw 
any  certain  consequences  from  (hem. 

The  first  observation  which  M.  Betancourt  compared 
with  his  experiments,  is  one  mentioned  in  the  Memoirs  of 
the  Academy  of  Sciences,  anno  1740,  page  92.  It  is  there 
said,  that  M.  Monnier  having  made  water  boil  upon  the 
mouotain  of  Canigou,  where  theiiaroinet«i  stood  at  20-18 


inches,  the  thermometer  immersed  in  this  water  stood  at 
a  point  answering  to  7 1  degrees  of  Reaumur :  whereas  in 
M.  Betancourt's  table  of  experiments,  at  an  equal  pressure 
upon  the  surface  of  the  water,  the  thermometer  stocxfat 
73-7  degrees.  This  difference  he  thinks  is  owing  partly 
to  the  want  of  precision  in  the  observation,  and  partly  to 
the  diffitreut  method -of  sraduating  the  thermometer,  and 
the  neglect  of  purging  the  barometer  tube  of  air. 

M.  Beiancourt  next  compared  his  experiments  witlk 
some  observations  made  by  M.  Deluc  on  the  tops  of  several 
mountains ;  in  which,  after  reducing  the  scales  of  this  gen-< 
tieman  to  the  same  measures  as  his  own,  he  linds  a  very 
great  degree  of  coincidence  between  them.  The  follow- 
ing table  contains  a  specimen  of  these  comparisons,  the 
instances  being  taken  at  random  from  Deluc's  treatise  on 
the  Modifications  of  the  Atmosphere. 


Degrtd  of  B«i  m  Boiling  W.ler  npon  the  Top. 

Hmiofihi 

PUcnof 

Hniof 

Kr" 

Hm'oftbt 

ll«  «r. 

fftter  Vj  Th. 

Beaucaire  -  - 

14f 

28-248 

80-37 

80-29 

Geneva 

13+ 

27'-056 

79-33 

79-33 

Grange  Town 

16* 

24-510 

77-U 

77-42 

Lans  le  Bourg 

24-145 

77-18 

77-14 

Grange  te  f . 

15 

24089 

76-76 

77-09 

10* 

20-427 

73-26 

73-89 

Glacierede  B. 

6i 

19677 

79-56 

73-24 

Where  it  is  remarkable,  that  the  difference  between  the 
two  is  of  no  consequence  in  such  matter*. 

Many  other  advantages  might  be  deduced  from  the 
exact  knowledge  of  the  effect  which  the  pressure  of  the 
atmosphere  has  upon  the  heat  which  water  can  receivei 
one  of  which,  M.  Beiancourt  observes,  is  of  too  great  im- 
portance in  physics  not  to  be  mentioned.  As  soon  a* 
the  thermometer  became  known  to  philosophers,  almost 
every  one  endeavoured  to  find  out  two  fixed  point*  to 
direct  them  in  dividing  the  scala  of  the  instrument ;  Inv- 
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ing  found  thct  those  of  the  freezing  snj  boiling  of  water  iever  carriM  that  edd  down,  ttnd  raises  the  piston  of  the ' 

vere  nearly  constant  in  different  placet,  they  gave  these  steam  cylinder.     Immediately  the  steam  hole  is  shut,  and 

the  pret'eri'Dco  ovei  all  olheni :    but  having  discovered  the  cock  opened  for  injecting  the  cold  water  into  ibe  cy- 

tbat  water  is  capable  of  receiving  a  greater  or  less  (]uan-  tinder  of  steam,  which  condenses  it  to  water  again,  and 

tity  of  heat,  acoording  to  the  pressure  Of  the  atmosphere  thuB  malting  another,  vacuum  below  the  piston,  the  atmo- 

upon  its  sur&ce,  they  felt  the  necessity  of  fixing  a  certain  sphere  above  it  presses  it  down,  and  raises  the  pump-rods 

constant  value  to  that  pressure,  which  it  was  almost  ge-  with  another  lift  of  water  ;  and  so  on  coniinuBlly.     This 

neratly  agreed  should  be  equal  to  &  colomn  of  28  Fretich  is  the  commoii  principle :  b^t  there  are  also  other  nindes 

inches  of  mercury.    This  agreement  however  did  not  re-  of  applying  the  force  of  the  steam,  as  we  shall  see  in 

move  all  the  difficulties.     Fur  itistatice,  if  it  were  required  the  following  short  history  of  this  invention  and  its  vari- 

to  coiiitructatMadrida  thermometer  that  might  be  com-  ous  improvements, 
parable  with  another  made  ai  Paris,  the  tbii^  would  be         The  earliest  account 


found  impossible  by  the  means  hitherto  known,  because 
the  barometer  never  rises  so  high  «s  37  inches  at  Madrid ; 
and  it  was  not  certainly  known  how  Hiuch  the  scale  of 
the  thermomcttr  ought  to  be  increased  to  have  the  point 


n  tht 


he  met  with  of  the  invention  of 
marquis  of  Worcester's  small  book 


this  engine,  is 

entillfd  a  Century  of  Inventions  (bring  a  dcscripl 

100   notable  discoveries),  published  in  the  year  Ibb'S, 

where  he  proposed  the  raising  of  great  quantities  of  water 


of  boiling  wuti-r  in  a  place  wh^re  the  barometer  is  Ht  '28  by  the  force  of  stead,  raised  from  water  by  means  of 

inches.     But  by  making  use  of  the  foregoing  lAservations,  fire;  and  -he  mentions  an  engine  of  that  kind,  of  bis  own 

the  thing  appears  very  eBsy,anH  it  is  to  be  hoped  that  by  the  contrivance,  which  could  raise  a  continual  ilreHni  like  a 

general  knowledge  of  ihem,  thermometers  may  be  brought  fountain  40  feet  high,  by  means  of  two  cocks  which  were 

to  great  pertection,  thif  sccumto  use  of  which  is  of  the  alltrnately  and  successively  turned  by  a  man  to  admit  the 

greatest  importance  in  physics.  steam,  and  to  re-fill  the  vessel  with  cold  water,   the  fire 

Besides,  without  bdng  confined  to  the  height  of  the  being  continually  kept  up. 

barometer  in  the  open  air,  in  a  given  plice,  wp  may  regu-  Sir  Samuel  Morland  also  wrote  a  book  o 


IS  engine; 

>nly  showed   the  practicability  of  the 

n,  tjut  went  so  far  as  to  calculate  the  power  of  diffe- 

t  cylinders.    This  book  is  now  extant  in  manuscript, 

E  Ha rlciun  collection,  in  the  British  Museum,  the 


late  a  ihermometir  according  to  any  one  assigned  heUt  of 
water,  by  means  of  such  an  apparatus  as  M.  Bctancourt's. 
For,  in  ordef  to  graduate  a  Hiermometer,  having  a  baro- 
nreter  ready  divided',  it  is  evident  that  by  knowing,  from 
the  foregoing  table  of  eKpeiHraents,  the  degree  of  beat  description  of.  which  is  found  in  th 6  improved  tiarleian 
dSswering  to  any  one  expHnsive  force,  we  can  thence  at-  catalogue,  vol.  iii,  num. .5771  >  and  it  is  also  pointed  out 
sigt)  the  degree  of  the  thermometer  corresponding  to  a  in  the  preface  to  that  volume,  sect.  Z2,  Murtand  dates 
certain  hnght  of  the  barometer. ,  A  deterroinatiou  ad-  his  invention  in  .1682,  being  I?  years  prior  to  Savory's 
nittrng  of  great  precision,  especially  in  the  higher  tem-  patent  mentioned  below.  It  was  presented  to  the  French 
per«ture«,  where  the  motion  of  the  barometer  is  so  con-  king  in  1683^  at  which  time  expirinKnts  were  actually 
siderable  in  respect  to  that  of  the  barometer.  shown  at  St.  Germain's.     As  Moi^and  held  places  under 

Steak  Bn^ine,  an  engine  originally  invented  for  raising  king  Cfaaries  the  Snd,  it  is  natnral  to  conclude  that  he 
inter  by  means  of  the  expansive' force  of  the  sKam,  or  would  not  have  gone  over  (o  France, to  o6vr  the  iiiv^lion 
vftpour,  produced  from  water  or  other  liquids  in  a  state  to  Louis  14th,  had  be  not  found  it  slighted  at  horoe.  It 
of  ebullition.  This  has  been  often  called  the  (ire-engine,  seems  to  have  remained  obscure  in  both  countries  till 
because  of  the  dre  used  in  boiling  the  liquid:  but  the  1999i  when  Savery,  who  probably  k>ew  more  of  Mor- 
latter  term  has  of  late  been  properly  confined  to  machines  land's  invention  than  he  owned,  obtained  a  patent ;  and 
for  extinguishing  fire*.  The  steam-engine  is  justly  esteem- 
ed one  of  the  most  curious,  important,  and  serviceable, 
oeclwntcal  inventions,  not  only  of  modorn,  but  of  any 
times ;  particularly  wh^n  it  is  considered  with  regard  to 
some  of  its  lute  Improvements,  which  render  it  applica- 
ble to  all  kinds  of  mill-work,  to  plaining,  sawing,  boring, 
and  rolling  machines,  and  indeed  to  almost  every  pur-  . 


pose  tbut  requires  a  powerful   fin 


which  may  be  modified  at  the  pleasure  of  the  mechanist. 
The  St  earn -engine  for  raising  v(aier  is  commonly  a  for- 
cing pump,  having  its  rod  ft^ed  to  one  end  of  a  lever, 
which  is  worked  by  the  weight  or  pressure  of  the  atmo- 
sphere apon  a  piston,  at  the  other  end,  a  temporary  va- 
cuum bi'ing  made  below  it,  by  suddenly  condensing  the 
steam,  thm  htid  t>oen  let  into  the  cylinder  in  which  tliis 
piston  works,  by  a  jet  of  cold  water  thrown  into  it.  A 
pattlal  v;icuum  Ik'lng  thus  made,  the  weight  of  the  atmo- 


■,  tbe  ene^y  of    many  experim 


in  the  very  same  year,  M.  Amoittons  pruposed  something 
simitar  to  the  Fivncb  Academy  seemingly  as  his  own. 

This  invention  then  not  meeting  wiih  encouragement, 
probably  owing  to  the  confused  state  of  public  alTairs  at 
that  time,  it  was  neglected,  and  lay  dormant  several  years, 
nntil  one  Captain  'Thomas  Savery,  having  read  the  mar- 
quis of  Worcester's  books,  several  yeus  idterwards,  tried 


n  the  force  and  power  of  steam  ;  and 


at  last  hit  upon  a  method  of  applying  it  to  raise  water. 
He  then  bought  up  and  destroyed  all  the  marquis's  iMioks 
that  could  be  gnl,  and  clsimed  tbe  honour  of  the  inven- 
tion to  himself,  anil  obtained  a  patent  for  it,  pix'tcnding 
that  he  had  discovered  thissecret  of  nature  by  accident. 
He  contrived  an  engine  which,  after  many  e.xpcHments, 
he  hrnught  to  5onie  degree  of  usefulness,  so  as  to  raise 
water  in  small  qoanlities;  but  he  could  not  succeed  in 
any  great  heigbt,  or  in  largr  quantities,  for 


■pbere  presses  down  t>ie  piston,. and  raises  the  other-end  the  draining  of  mines  ;  to  eflect  which  by  bis  rrelhod,  Ihc 

«f  the  straii^ht  lever  with  the  water  from  tbe  well  &c.  steam  was  required  to  be  so  strong  as  would  have  burst 

ni*Q  iltimediately  a  bote  is  uncovered  in  the  bottom  of  all  hn  vessels ;  s»  that  be  was  obliged  to  limit  himself  to 

<th«  C^litnlvT,  by  whicb  aftesh  supply  of  hot 'steam  rushes  raising  the  water  «nly  toasm^ttl  height,  or  in  small  qvan- 

in  from  a  boiler  of  water  bekrw  it,  which  proves  a  coon-  titles.     The  larcest  engines  he  erecte<i,  was  for  the  York- 

terhMlance  for  the  atmosphere  above  the  piston,  on  which  buildings  Company  in  London,  for  supplying  the  inhalm- 

-llw  weight  <«f  the  >ptiinp  rods  at  the  other  ebd  of  the  ant*  in  the  Strand  «nd  that  neigttbourboed  with  wvtcr. 
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^eprmcipleoflbHiniicbiiie  vuMfoIIong:  h  <fig.3,  eoj^ne.  Dr.  I^inof  bfuburg  wu  contriving  one  on  tSi 

f>l.  33)  repreteiits  a  copper  boiler  placed  on  a  furnace  ;  ume  priociples,  whicb  be  desciibM  in  a  unall  boojc  pub- 

s  is  a  strong  iron  vessel,  com munica ling  with  ihe  boiler  liihed  in  1 70/,  inlitled  An  Nova  ad  Aquaffl  Ignia  admiair 

by  means  of  a  pipe  at  top,  and  with  cbe  main  pipe  ab  cuIo  cfficaciMitne  elevandatn.     Captain  Savery's  engine 

l>y  mrans  of  a  pipe  i  at  bottom ;    ab  is  ibe  mRin  pipo  however  was  much  laore  complete  than  that  proposed  by 

immersed  in  the  water  at  a  ;  d  and  c  are  two  fixed  valves.  Dr.  Papin. 

both  opening  upwards,  one  being  placed  above,  and  the  About  the  urae  time  also  Mooi.  Amontons  of  Paris 
other  below  the  pipe  of  communication  i.  Lustly,  at  q  was  en^ged  in  the  same  pursuit :  but  his  method  of  ap- 
is a  cocli  that  serves  occasionally  to  wet  and  cool  the  plying  the  force  of  steam  was  diOerent  from  those  before- 
vessel  E,  by  water  from  the  tnaio  pipe,  and  f  is  a  cock  mentioned ;  for  he  intended  it  to  drive  or  turn  a  wheel, 
in  the  pipe  of  com mu million  between  tbe  veuel  e  and  which  be  called  a  fire-miil,  that  was  to  work  pumps  for 
the  boiler.  raising  water;    but  he  never  brought  it  to  perfection.. 

The  engine  is  Mt  to  work,  by  filling  the  ropper  in  part  Each  of  these  three  gentlemen  claimed  the  orijpnality  of 

with  water,  and  also  the  upper  part  of  the  main   pipe  the  inveoti'in  ;  but  it  is  most  probable  they  all  took  tho 

above  the  valve  c,  the  dre  in  the  furnace  being  lighted  at  hint  frum  the  book  published  by  the  marquia  of  Worces- 

e  lime.     When  the  water  boils  strongly,  the  cock  ter,  aa  before-mentioued. 


r  is  opened,  the  steam  tutibes  into  the  vessel  e,  and 
pell  the  air  from  thence  through  the  \-8lve  c.     The  vessel 
X  thus  filled,  aod  viulently  heated  by  the  steam,  is  lud- 


in  this  imperfect  state  it  cominued,  without  further  Im- 
provements, till  the  year  1705,  when  Mr.  Newcomen,  an 
ironmonger,  and  Mr.JohnCeudley,aglaaier,  bothof  Dart- 


denly  cooled  by  the  water  whicb  fails  upon  it  by  turning  mouth,  contrived  another  way  to  raise  water  by  steam, 

the  cock  c  ;  the  cock  r  being  at  the  same  time  shut,  to  bringing  the  engine  to  work  with  a  beam  and  piston,  and 

Ereveot  any  fresh  accession  of  steam  from  the  boiler,  where  the  eteam,  even  at  the  greatest  depth*  of  mines,  is 
knee,  the  steam  in  e  becoming  condensed,  it  leaves  the  not  re<)uired  to  be  greater  than  tbe  pressure  of  the  atmo- 
cavi^  within  nearly  a  vacuum  :  and  therefore  ihc  pres-  sphere:  and  this  structure  of  the  engine  is  that  which 
■ure  of  the  atmosphere  at  b  forces  the  water  through  the  bos  since  been  chiefly  used.  These  gentlemen  obtained  a 
valve  D  till  Ihe  vessel  e  is  nearly  filled.  The  condensing  patent  fur  the  sole  use  of  this  invention,  for  I*  years, 
cock  G  is  then  shut,  and  the  steam  cock  r  again  opened  ;  The  fitst  proposal  Ihey  made  for  draining  of  mines  by  this 
hence  the  steam,  rushing  into  e,  expels  the  water  through  engine,  was  in  the  year  171 1  i  hut  ihey  were  very  coldly 
the  valve  c,  as  it  beforw  did  the  air.  Thus  k  becomes  received  by  many  persons  in  the  south  of  England,  who 
afpin  filled  with  hot  steam,  which  is  again  cooled  and  did  not  understand  the  nature  of  it.  In  1713  they  came 
condensed  by  the  water  from  s,  the  supply  of  steam  be-  to  on  agreement  with  the  owners  of  a  colliery  at  Uriffin 
ing  cut  off  by  shutting  f,  as  in  tbe  former  operation :  the  Warwickshire,  where  they  erected  an  engine  with  a  cylin- 
water  consequently  rushes  through  d,  by  the  pressure  of  derof  22  inches  diameter.  At  first  they  were  under  great 
the  atmosphere  at  b,  and  e  is  again  filled.  This  water  is  difficulties  in  many  things;  but  by  ibeassiatanceuf  some 
forced  up  the  main  pipe  through  c,  by  opening  f  and  good  workmen  they  got  all  the  parts  put  together  in  su^h 
shutting  e,  as  before.  Aod  thus  it  is  easy  to  conceive,  a  manner,  as  to  answer  their  intention  tolerably  well : 
that  by  the  alternate  operation  of  opening  and  shutting  and  this  was  tbe  first  engine  of  the  kind  erected  in  Eng- 
the  cocks,  water  will  be  cantioually  raised,  as  long  as  the  land.  There  was  at  first  one  man  to  attend  the  steam- 
boiler  continues  to  supply  the  steam.  Cock,  aud  another  to  attend  the  injection-cock  :  but  they 
Fur  the  wike  of  perspicuity,  Ihe  drawing  is  divested  afterwards  contrived  a  method  of  opening  and  shutting 
of  the  apparatus  that  serves  to  turn  the  two  cocks  at  them  by  some  small  machinery  connected  with  tbe 
once,  and  of  the  contrivance*  for  filling  the  copper  to  tbe  working  beam.  The  next  engine  erected  by  tJiese  pa- 
proper  (juantity.  But  it  may  be  found  complete,  with  a  tentees,  was  at  a  colliery  in  the  county  of  Durham,  about 
full  account  of  its  uses  and  application,  in  Mr.  Savery's  the  year  1718,  where  was  concerned,  as  an  ageut,  Mr. 
hook  intituled  tbe  Miner's  Friend,  and  in  Dr.  Gregory's  Henry  Beighton,  f.  a.B.  and  conductor  of  the  Ladies' 
Mechanics,  vol.2.  The  engines  of  this  construction  were  Diary  from  th^  year  ]7I4i  to  the  1744:.  this  gentleman, 
usually  made  to  work  with  two  receivers  or  steam  vessels,  not  approving  of  the  intricate  manner  of  opening  and 
one  to  receive  the  steam,  while  the  other  was  raising  water  shuttiag  the  cocks  by  strings  end  catches,  as  in  the  former 
by  the  ccndeosation..  This  engine  has  been  since  im-  engine,  substituted  the  hanging-beam  for  that  purpose  aa 
proved,  by  admitting  the  end  of  the  condensing  pipe  a  at  present  lued,  and  likewise  ipade  improvements  in  tho 
into  the  vessel  e,  by  which  means  the  steam  is  more  sud-  pipes,  valves,  and  some  other  parts  of  the  engiae. 
iron  the  o  '        ■                  ^       ..  ,     ., 


denty  and  effectually  condensed  than  by 
side  of  tbe  vessel. 

The  advantages  of  this  engine  are,  that  it  may  be  erect- 
ed in  almost  any  situation,  that  it  requires^  but  little  room, 
and  is  subject  to  very  little  friction  in  its  pans.-r-Its  dis' 
advantages  ure,  that  great  part  of  the  steam  is  condensed 
and  losL-s  its  force  upon  coming  into  contact  with  the 
water  in  tbe  vessel  E,  and  that  thi 

the  steam  must  be  increased  in  proportion  to  the  heigbi 
that  the  water  i$  reqaiied  to  be  raided  to.  On  both  these 
accounts  a  large  fiie  is  required,  and  the  copper  must  be 
very  strong,  when  the  height  is  conuderable,  otherwise 
there  is  danger  of  its  bursting. 

While  captain  Savery  was  employed  in  perfecting  hi» 
Vol.  II. 


[n  a  lew  years  afterwards,  these  engines  became  better 
understood  than  they  had  been ;  and  their  advantage!, 
especially  in  draining  of  mines,  became  more  apparent: 
and  from  the  great  number  of  ihem  erected,  they  receiveil 
additional  improvements  from  different  persons,  till  they 
arrived  at  their  present  degree  of  perfection :  as  will  ap- 
pear in  the  sequel,  after  we  bavt-  a  little  coniiidered  the 
ind  elasticity  of  general  principles  of  this  engine,  which  ate  as  follow. 
PrtHcipla  f^  lite  Steam  Engine. 

Tbe  principles  on  which  this  engine  acts,  are  truly  phi- 
losophical; and  when  all  the  parts  of  the  machine  are 
proportioned  to  each  other  according  to  thesp  principles, 
it  never  fails  to  answer  the  intention  ol  the  engineer. 

1.  It  has  been  proved  in  pneumatics,  tliut  the  pressure 
SM 
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•f  th«  atitioipliere  on  a  iquATe  inch  at  tW  earUi'a  aurfBce, 
ii  about  14)lb  avairdupois  at  a  medium,  or  llflbona 
circular  )ncb,tl)aUs  on  a  circle  of  an  inch  diameter.  And, 
3.  If  a  vBcuom  be  made  by  any  meant  in  a  cylinder, 
Kbich  has  a  moveable  piiton  goipended  at  one  end  of  a 
lever  equally  divided,  the  air  will  endeavour  to  rush  in, 
and  will  presj  down  tbe  pision,  with  a  force  proportionate 
to  the  area  of  the  surface,  and  will  raise 'an  equat  weight 
M  the  otlier  end  of  ihe  lever. 

3.  Water  may  be  rarefied  near  14000  times  by  being 
expandnl  into  steam,  and  violently  licated  :  the  particles 
of  it  are  so  strongly  repellent,  as  to  drive  away  air  of  the 
common  density,  only  by  a  heat  sufficient  to  keep  tbc  wa- 
ter in  a  boiling  state,  when  the  steam  is  almost  3000  tiraei 
larei  than  water,  or  3}  times  rarer  thanair,  as  appears  by 
an  experiment  of  Mr.  Beighton's  :  by  increasing  the  heat, 
the  steam  may  be  rendered  much  stronger ;  hut  this  re< 

,  quiics  great  strength  in  the  vessels.  This  steam  may  ba 
again  condensed  Into  its  former  stale  by  a  jet  of  cold  wa- 
ter diipers4?d  througb  it;  so  that  14000  cubic  inches  of 
steam  admitted  into  a  cylinder,  may  be  reduced  into  the 
ipoce  of  one  cubic  inch  of  water  only,  by  which  means  a 
partial  vacuum  is  obtained, 

4.  Though  the  pressure  of  tbe  atmosphere  be  about 
lit  pounds  upon  every  square  inch,  or  1 1  {  pounds  upon 
a  circular  inch  ;  yet,  on  account  of  the  friction  of  the  se- 
veral parts,  the  i<esistance  from  some  air  which  is  unavoid- 
ably  admitted  with  the  jet  of  cold  water,  and  from  some 
remainder  of  steam  in  the  cylinder,  the  vacuum  is  very 
imperfect,  and  the  pi&ton  does  not  descend  with  a  force 
exceeding  9  or  9  pounds  upon  every  aquare  inch  of  its 
stirface. 

i.  The  galtoo  of  water  of  283  cubic  inches  wetgbi  10^ 
pounds  avoirdupois,  or  a  cubic  foot  63}  pounds,  or 
1000  ounces.  The  piston  being  pressed  by  the  atmosphere 
with  a  force  proportional  to  its  area  in  inches,  multiplied 
by  about  8  or  9  pounds,  depresses  that  end  of  the  lever, 
and  raises  a  column  of  water  in  the  pumps  of  equal  wei^t 
at  tbs  other  end,  by  means  of  (he  pomp-rods  suspended 
to  it.  When  the  steam  is  again  admitted,  the  pump-rods 
link  by  their  superior  weight,  and  the  piston  rises;  and 
vhen  that  steam  is  condensed,  the  piston  descends,  and 
the  pump-rods  lift ;  and  so  on  alternately  as  long  as  the 
piston  works. 

It  has  been  observed  sbove,  that  the  piiton  does  not  de- 
scend with  a  force  exceeding  8  or  9  pounds  on  every 
square  inch  of  its  surface ;  but  by  reason  of  accidental 
frictions,  and  alterations  in  the  density  of  the  air,  it  will 
be  safest,  in  calculating  the  power  of  the  cylinder,  to  allow 
tomething  less  than  S  pounds  for  the  pressure  of  the  at- 
apheve  upon  every  squareinch,  viz,  7lb.  lOoi.  =:  7'€4lb, 
•r  just  61b.  upon  every  circular  inch ;  and  it  being  allowed 
that  the  gallon  ofwater,of382  cubic  inches,  weighs  lO^lb, 
from  these  premises  the  dimensions  of  the  cylinder,  pumps, 
he,  for  any  steam-eDgine,  may  be  deduced  as  follows : — 
Suppose' 

c  =  the  eyltnder's  diameter  in  inchet^ 

p  =  the  pump's  ditto, 

/  =  the  depth  of  the  pit  in  fiuhoms, 

g  2=  gallons  drawn  fay  a  stroke  of  6  feet  or  a  fothomr 

i  ss  the  hc^heads  drawn  per  hour, 

a.  as  the  number  of  strolcea  perminuhn 


Then  c*  is  the  area  of  Ihe  cylinder  in  circular  incbei, 
therefore  Sc*  i^  Ihe  power  of  the  cylinder  in  pounds. 


"aTi °'^^P  la  =g  thegallons  contained 

in  one  fathom  or  73  inches  of  any  pump  ;  which  mulri- 
plied  by /fathoms,  gives  ^p/for  the  gallons  contained  in 
/blhoms  of  any  pump  whose  dUmcier  is  p.  Hence  ^p^f 
X  lO^lb.  gives  2p"/ nearly,  for  the  weight  in  pounds  of 
the  column  of  water  which  is  In  be  equal  lo  the  puuer  of 
the  cylinder,  which  was  beibre  found  eqnal  to  6c'-  Hruca 
■hen  *c  have  the  2d  equatioa,  viz,  6e'  =  2/>*/,  or  3c'  aa 
py-,  the  first  equation  being  |p'  =  g,  or  p^  =  Sg.  From 
which  two  equations,  any  particular  circumstance  mny 
be  determined. 

Or  if,  instead  of  61b,  for  the  pressare  of  the  air  on  each 
circular  inch  of  the  cylinder,  that  foroe  be  supposed  any 
number  as  a  pounds ;  then  will  the  power  of  the  cylinder 
be  oc',  and  the  2d  equation  becomes  uc*  =  Sp"/  =  lOfg, 
by  substituting  5f  instead  o{p\ 

And  fiuiher,  63h  =6Qfi,  or  aiA  =  SO^. 

From  a  comparison  of  these  equations,  the  following 
thenieras  are  derived,  which  will  determine  the  size  of  the 
cylinder  and  pumps  of  any  steam-engine  cupable  of  draw- 
ing a  certain  quantity  of  water  from  any  auigned  depth, 
with  the  preaiuro  of  the  atmosphere  on  each  circular  inch 
of  tha  eylmder's  area. 

These  theorems  are  more  particularly  adapted  to  one 
pump  in  a  pit.  But  it  often  happens  in  practice,  that  an 
engine  has  to  draw  several  pumps  of  different  diameters- 
from  different  depths ;  and  in  this  case,  the  square  of  the 
diameter  of  each  pump  roust  be  multiplied  by  its  depth, 
and  double  the  sutd  of  all  the  products  will  be  the  weight 
of  water  drawn  at  each  stroke,  which  ii  to  be  used  instead 
of  apyfor  the  power  of  the  cylinder. 

The  following  is  a  table,  calculated  from  the  foregoing 
theorems,  of  the  powers  of  cylinders  from  30  to  70  inches 
diameter;  and  the  diameters  and  lengths  of^umps^ which 
those  cylinders  are  capable  of  working,  from  a  6  inch  bore 
to  that  of  20  inches,  together  with  the  quantity  of  water 
drawn  per  stroke  and  per  hour,  allowing  the  engine  to 
make  12  strokes  of  €  feet  per  minute,  and  the  pressure  of 
the  atmosphere  at  the  rate  of  7lb  lOos  per  square  inch, 
or  6  lb  per  circular  inch. 

4  Table  ^TnEOEEua  for  the  readier  a^uting  lie 
Pfywen<^a  Steam-Enoihk. 
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Let  tu  now  detcribe  the  tevenl  parts  of  ao  en^ne,  Bod 
exemplify  the  application  of  tb«  foregoing  principlet,  So 
tbe-coutruction  of  ooe  of  tbe  cvnplelest  of  the  inodeTn 
eoginpi.     SKlig.  4.  pi.  33. 

A  repments  the  lire-place  under  the  boiler,  fortbeboil- 
ing  of  the  .water,  and  the  uh-hole  below  it. 

B,  the  boiler,  filled  with  water  about  3  feet  above  the 
bottom,  nwde  of  iron  plates. 

C,  the  (team  pipe,  through  which  theBleara  passes  from 
tbe  boiler  iDto  iherecBivn. 

D,  the  receiver,  a  close  iron  mtel,  in  which  is  the  re- 
galator  or  steam-coiok,  which  opens  and  shuii  the  hole  of 
cotnouinioation  at  each  stroke. 

K,  the  comnionication  pipe  between  the  receiver  and 
the  cylinder;  ic'riacf  5  or  6  incbetap,  tntheitiiide  of  the 
cylinder,  bottom,  to  prevent  tlve  injectad  *ater  from  d&* 
•ceadtagi  into  the  fecciver> 


T,  tbe  cylinder,  of  cast  iron,  about  10  feet  long,  bored 
saiooth  in  the  inside ;  it  has  a  broad  flanch  in  the  middle 
on  the  outside,  by  which  it  is  supported  when  hung  in  the 
cytinder-beaDis. 

o>  the  piston,  made  to  fit  the  cylinder  exactly:  it  has 
a  flanoh  rising  4  or  5  inches  upon  iia  upper  surface,  be- 
tween which  and  the  side  of  the  cylinder  a  quiuitity  ttf  junk 
or  oakum  is  stuffed,  and  kept  down  by  weights,  to  prevent 
the  entrance  of  air  or  water  and  the  escaping  of  steam, 

H,  the  chain  and  piston  shank,  by  which  it  is  connected 
to  the  working  beam. 

1  I,  the  working  beam  or  lever :  it  u  made  of  two  or 
more  large  logsof  limber,  bent  together  at  caoh  end,  and 
kept  at  the  distance  of  8  or  9  inches  from  each  other  in 
the  middle  by  the  gudgron,  as  represented  in  tbe  Platk. 
The  arch  heads,  II,  at  the  ondi,  are  for  giving  a  per)iendi- 
cular  direction  to  tlie  chains' of  the  pisum  and  pump-rods. 
3M  2 
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K,  the  pump-rod  which  workiin  the  sucking  pump.  towards  the  cylinder,  affd,  striking  ihcend  of  tbeipannPTr 

L,  and  draws  the  water  from  the  botiom  o>'  th«  pit  to  forces  ii  forward,  and  shurs  the  regulator  steam-cuck. 

the  surface.  t/r,  ihf  lever  for  opening  and  sbutting  the  injection-cock, 

M,  a  cistern,  into  which  the  water  drawn  out  of  the  pit  called  (lie  p.     It  has  two  toes  from  its  centre,  wljich  take 

is  conducted  by  a  trough,  so  as   lo  kc-ep  it  always  full  i  between  them  the  key  of  the  injecliun-ctick.     When  the 

and  the  »uperflutfusnaleri$  carried  off  by  another  cruugh.  wurkiri^-plug  has  ascended  nearly  tu  its  greatest  height, 

N,  ibc  jack-head   pump,    which   is  a  luckiog-pump  and  bhui  the  regulator,  fi  pin  cutchrs  the  end  q  of  the  F 

wrought  by  a  small  lever  or  working- beam,  by  means  of  and  raises  it  up,  which  opens  the  iiijection-cuck,  admits 

a  chain  connected  to  the  great  beam  or  lever  near  the  arch  a  je[  of  cold  walcr  to  fly  into  the  cylinder,  and  condensing 

g  at  the  inner   end,  and  the  pump-rod  at  the  outer  end.  the  sleani,   tnakc«  u  vacuum ;   then  the  pressure  of  the  at- 

This  pump  coinmonly  Htands  near  the  corner  of  the  front  mosphere  bringing  down  the  pistun  in  the  cylmder,  and 

of  the  house,  and  raises  ihc  column  of -water  up  to  the  also  the  plug-frame,  another  pin  fixed  in  it  catches  the 

cistern  o,  into  which  it  is  conducted  by  a  trough.  end  of  the  lever  in  its  descent,  and,  by  pressing  it  down, 

o,  the  jack-bead  cistern  for  supplying  thi;  injection,  shuts  the  injection-cock,  at  the  same  time  the  regulator  is 

which  is  always  kept  full  by  the  pump  n  :  it  is  lixed  iso  opened  to  admit  steam,  a^  m  on  alternately ;  when  the 

bi^  as  to  give  the  jet  a  sufficient  velocity  into  ihc  cylinder  regulatoris  shut  the  injection  is  open,  and  when  the  former 

when  the  cock  is  opened.     This  cistern  has  a  pipe  on  the  is  open  the  latter  is  shut. 

cpposite  side  for  conveying  away  the  superfluous  water.  k,  the  hot-well,  a  small  cistern  made  of  planks,  which 

p  F,  the  injection- pipe,  o[  3  or  4  inches  diameter,  which  receives  aU  the  waste  water  from  the  cylinder, 

turns  up  in  acurve  at  the  lowerend,  and  entera  the  cylin-  a,  tbe  sink-fut  to  convey  away  the  water  which  is  in- 

'der  bottom  :  it  has  a  thin  plate  of  iron  upon  the  end  d,  jected  into  the  cylinder  at  each  stroke.     Its  upper  end  is 

with  3  or  4  adjutage  holes  in  it,  to  prevent  the  jet  of  cold  even  with  the  inside  of  the  cylinder  botlnni ;  its  lower  end 

water  of  the  jack-head  cistern  from  flying  up  ^aiosi  the  has  a  lid  or  cover  moveable  on  a  hinge  which  serves  as  a 

piston,  and  yet  to  condense  the  steam  each  stroke,  when  valve  to  let  out  the  injected  water,  and  shuts  close  each 

the  injectioH'Cock  is  opco.  stroke  of  the  engine,  to  prevent  the  water  being  forced  up 

e,  a  valve  upon  the  upper  end  of  the  injectioR>pii>a  with-  again  when  the  vacuum  is  maile. 

in  the  cisiern,  which'is  shut  when  the  ei^ne  ie  not  work-  t,  the  feeding-pipe,  lo  supply  the^  boiler  with  water 

ingi  to  prevent  any  watte  of  the  water.  from  the  hot-well.     It  has  a  cock  ta  let  in  a  large  or  smalt 

/,  a'small  pipe  which  branches  off  from  the  injection-  qttantity  of  water  as  occasioo  requires,  t»  make  up  for 

pipe,  and  has  a  small  cock  to  supply  the  piston  with  a  what  is.  evaporated  :  it  goes  nearly  down  to  the  boiler 

little. water  to  keep  it  air-l^ht.  holtora. 

0,  the  working  plug,  suspended  by  a  chain  to  thearch  u,  two  gage-cock^  tlie  one  larger  then  the  other,  to 

g  of  the  working  beam.     It  is  usually  a  heavy  piece  of  trj  when  a  proper  quantity  of  water  Ja  in  the  boiler :  on 

timber,  with  a  slit  vertically  down  its  middle,  and  holes  opening  tbe  cock^if  one  give  steam  and  tbe  other  water, 

bored  horizontally  through  it,  to  receiTCpins  for  the  pur-  it  is  right ;  if  they  both  give  steam,  there  is  too  little  water    - 

poseofopeningand  shutting  the  iDJectionattdsteamcocks,  in  the  boiler;  and  if  they  both  give  water,  there  is  too 

as  it  ascends  and  descends  by  tbe  motion  of  the  working  much, 

beam,  w,  a  plate  which  is  screwed  on  to  a  hole  on  the  side  of 

h,  the  handle  of  the  steam-cock  or  reguIaCoi,  it  is  fixed  the  boiler,  to  allow  a  passage  into  the  boiler  for  the  con- 
to  the  regulator  by  a  spindle  which  comes  up  through  the  venience  of  cleaning  Or  repairing  it, 
top  of  the  receiver.  The  regulator  is  a  circular  plate  of  x,  the  ste^m-clack  ot  puppet  valve,  a  brass  valve  on- 
brass  or  cast  iron,  which  is  moved  horizontally  by  the  the  top  of  a  pipe  opening  into  Ihe  boiler,  to  let  SS  the 
handle  A,  and  opens  or  shuts  the  communication  at  the  -  steam  when  it  is  too  strong.  It  is  loaded  with  lead,  at 
lower  end  of  the  pipe  b  within,  tbe  receiver,  ft  is  repre-  the  rate  of  one  pound  to  an  inch  square  ;  and  when  the 
sented  in  the  plate  by  a.  circular  dotted  line.  steam  is  nearly  strong  enough  ttf  keep  it  open,  it  will  do 

s  I,  the  spanner,  which  is  a  long  rod  or  plate  of  iron  for  for  the  woriiing  of  the  engine, 

communicating  motion  tothe  handle  of  the  regulator;  to  /,  the  sniffing  valve,  by  wbJch  the  air  is  discharged 

Which  it  is  tixed  by  means  of  a  slit  in  the  latter,  and  some  from  the  cylinder  each  stroke,  which  was  admitted  with 

pins  put  through  to  ^ten  it.  the  injecCionr  and  would  otherwise  obstruct  the'dos  ope- 

k  i,  the  vibrating  lever,  called  the  t,  having  the  weight  ration,  of  the  engine. 

k  at  one  end  and  two  1^  at  tbe  other  end.     It  is  fixed  to  '    tt,  the  cylinder-beams;  which  are  Strang  joists  gOiMg 

an  horiiontal  axis,   moveable  about  its  cen (re-pins  or  through  the  house  for  supporting  the  cylinder, 

pivots  iRB,  by  means  of  the  two  shanks  op  fixed  to  tbe  v,  the  cylinder  cap  of  lead,  soldered  on  the  top  of  the 

same  axis,  which  are  alternately  thrown  backwards  and  cylinder,  to  prevent  tbe  water  upon  the  piston  from  flash* 

forwarda  by  means  of  two  pias  in  the  working  plug ;  one  ing  over  when  it  liees  too  high. 

pin  on  tbe  outside  depressing  the  shank  6,  throws  the  u>,  the  waste-pipe,   which    coaductsthe   superfluoni 

loaded  end  i  of  the  i  from  the  cyliades  into  tke  position  water  from  the  top  of  the  cylinder  to  the  hot-well, 

represented  in.  tbe  plate,  and  causes  the  leg  I  to  strike  xi,  iron  bars,  called  the  catch-pius,  fixed  hotiiontaUy 

against  the  end  of  the  spanner  ;  which  forcing  back  the  through  each  arch-head,  to  pravent  the  beam  descending 

bandieof  tbe  regulator  or  steam  cock,  opeiu  iha  commu-  too  low  in  ewe  the  chain  should  break. 

aicatiuBr  ai>d  permits  tbe  steam  to  fly  into  the  cylindet.  yy,  two  strong  wooden  spnnga,  to  weaken  the  blow 

The  piston  immediately  rising  by  (lie  admissian  of  the  given  by  tbe  catcb-pijis  when  (he  stroke  is  too  long. 

Steam,  tbe  working  beam  ii  rises;  which  also  raises  the  ts,  two  frktio»-wheels,  on  which  ike  gudgeon  or  centra' 

worktDg-pIug,  and  another  pin  which  goes  through  the  of  the  great  beam  is  hung;  they  arc  the  third  or  fourtb 

■lit  raiicB  tbe  sbuik  ; »  which  throws  the  end  ifc  of  the  T  fiart  of  a  circle,  and  move  « little  each  way  as  tbe  beaM 
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kibralM.    Their  use  it  to  diroiniili  the  fnctinn  of  the  hklTof  th«.svrbce  of  theflamc  nnly  could  be  in  contact 

«xia,  which,  in  so  heavy  a  lever,  would  otherwise  be  withtbe  boiler,  the  other  beingB[ientuiioii  thchTJck-work;. 

«ery  great.  This  lower  cyliudric  p*rt  may  be  less  in  ild  diflmeter  ihan 

When  tbit  engine  is  to  be  set  to  work,  the  boiler  miisi  the  upper  pnrt,  and  may  contain  from  4  to  6  feet  pei^n-- 

be  tilled  about  3  ur  4  feet  deep  with  water,  and  a  large  dicular  depth  of  water  in  ii. 

fire  made  under  it ;  and  when  the  steam  is  found  to  be  of        The  upper  part  of  the  bniler  is  b«'st   made  hemisphe* 

asufficient  strength  by  the  puppet-clnck,  then  by  thrusting  rical,  for  resisting  the  elasticity  of  the  sieHtn ;  yet  any 

back  the  spanner,  which  opens  the  regulator  or  strtm-  —•-- ' —  ■  -.    .       .       ^      ™.  ■ 

cock,  the  steam   is  ailmitted  into  the  cylinder,  which 
rabes  the  piston  to  the  top  of  the  cylinder,  and  forces  out 


other  form  may  do,  provided  it  be  of  sufficient  strengtb 

e  purpose.     The  quick  motinn  of  the  engine  depends 

11  the  capaciousness  of  the  boiler  "     "     ■ 


to  be  heated  to  a  greet 
I  elastic  force  so  much  as  to  work 
If  the  top  is  so  capacious  as  to  contain  eight. 
I  the  quantity  nf  steam  used  each  stroke,  it 
no  more  fire  to  preserve  its  elasticity  than  is 
keep  the  water  in  a  proper  state  of  boilings 


■11  the  air  at  the  snifting  valve ;  then  by  turning  the  key  too  small, 

of  the  injection-cock,  a  jet  of  cold  water  is  admitted  into  degree,  to 

the  cylinder,  which  condenses  the  steam  and  produces  a  the  engine. 

vacuum  ;  the  alniospbere  then  pressing  u^on  the  piston,  or  ten  tim 

forces  it  down  tu  the  lowcf  part  of  the  cylinder,  and  makes  will  requir 

ft  stroke  by  raising  the  column  of  water  at  the  other  end  sufficient  t 

of  the  beam.     After  two  or  three  strokes  are  made  in  this  this,  therefore,  is  the  best  size  for  a  boiler  top.     If  the 

manner,  by  a  tnau  opening  and  shutting  the  cocks  to  try  diameter  of  the  cylinder  bee,  and  works  a  six-foot  6tfok^ 

if  they  be  right,  the  pins  may  then  be  put  into  ilic  pin-  and  the  diameter  of  the  boiler  be  supposed  b,  then 

holes  in  the  working  plug,  and  the  engine  left  to  turn  the  ^  SOOc*  =  P,  ot  b  ss  ^300c*. 

cocks  of  itself;  which  it  will  do  with  greater  exactness         The  effeck  of<  the  injection  in  condensing  the  sleam  in 

than  can  be  done  by  a  tnan.  the  rylinder,  depends  on  the  height  of  the  reservoir  and 

Hiere  are  in  some  engines,  methods  of  shutting  and  the  diameter  of  the  adjutage.     If  the  engine  makes  a  6 

openiiig  the  cocks  different  frtrm  the  one  above  described,  feet  stroke,  then  the  jackhead  cittern  should  be  12  feet 

but  perhaps  [lonc  better  adapted  te  the  purpose  ;  and  as  perpendicular  above  the  bottom  of  the  cylinder  or  the  ad- 

the  principles  en  which  ibey  aU  act  are  originally  the  Jutage.    The  size  of  the  adjutage  mny  be  from   1   to  2 

same,  any  difference  in  the  mechanical  construction  of  iaches  in  diameter;  or  if  the  cylinder  be  very  Urge,  it'll 

the  small  machini-ry  will  bavenoinfiuenceuf  consequence  proper  to  have  three  or  four  holes  cather  than  one  large 

on  the  total  effect  of  the  grand  machine.  one,  in  order  that  the  jet  may  be  disperaed  the  more  ei^ 

The  furnace  or  fire-place  ^ould  not  hare  the  bars  so  fectually  over  Ihfe  whole  area  of  the  cylinder.     The  injeo- 

close  as  to  prevent  the  free  admission  of  fresh  air  to  the  tiou  pip*,  or  pipe  of  conduct;  should   be  solBige  as  to 

£re,  nor  so  open  as  to  permit  the  coals  to  fall  easily  supply  the  injection  freely  with  water;  if  the  diameter  of 

Ifamngh  them;  for  which  purpose  two  inches  ur  there-  the  injection  pipe  be  called  p,  and  the  diameter  of  the  ad- 

abovts  is  sufficient  for  the  distance  betwixt  the  bars.   The  jutage.  a,  then  4o*  =  p^,  and  o*  =  ip\  or  a  =  ^p. 
Hie  of  the  furnace  depends  on  that  of  the  boiler  ;  but  in         For  a  further  account  of  these  engiqes,  see  Deeaguliers's 

every  case  the  a>h-bole  ought  to  be  capacious  to  admit  Exp.  Philos.  vol.  9,  sect.   14,    pa.  4€j.  Sie;  or  for  n 

,lhe  air,  and  the  greater  its  height  the  better.     If  the  flame  abstract,  M&rtin'a  Pbil.  Brit,  number  46l,  or  Nicholson'i 

is  condncted  in  a  flue  or  chimney  round  the  outside  uf  Nat.  PfailosL  pa.  S3  &c.     And  for  an  account  of  the  in- 

ihe  boiler,  or  in  a  pipe  round  the  inside  of  it,  it  ought  to  provement  made  in  the  liK-engine  by  Mr.  Payne,  see 

be  gradoally  diminished  from  the  entrance  at  the  furnace  Philos,  Trans,  number  46l ,  or  Martin's  Philos.  Biii:  pa. 

to  its  egrets  at  the  chimney;  and    the  section  of  the  87  &«.     See  also  Gregory'^  Mechanics,  vol.  2,  for  a  par- 


cbimney  at  that  plac.e  should  i 
the  flue  or  pipe,  and  shouiU  also 
chimney -top. 

The  b<M]er  or  vessel  ii 
the  force  of  fire,  may  be  it 
suchotberm 


It  the 


n  which  the  water  is  rarefied  by 
vide  of  iron  plates  or  cast  iron, or 
withstand  the  e^cts  of  the  fire, 
and  the  elastic  force  of  the  steam.  It  may  be  considered 
■■consisting  of  two  parts;  the  upper  part  which  is- ex- 
posed to  the  steam,  and  the  under  pail  which  is  exposed  counts, 
o.the  fire.    The  form  of  the  latter  should  be  Mich  as 


ticular  description  of  different  sicam'Cngines,  containing 
the  latest  improvements  that  they  have  undergone. 

Mr.  Blakey  communicated  to  the  Royal  Society,  ia 
1753,  remarks  on  the  best  proportions  for  steam-engine 
cylinders  of  a  given  content :  and  Mr.  Smeaiort  descnhea 
an  engine  of  this  kind,  invented  by  Mr.  De  Motira  of  Por- 
tugal, being  an  improvement  of  Savery's  construction,  to 
render  it  capable  of  working  Itself:  for  both  which  ac-- 
Pliiios.  Trans,  vol.  47,  art.  29  and  7«' 
infurmed  in  the  new  edit,  of  the  Biogrsph.  Brit. 


receive  the  fuU  force  of  the£re  in  the  moat  advantageous  under,  the  article  Brindley,  that  iu  17^6  this  gentleman^ 
manner,  so  that  a  ceitain  quantity  of  fael  may  have  the  so  well  known  for'hia  concern  in  our  inland  navigations, 
greatest  possible  effect  in  heating  and  evaporating  the  undertook  to  erect  a  steam-engine  near  Newcastle- under- 
water; which  is  best  done  by  making  the  sides  cylindrical,  Line,  on  a  new  plan.  The  boiler  of  it  was  made  with 
and  the  bottom  a  little  concave,  and  then  conducting  the  brick  and  stone,  instead  of  iron  plates,  and  the  water 
flame  by  an  iron  Sue  or  pipe  round  the  inside  of  the  was  heated  by  iron  flues  of  a  peculiar  construction ;  by 
boiler  beneath  the  surface  of  the  water,  before  it  reach  the  which  contrivances  the  consumption  uf  fuel,  necessary 
chimney.  For,  by  this  means,  after  the  fire  in  theJumace  for  working  a  steam-engine,  was  reduced  one  half  He 
has  heated  the  waierby  itaeBect  on  the  bottom,  the  flame  introduced  also  into  his  engine  wooden  cylinders,  made 
beats  it  again  by  the  pipe  being  wholly  included  in  the  in  the  manner  of  cooper's  ware,  instead  of  iron  ones;  tha 
water,  and  having  every  part  of  its  surface  in  contact  former  being  both  cheaper  and  more  easily  managed  in 
with  it;  which  is  preferable  to  canning  it  in  a  Sue  or  theshafls:  and  be  likewise  substituted  wood  for  iron  iiit 
chimooy  round  the  outsiile  o£  the  boiler,  aa  a.  third  or  «  thechaios  which  worked.«t  the  end  of.  the  beam.    Hehidi 
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jfonned  deugn*  of  iotrwlucmg  otber  inpfovemeiiti  inio  ths 
Coutructitin  of  this  uwful  engine  ;  but  wu  discouraged 
by  otwUclM  that  were  thrown  in  bii  way. 

Mr.  Blakey,  some  yean  ago,  obtaiaed  a  patent  for  his 
iitiprovenieiit  of  Savery's  steam-engine,  by  wbicb  it  is  ex- 
cellently adapted  for  raising  water  out  of  ponds,  rivers, 
wells.  See,  and  for  forciug  it  up  to  any  height  wanted  for 
•up plying  houses,  gardens,  and  other  places;  though  it 
has  not  power  sufficient  to  drain  off  the  water  frotn  a  deep 
nine.  The  principles  of  bii  conslriictioa  ace  explained 
by  Mr.  Ferguson,  in  the  Supplement  to  his  Lecturt-s, 
pa.  iPi  Bid  a  more  particular  description  of  it,  accom* 
pauied  with  a  drawing,  is  girea  by  the  pati-otee  himself  in 
the  Gentleman's  Magaaine  for  I769,  pa.  399. 

Mr.'  Blakey,  it  is  said,  is  the  first  person  who  ever 
thought  of  insiiing  u«c  of  air  ai  an  intermediate  body  be- 
tween steam  and  water;  by  which  means  the  steam  is  aV- 
ways  kept  from  touching  the  water,  and  consequently 
from  being  condensed  by  it:  and  on  this  new  principle 
he  has  obtained  a  patent.  The  engine  may  be  built  at  a 
trifling  expence,  in  coaiparison  of  the  common  steam- 
angine  now  in  use  ;  it  will  seldom  aevd  repairs,  and  will 
not  consume  half  so  much  fuel.  And  as  it  has  no  pumps 
with  pigions,  it  is  clear  of  all  their  friction  ;  and  the  effect 
ii  equal  to  the  whole  strength  or  compressive  force  of  the 
f  team  ;  which  the  cSrct  of  the  contmoo  engine  never  in,  on 
Jiccount  of  the  great  friction  of  the  pistons  in  their  pumps. 

£ver  since  Mr.  Newcomen's  iHTcntion  of  the  steam 
£re-eiigine,  the  gpeat  consumption  of  fuel  with  which.it  is 
attended,  has  been  complained  of  as  an  immense  draw- 
back on  the  profits  of  our  mine*.  It  is  a  known  faci^  that 
every  engine  of  considerable  size  conauraei  to  tbe  amount 
of  throe  thousand  pounds  worth  ctf  coals  in  ayear.  HenCe 
many  of  our  engineers  have  endeavoured,  in  the  coostruo- 
(ion  of  these  cngioe*,  to  save  t'uel.  For  this  purpose, 
the  fire-place  has  been  ilimiiii<ibed,  the  flame  has  been  car- 
ried round  from  the  bottom  of  the  bailer  in  a  spiral  direc- 
tion, and  conveyed  through  the  body  of  the  water  in  a 
tube  before  its  arrival  at  the  chiinney ;  some  have  used  a 
double  boiler,  so  that  fire  might  act  in  every  pouible 
point  of  cmtact;  and  some  have  built  a  muor-stone 
botier,  heated  by  tiirett  tubes  of  fUme  passing  through  it. 
But  the  most  important  improvements  which  have  been 
made  in  thr  steam-engine  for  mozc  than  forty  years  past, 
we  owe  to  the  skill  of  Mr.  James  Watt ;  of  which  we  shall 
give  some  account:  premising,  that  the  internal  struc- 
ture of  his  new  engines  so  much  resembles  that  of  the 
common  one*,  that  those  who  are  acquainted  with  them 
will  not  foil  to  undentand  the  mechanism  of  his  from  the 
following  description:  He  has  contrived  to  observe  a  uni- 
form beat  in  the  cylinder  of  his  engines,  by  suffering  no 
cold  water  to  touch  it,  and  by  protecting  it  from  the  nir, 
or  other  cold  bodies,  by  a  surruumlin;;  case  filled  with 
•team,  or  with  hot  air  or  water,  and  by  coaling  it  over 
with  snbttaiKes  that  transmit  beat  slowly.  He  makes  bis 
vacuum  to  approach  nearly  to  that  of  the  barometer,  by 
condensing  the  steam  in  a  separate  vessel,  called  the  con- 
denser, which  may  be  cooled  at  pleasure  without  cooling 
the  cylinder,  cither  by  an  injection  of  cold  water,  or  by 
sarroundlng  the  condenser  with  it,  and  generally,  by  both. 
Hf  extracts  the  injection  water,  and  detached  air,  from 
the  cyiinder  ur  condenser  by. pumps,  which  are  wrought 
by  the  engine  itself,  or  blows  them  out  by  the  steam.  As 
the  eBtTHOCe  of  air  into  the  cyliadei  would  stop  the  opera- 


tion of  the  nigtnes,  and  as  it  it  hardly  to  be  expected  that 
such  eoormout  pistons  as  lba»cofUeam-engiuescaB  raova 
up  and  down,  and  yet  be  absolutely  light  as  in  the  common 
engines  ;  a  stream  of  water  ik  kept  always  running  upon 
the  piston,  which  prevents  the  entry  of  the  air  :  but  this 
mode  of  securing  the  piston,  though  not  hurtful  in  the 
common  ones,  would  be  highly  prejudicial  to  the  new  en- 
gines. Their  pi:>ton  is  therefore  made  more  accurately; 
and  the  outer  cylinder,  having  a  lid,  covers  it,  the  steam 
i)  introduced  above  thi-  piston;  and  when  a  vacuum  it 
produced  under  it.  acts  upon  it  by  its  elasticity,  a«  the 
atmosphere  does  upon  common  engines  by  its  gravity. 
This  way  of  working  efiectaally  excludes  the  air  from  the 
inner  cylinder,  and  gives  the  adviintage  of  adding  to  the 
power,  by  increasing  the  tlasticity  of  the  steam. 

In  Mr.  Watt!  engines,  the  cylinder,  ibe  great  beams, 
the  pumps,  &c,  stand  in  their  usual  positions.  The  cy- 
linder is  Bmaller  than  usual,  in  proportion  to  the  toad,  mad 
is  very  accurately  bored.  In  the  most  complete  en^nea, 
it  is  surrounded  at  a  small  distance,  with  another  cylinder, 
furnished  with  a  bottom  and  a  lid.  The  iiitentice  b» 
tween  the  cylinders  communicates  with  the  builen  by  a 
large  pipe,  open  at  boih:eods  :  so  that  it  is  always  filled 
with  steam,  and  thereby  maintains  the  inner  cylinder  al- 
ways of  the  same  heat  with  the  steam,  aad  prevents  any 
condensation  within  it,  which  would  be  more  detrioKntlil 
than  an  equal  ccmdensation  in  the  outer  one.  The  iiww 
cylinder  has  a  bottom  and  piston  as  usual :  aad  as  it  does 
not  reach  up  quite  to  the  lid  of  ^e  outer  cylinder,  tfaa 
steam  in  the  imen lice  has  always  free  access  to  the  upper 
side  of  the  piston.  The  lid  of  the  outer  cylinder  has  a 
hole  in  ib  middle;  and  tke  piston  rod,  which  is  traly  cy- 
lindrical, moves  up  and  down  through  tbat  hole,  which  if 
kept  steam-tight  1^.  a  collar  of  oakuu  screwed  down  upon 
iL  At  the  bottom  of  the  inner  cylinder,  there  are  two  re- 
gulating valves,  one  of.  which' sdmitt  the  tteam  to  pass 
from  theintersticeintotheinnercyJinderbelaw  the  piston, 
or  shuts  it  out  at  pleasure:  theother  opens  or  shuts  iba 
end  of  a  pipe,  which  leads  to  the  condenser.  :The  con- 
denser consists  of  one  or  more  pumps  furnished  with  clacks 
and  buckets  (nearly  the  same  a>  in  common  pumps) 
which  are  wrought  by  chains  fastened  to  the  great  Mark- 
ing beam  of  the  engine.  The  pipe,  which  comes  from  the 
cylinder,  it  joined  to  the  bottom  of  thesepumps,  and  the 
whole  condenser  ttanda  iDtmersed  in  a  cistern  of  cold  wa- 
ter supplied  by  the  engine.  The  place  of  this  oiatem  is 
either  within  the  house  or  under  the  floor,  between  the  cy- 
linder and  the  lever  wall ;  or  without  the  house  between 
that  wall  and  the  enginosh^t,  as  conveuiency  may  require. 
The  condenser  being  exhausted  of  air  by  blowing,  and 
both  the  cylinders. being  filled  with  steam,  the  r^ulalii^ 
valve  which  aiimits  the  stoam  into  the  inner  cylinder  is 
shut,  and  the  other  regulator  which  commuoicUes  with 
the  condcoMT  is  opened,  and  the  steam  rushes  into  the  va- 
cuum of  the  condenser  with  violence  1  but  thete  it  comes 
into  contact  with  the  cold  sides  of  the  pumps  and  pipes, 
and  meets  a  jet  of  cold  water,  which  was  opened  attho 
same  time  with  the  e.\haustion  regulator  ;  thuv  inatanily 
'deprive  it  of  its  beat,  and  reduce-  it  to  water ;  and  the  va- 
cuum remaining  perfect,  more  steum.condiMiesto  rush  in, 
and  is  condensed  until  the  intier  cylinder  is  exhatrsted. 
Then  tfaeateam  which  ii  above  the  piwni,^  ceadng  to  be 
counteracted  by  that  which  was  below  it,. acts  upon  the 
pinoa  with  its  whole  elasticity,  saditwccs'it  to  deiccad  to 
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Ae  boKbin  of  tiie  cylinder,  aDdaoniwaffae  faQckflt  of  the 
pamps  tthicb  are  hung  to  the  other  «nd  of  tlm  beani. 
'I'be  uxhaHstion  refjutator  is  now  shut,  HDd  the  steam  one 
Opened  again,  which,  by  letting  in  ibe  steam,  allows  tlie 
piston  to  be  pulled  up  by  the  Buperior  weight  of  the  piyinp 
leds  ;  and  so  the  engine  is  ready  for  another  stroke. 

But  the  natvre  of  Mr.  Watt's  imp  rove  id  cm  wilt  be  per- 
kapa  better  understood  from  the  following  description uf  it 
Ma  referred  to  a  figure. — The  cylinder  or  sttvin  Tosael  A,  of 
this  engine  (6g.  5,  pi.  33),  is  shut  st  bottom  and  opened  at 
(op  as  usual ;  and  is  included  in  an  outer  cylinder  or  cose 
SB,  of  wood  or  meial,  covered  with  materials  which  tmn^ 
mit  heat  slowly.  This  case  is  at  a  small  distance  from  the 
cylinder,  and  cloie  at  both  ends,  ^'he  cmer  c  bm  a  holo 
HI  it,  through  which  the  piston  rod  £  slides  ;  and  near  the 
bottom  is  another  hole  r,  by  which  the  steam  from  the 
boiler  has  always  free  entrance  intodiis  case  or  outer  cy 
tinder,  and  by  the  interstice  go  between  the  two  cyKnder^ 
has  access  to  the  upper  side  of  the  pistod  hh.  To  the 
bottom  of  the  inner  cylinder  a  is  joined  a  pipe  i,  with-A 
cock  or  vftlve  k,  which  is  opened  ai>d  shut  whtn  tieces- 
saiy,  and  forms  &  passage  to  another  vessel  L  called  a  ccM>- 
denser,  madeofthiik  metal.  This  v«S!tet*is  immersed  in  ■ 
cistern  u  full  of  cold  water, 'anil  It  is  cCntmcd  so  tfs  to  ex- 
pose H  very  great  surface  e.f  teriwlly  to  the  water,  and  ID- 
teinally  to  the  steam,  k  is  also  taadc  air-tight,  and  hfts 
pumps  M  wrought  by  the  engine,  which  keep  it  allways  ex- 
hausted  of  air  attd  water. 

Both  the  cylinders  «  auil  SB  bein{|f  filled  witbsleam,  the 
pBGSage  K-is  opened  from  theioner  one  to  the  condenser  l, 
into  which  the  steam  violehtly  rushes  by  its  elasticity, 
because  that  vessel  is  exhausted  ;  but  as  soon  as  it  enters 
it,  coming  into  contact  with  the  cold  tnktter  of  the  con- 
denser, it  is  rednced'to  water^  and,  die  vtcuum  still  re- 
maining, (he  steam  continues  to  rush  i»  till  the  inner  cy~ 
linder  a  below  the  piitofi  is  left  empty.  The  steam  which 
is  above  the  piston,  ceasing  to  be  counteracted  by  that 
which  is  below  it,  acts' upon  the  ptrtonHH,  and  forces  it  to 
descend  to  the  bottom  of  the  cylinder,  and  so  raised  the 
bucket  of  the  pump  by  means  of  the  lever.  The  passage 
K  between  the  inner  cylinder  end  the  condenser  is  then 
shut,  and  another  passage  o  Is  opened,  which  permits  the 
Steam  to  pass  from  the  outer  cylinder,  or  from  the  boiler 
into  the  inner  cylinder  under  the  piston  ;  and  then  the  su- 
perior weight  of  the  bucket  and  pump  rods  pulls  down  the 
outer  end  of  the  lever  or  great  beam, and  raises  the  piston, 
which  is  suspended  to  the  inner  end  of  the  same  beam. 

The  advantages  tbat  accrue  from  this  construction  are. 
Ant,  that  the  cylinder  being  surrounded  with  the  steam 
from  the  boiler,  it  is  kept  always  uniformly  as  hot  as  the 
steam  itselfr  and  is  therefore  incapable  of  destroying  any 
part  of  the  steam,  which  should  fill  it,  as  the  common  en- 
^es  do.  Secondly,  the  condenser  being  kept  always  as 
eotd  as  water  can  be  procured,  and  colder  than  the  point 
at  which  it  boils  in  vacuo,  the  steam  is  perfectly  con- 
densed, and  does  not  oppose  (he  descent  of  the  piston; 
which  is  therefore  forced  down  by  the  full  power  of  the 
steam  from  the  boiler,  which  is  somewhat  greater  than 
that  of  the  atmosphere. 

Iq  the  common  steam-engines,  when  they  are  loaded  to 
7  pounds  upon  the  inch,  and  kie  of  a  middle  siae,  the 
qtiBBtity  of  steam  which  is  condensed  in  restoring  to  the 
eylinJer  the  heat  which  it  had  been  deprived  of  by  the 
farmer  injection  of  cold  water,  is  about  one  full  of  the  cy- 
liaAa,  b»idM  what  it  veally  required  to  ^  Aat  vessel ; 
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.  so  thai  twice  the  full  of  the  cylinder  is  employed  to  Aaka 
it  raise  a  column  of  water  equal  to  about  7  pounds  for 
each  squwe  inch  oflht  piston  :  or,  to  take  it  more  aimpty^ 
a  cubic  foot  of  steam  raises  a  cubic  foot  of  water  about  S 
feet  high,  besides  overcuming  the  friction  of  the  engine 
and  tho  resistance  of  the  water  to  motion. 

In  the  improved  engine,  about  one  full  and  a  fourth  of 
the  cylinde*^  requir>.-d  to  fill  it,  because  ihe-st«am  is  ono- 
fourth  more  dense  thitn  in  the  common  engine.  This  en- 
gine raises  a  load  equal  to  19  pounds  and  a  half  upon  tha 
squareinch  of  the  piston  i  and  eachcubicfoot  of  steenVof 
the  dettsity  of  the  atmosphere,'  raises  one  cubic  fooi'of  wa- 
ter 2i  feet  high.  The  working  of  these  engines  is  more 
regular  and  steady  than  the  common  ones,  and  fVomwbat 
has  been  said,  their  other  advantages  seem  to  be  Tery^uta" 
sideriUjIe.  ■  • 

It  is  said,  that  the  savings  amount  at  least  to  two-thirds 
of  the  fuel,  which  is  an  important  object,  especiallywhera 
CoaJs  are  dear.  The  new  engines  will  raise  from  twmty 
thousand  to  twenty-four  thousand  cubic  feet  of  water, -to 
the  height  of  24  feet  by  one  hundred  weight  of  good  pil 
coal ;  and  Mr.  Watt  has  proposed  to  produce  engines  oil 
the  same  principle*,  though  somewhat  differing  in  construe^ 
tien,  which  will  require  still  much  less  fuel,  and  be  mora 
conveoieflt  for  the  purposes  of  mining,  than  any  kind  of  ■ 
engine  yet  used.  •  Mr.  Watt  has  also  contrived  a  kind  of 
mill  wheel,  which  turM  round  by  the  power  of  steam  ex- 
erted witbin  it. 

The  improvements  above  recited  were  invented  by  Mrt 
James 'Watt,  at  Glasgow,  in  Scotland,  in  1764:  he  obtained 
the  king's  letters  patent  for  the  sole  use  of  his  invention  in 
17£S  ;  but  meeting  with  difhctilties  in  the  execution  of  a  ' 
large  machine,  and  being  otherwiseemploycd,  he  laid  aside 
the  undertaking  till  the  year  1774,  when,  in  conjunction- 
with  Mr.  Boulton  near  Birmingham,  he  completed  both  a 
reciprocating  and  rotative  or  wheel  engine.  He  then  apr 
plied  to  parliament  for  n  prolongation  of  the  term  of  his 
patent,  which  was  granted  by  an  act  passed  ia  1775^  ^ 
Since  that  time,  Mr.  Watt  and  Mr.  Boullon  have  erected 
several  engines  in  various  parts  of  Bngiand,  The  lemii 
they  offer  lothe  public  are,  to  take  in  lieu  of  all  profits, 
one-third  part  of  the  annual  savings  iu  fuel,  which  d>eir 
engine  makes  when  compared  with  a  common  engine  of 
the  same  dimensions  in  ibe  neighbourhood.  The  engines 
are  builtat  the  expence  of  those  who  use  ihem,and  Messrs. 
Buultoa  and  Watt  furnish  such  drawiogs,  directions,  and 
^tteodance,  as  may  be  necessary  to  enable  a  resident  en- 
gineer to  complete  the  machine.  See  the  appendix  to 
Pryce's  AliQeralogia, Ac,  1778. 

Mr.  Uumblowcr  and  others  have  also  made  io^nious 
improvements  on  the  steam-engine. 

See  another  view  of  a  steam  engine  at  fig.  3,  pi.  31. 

SiKAK-Boat,  i[c.  Besides  the  steam-engines  «ro* 
ployed  for  drawing  the  water  out  of  deep-mines,  (and 
without  the  discovery  of  such  machines  the  country  now 
would  have  been  almost  deprived  of  the  use  of  coals,)  steam 
has  been  gradually  applied,  as  a  power,  to  give  motion  ta 
various  other  machines,  and  for  other  purposes  where 
great  and  (Economical  powers  ate  required,  with  the  best 
effects;  such  as  saw-mills,  pile^driving,  deepening  and 
cleansing  of  rivers  and  canals,  the  draft  of  nimierous  wac- 
goas  on  rsil'ways,  with  many  other  useful  and  beneticial 
purposes  V  and  lastly  to  the  parposes  of  navigation,  by  im- 
pelling large  vessels  on  rivers  and  canals,  for  ihecbeap'and 
expediliom  conveyasce  of  yo^sengers  and  goods  ef  all 
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kind*.  M*ny  vpsscU  of  tbi*  kind  am  now  employed  iri  which  ire  often  so  necessary  in  the  practice  of  physiral 
tbii  way,  in  this  cuuntry,  and  in  Nonh  America,  and  sciences,  tlioee  instruments  might  be  SQlnlituted  with  Bd> 
el*ewht;ie.     Ai  early  ai  the  year  1801,  such  a  vessel  was     vantage  for  common  balances. 

tried  on  the  Fortb  and  Clyde  inland  navigation;  but  was  It  would  be  contrary  to  our  plan  to  enter  at  any  length 
laid  aside,  among  other  rcosoDi,  on  account  of  the  injury  upon  the  description  of  the  initrument  which  Mr.  Paul 
it  threatened  the  banks  of  the  canal  by  the  agitation  of  h&i  constructed  tor  thii  purpose,  being  merely  a  mecbani- 
the  water,  lu  America,  the  6rst  steam-boat  was  launched  cal  contrivance ;  it  is  however  very  ingenious,  a  descrip- 
at  New-Vori(  on  the  3d  of  October  I6O7,  and  began  to  ply  tion  of  which  may  be  seen  in  Gregory's  Mechanics,  vol.  3, 
on  the  river  between  that  city  and  Albany,  a  distance  of  pa.  40j,  and  in  the  Philosophical  Magazine,  vol.5,  where 
about  160  miles ;  and  now  numerous  large  vasseli  of  that  there  is  also  a  representation  of  the  instrument, 
kind  are  employed  on  the  navigation  between  New  York  Chinese  Stvelvakd.  The  Chinese  carry  this  statera 
and  Cdnada,as  well  as  on  the  Mississippi,  and  several  other  abojit  (hem  to  weigh  their  gems,  and  other  things  of  vtu 
rivers  in  that  country.  The  first  attempt,  on  a  lai^  lue.  The  beam  or  yard  is  a  small  rod  of  wood  or  ivory, 
scale,  to  navigate  by  steam  on  the  river  Clyde,  was  made  about  a  foot  in  length  :  upon  this  xre  three  rules  of  raeo- 
ju  the  year  ISI2  )  and  many  other  vessels,  of  great  bur-  sure,  made  of  a  fine  silver-studded  woiki  they  all  begin 
den,  are  now  daily  employed  there,  conveying  at  each  time  from  the  end  of  the  beam,  whence  the  tirst  is  extended  8 
several  hundred  tons  of  goods,  or  many  hundred  passen-  inches,  the  second  6),  tbe  third  8}.  The  first  is  the  Eu- 
gers,  in  A  commodious,  cheap,  and  expeditious  manner. 
Vessels  of  tbe  same  kind  are  also  successively  establishing 
on  many  other  rivers  in  the  country  ;  as  on  the  Thames, 
the  Tyne,  &c,  &c,  and  even  coasting  on  the  sea. — Ac- 
counts  of  these  vessels  and  navigations  have  htnat  given  in 
Mverdi  publications  ;  particularly  in  tbe  Monthly  Ma^- 
«ine,in  many  places  of  ihe  volumes  36  and  37,  as  also  in 
-  thePhilos.  Magazine,  vol.  ^5^  in  both  cases  accompanied 
wjth  drawings  and  descriptions  of  tbe  tftachinery. 

STEELYARD,  or  Stiliahd,  in  Mechanics,  %  kind 
of  balance,  called   also,  Stalera  Romans,  or  tbe  Koman 


rupean  measure,  the  other  two  seem  to  be  Chinese  mea- 
sures. At  the  other  end  of  the  yard  hangs  a  round  scale, 
and  at  three  several  distances  from  this  end  are  fastened 
so  many  slender  strings,  as  different  points  of  suspension. 
The  lirst  distance  makes  H  or  ^  of  an  inch,  tbe  second 
3|  or  double  the  first,  and  thc'tbiid  4^  or  triple  of  the 
first.  When  they  weigh  any  thing,  they  bold  up  the  yard 
by  someone  of  these  strings,  and  hang  a  scaled  weight,  of 
about  I}oz  troy  weight,  upon  the  respective  divisions  of 
the  rule,  as  the  thing  requires.  Grew's  Museum,  pa,  369. 
Spring  Steelyard,  is  a  kind  of  portable  balance,  serv- 
Batance,  by  means  of  which  the  weights  of  diSereol  bo-     ing  to  weigh  any  matter,  from  I  to  about  'XQ  pounds-     It 


dice  are  discovered  by  using 


The  common  steelyard  consists  of: 
which  is  assumed  a  point  at  pleasure,  i 
raised B  perpendicular  CD.    On  tbesborti 
,  scale  to  receive  the  bodies  weigbed 


iron 

as  c,  00  which  is 

vrarm  ac  is  hung 

he   moveable 


I  is  shiriL'd  backward  and  forward 
it  be  a  coontirbalnnce  to  1,2,  S,  4,  &c  pounds  placed  in 
the  scale;  and  the  points  are  noted  where  the  conslnut 
weight  1  weighs,  as  1,2,  3,  4,  &c  pounds.  Fmm  this  con- 
struction of  the  stei'lyard,  the  manner  of  using  it  is  evi- 
dent.- 

These  instruments  in  the  hands  of  designing  men  are 
easily  converted  to  the  purpose  of  deception  ;  as,  one  can- 
not so  readily  know  whether  they  be  truly  constructed  or 
not,  as  we  can  with  the  common  balance  ;  on  which  ao- 
count,  and  some  other  inconveniencies  attending  the  use 
of  them,  tbey  ere  nut  very  generally  employed  in  raercan- 
tjle  transactions. 

These  imperfections  in  tbe  common  steelyard,  led  C. 
Paul,  inspector  of  weights  at  Geneva,  to  employ  bis 
thoughts  on  so  far  improving  steelyards,  that  either  in  the 
delicate  operations  oftheaitSiorin  those  of  the  same  kind 


composed  of  a  brass  or  iron  tube,  into  which  goes  a 
rod,  and  about  that  is  wound  a  spring  of  tempered  steel  in 
a  spiral  form.  On  this  rod  are  the  divisions  of  pounds 
and  parts  of  pounds,  which  are  made  by  successively  hang- 
ing on,  to  a  hook  bstened  to  tbe  other  end,  1,  2,  3,  4, 
&c,  pounds. 

Now  the  spring  being  fastened  by  a  screw  to  tbe  bottom 
of  the  rod;  tbe  greater  the  weight  is  that  is  hung  upon  the 
hook,  the  more  will  the  spring  be  contracted,  and  consc- 
()uently  a  greater  part  of  the  rod  will  coine  out  of  tbe 
tube;  the  proportions  or  quantities  of  which  greater 
weights  are  indicated  by  the  figures  appearing  against  the 
extremity  of  the  tube. 

Sterltaud-Sil^.  In  the  Philos.  Trans.  (No.  46'i, 
sect.  5)  is  given  an  account  of  a  steelyard ^sw ing,  proposed 
as  a  mechanical  method  for  assisting  children  labouring 
under  deformities,  owing  to  the  contraction  of  the  muscle* 
on  one  side  of  tiie  body.  The  crooked  person  is  sus- 
pended with  cords  under  his  arm,  and  these  are  placed  at 
"  ■  "        ■  It  i 


the  beam    till     "I"**'  distances  from  the  centre  of  the  beam.      It  is  sup- 
'  posed  that  the  grtivity  of  the  body'willatff'ci  the  contracted 

side,  so  as  to  put  the  muscles  upon  the  stretch  ;  and  hence 
by  degrees  the  defrct  may  be  remedied. 

STEEPLL,  a  buildinLi  usually  raised  ou  the  western 
end  of  a  church  to  ctintain  the  bells. — Steeples  are  deno- 
minated from  their  form,  either  spires,  or  towers.  Tb& 
first  arc  such  as  rise  continually  diminishing  like  a  cone 
or  other  pyramid.  The  latter  are  mere  parallelopi'pedons, 
or  some  other  prism,  and  arc  covered  at  top  uith  a  plat- 
form.— In  each  kind  there  is  usually  a  sort  of  windows,  or 
loop-holes,  to  let  out  the  souud,  and  so  contrived  M  to 
throw  it  downward- 

Masius,  in  his  treatise  on  bells,  treats  also  of  steeples. 
Tbe  most  remarkable  in  the  world,  it  is  said,  is  that  at  - 
Pisa,  which  leans  so  much  to  one  side,  that  you  fear  every 
onoment  it  will  fell ;  yet  a  in  no,  danger,  _  This  odd  dis- 
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position,  he  obunes,  is  not  owing  to  a  shock  of  an  earth-  Sir  Samuel  Moreland.  But  Dcrfaam,  in  liis  Physico-Thwr- 
quake^  as  it  gPDerllly  imagined  ;  but  was  contrived  so  at  logy,  lib.  4,  chap.  3,  says,  that  Kircher  found  out  this  in- 
first  by  thciirchitcci;  as  is  evident  from  the  ceilings,  win-  strumcnt  20  years  before  Moreland,  and  publislieil  it  in  bii 
dows,  doors,  &c,  which  arc  all  in  the  bevel.  Mcsurgia;  and  it  is  further  said  tha;  Gaspar  ^cbiiitus 

STEERAGE,  in  a  ship,  that  part  next  below  the  quar-  '  had  seen  one  at  the  Jciuitf*  Collene  at  Rome,     AIm)  one 
ler-deck,  before  the  buLli-head  of  the  great  cabin,  where    Conyers,  in  the  Philos.l'runs.  No.  141,  gives  a  description 


the 


s  in  most  ships  of  war.     In  large  ships 


which  it  is  necessary 
in.  In  merchant  ships  it  is 
T  officers  and  ship's  crew. 
is  also  used  (o  express  the 


3  used  AS  a  ball,  thr 
to  pass  to  or  from  the 
mostly  thchabiiHtionof  (helowe 

Steeraoe,  in  Sea-language,  i 
effort  of  the  helm  :  and  hence 

SrEERAOE-iooy  is  that  degn 
communicated  to  a  ship,  by  which  i 
ble  of  the  effect  of  the  helm  to  govern  ner  course. 

STEERING,  in  Navigation,  the  art  of  directing  the 
ship's  way  by  the  movements  of  the  helm ;  or  of  applying 
its  efforts  to  regulate  Ker  course  when  she  advances-      "" 


c  of  progressive  motion 
'  e  becomes  suscepti- 


instrument  of  this  kind,  different  from 
monly  made.  Gravesande,  in  bis  Philosophy,  ditappruves 
of  the  usual  figures  of  these  instruments;  he  would  have 
them  to  be  parabolic  conoids,  with  the  focus  of  one  of  its 
parabolic  sections  at  the  mouth. — Concerning  this  instm- 
ment,  see  Sturmy's  Collegium  Curiosum,  Pt.  2, Tenlam.  8; 
also  Philos.  Trans,  vol.  6,  pa.  3056,  vol.12,  pa,  lOJ?. 

STEREOGRAPHIC  ProJKtionof  the  Sphere,  is  that  in 
which  the  eye  is  supposed  to  he  placed  in  the  surface  of 
the  sphere.  Or  it  is  the  projection  of  the  circles  of  the 
sphere  on  the  plane  of  some  one  "great  circle,  when,  the 
luminous  point,  is  placed  in  the  pole  of  that  cir- 


perfection  of  steering  consists  in  a  vigilant  attention  to  the  cle. — For  the  fundamental  principles  and  chief  propcrtiei 

motion  of  the  ship's  head,  so  a^  to  check  every  deviation  of  this  kind  of  projection,  sec  Projection. 

from  thelineof  her  course  in  ihefirst  instant  of  its  motion;  STEREOGilAPHV,  is  the  art  of  drawing  the  forms  of 

and  in  applying  as  little  of  the  power  of  the  helm  as  pos-  solids  upon  a  plane. 

lible.     By  this  means  she  will  run  more  uniformly  in  a  STEVIN,  Stevinus  (Simon^  a  Flemish  malhemali- 

straight  path,  or  decline  less  to  the  right  and  left ;  whereas,  cian  of  Bruges,  who  died  in  163^.     He  was  master  of  ma- 

if  agreatcreffurt  of  the  helm  be  employed,  it  will  produce  thematics  to  prince  Maurice  of  Nassau,  and  inspector  of 

a  greater  declinatiim  from  the  course,  and  nut  only  in-  the  dykes  in  Holland.     It  is  said  he  was  the  invantor  of 

crease  the  d'^i^u'ty  of  steering,  but  also  make  a  crooked  the  sailing  chhriuts,  sometimes  made  use  of  in  Hulland, 

and  irregular  path  through  the  ivater.  He  was  a  good  practical  mathematician  and  mechanist, 

The  helmsman,  orsteeTsman,shoulddiligently  watch  the  and  was  author  of  several   useful  works  :  as,  treatises  on 

movements  of  the  bead  by  the  land,  clouds,  moon,  or  Arithmetic,  Algebra,  Geometry,  Statics,  Optics,  Trigono- 

siars  ;  because,  though  the  counc  is  in  general  regulated  metry.  Geography,  Astronomy,  Fortitication,  and  many 

by  the  compass,  yet  the  vibrations  of  the  needle  are  not  so  others,  in  the  Dutch  language,  which  were  translated  into 

quickly  perceived,  as  the  sallies  of  the  ship's  head  to  the  Latin,  by  Snellius,  and  printed  in  2  volumes  folio.     There 

"      ■              ■      "       '"  also  two  editions  in  the  French  language,  in  folio,  both' 


r  left,  which,  if  not  immediately  restrained, 
acquire  additional  velocity  in  every  instant  of  their  mo- 
tion, and  require  a  more  powerful  impulse  of  the  helm  to 
reduce  them  ;  the  application  of  which  will  operate  to 
turn  her  head  as  far  on  the  contrary  side  of  her  eouree. 

The  phrases  used  in  steering  a  ship,  vary  according  to 
the  relation  of'  the  wind  to  her  course.  Thus,  when  the 
wind  is  large  or  fair,  the  phrases  used  by  the  pilot  or  offi- 
cer who  superintends  Che  steerage,  are  port,  starboard,  and 
steady ;  the  first  of  which  is  intended  to  direct  the  ship's 
course  further  to  the  right ;  the  second  to  the  left ;.  and 
the  last  is  designed  to  keep  her  exactly  in  the  line  on  which 
•he  advances,  according  to  the  intended  course.  The  ex- 
cess of  the  lirst  and  second  movement  is  called  hard-a- 
port,  and  hard -a- starboard  ;  the  former  of  which  gives  her 
thcgrcatcst  possible  inclination  to  the  right,  and  the  latter 
an  equal  tendency  to  the  left. — If,  on  the  contrary,  the 
wind  l^e  scant  or  foul,  the  phrases  are  luff,  thus,  and  no 
nearer :  the  first  of  which  is  (he  order  to  keep  her  close  to 
the  wind;  the  second,  to  retain  her  in  her  present  situa- 
tion ;  and  the  third,  to  keep  her  sails  full. 

STELLA.     SeeSTAR. 

STENTOROPHONIC   Tubt,  a  speaking  trumpet,  or 
tube  employed  to  speak  to  a  person  at  a  great  distance- 
It  has  been  so  culled  from  Stentor,  a  person  mentioned  in     Stewart  madi 
the  5lb  book  of  the  Iliad,  who,  as  Homer  tells  us,  could     from  the  abili 
call  out  louder  than  50  men.    With  (he  celebrated ,st en- 
tuTopbonic  horn  of  Alexander  the  Great,  it  is  said,  hi 


printed  at  Leyden,  the  one  in  l606,  and  the  other  in  1634, 
with  curious  notes  and  additions,  by  Albert Girard.— For 
a  parliculnr  account  of  Stcvin's  inventions  atid  improve- 
ments in  Algebra,  which  were  many  and  ingenious,  see 
our  article  Algebra,  vol.  1,  pa.89. 

STEWART  (the  Rev.  Dr.  Matthew),  late  professor  of 
mathematics  in  the  university  of  Edinburgh,  was  the  son 
of  the  reverend  Mr.  Dugald  Stewart,  minister  of  Rothsay 
in  the  Isle  of  Bute,  and  was  born  at  that  place  in  the  year 
\ll7.  After  having  finishedhis  course  at  the  grammar 
s'chool,  being,  intended  by  his  father  for  the  church,  he  was 
sent  to  the  university  of  Glasgow,  and  was  entered  theieaa 
a  student  in  1734.  His  academical  studies  were  prose- 
cuted with  diligence  and  success ;  and  he  was  so  happy  as 
to-be  particularly  distinguished  by  the  friendship  of  Dr. 
Hutcheson,  and  Dr.  Simson  the  celebrated  geometrician, 
under  whom  he  made  great  progress  in  that  science. 

Mr.  Stewart's  views  made  it  necessary  for  him  to  attend 
the  lectures  in  the  university  of  Edinburgh  in  1741  ;  and 
that  his  mathematical  studies  might  suffer  no  interruption, 
he  was  introduced  by  Dr,  Simson  to  Mr.  Maclaurin,  who 
was  then  teaching  with  so  much  success,  both  the  geome- 
try and  the  philosophy  of  Newton,  and  under  w  horn  Mr. 
'  '  ,t  proficiency  which  wiis  to  be  expected 
of  such  a  pupil,  diriettMl  hy  those  of  so 
great  a  master.  But  the  modem  analysis,  even  when  thus 
powerfully  recommended,  wasnot  able  10  n 


)uld  give  orders  to  his  army  at  the  distance  of  100  stadia,  tention  from  the  relish  (if  the  ancient  geometry,  which  be 

which  is  about  12  English  miles.  had  imbibed  under  Dr.  Simson.     He  still  kept  up  a  regu- 

Theprcscntspcaking trumpet,  it  is  said,  was  invented  by  lar  correspondence  with  this  gentleman,  giving  hiiu an  ac- 
Voi,.n.  3N. 
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csnnt  of  hn  proven,  nnd  of  his  diseoverie*  in  geometry,  book  of  Pappus.     They  have  ■  rclntion  to  the  sufcjt^ct  of 

irhieh  were  n«n»  both  nunieroin  and  important,  aiitf  te-  Pomms,  and  one  of  them  iorm»  the  glSt  of  Dr.  Siinsun'r 

eetvwig  in  reium  many  curioHs  cominuBicaCiorn  with  re-  HcstoFation. 

tpett  le  the  Loci  Phni,  and  the  Porisms  ul  Kuclid.     Mr.  It  has  been  already  menttooeiJ,  that  Dr.  Stewart  liatt 

Stttwart  punuect  tiiii  latter  subject  in  a  different  and  neir  fornvd  the  phttt  of  introducing  intu  ihe  higher  parts  of 

direction.     In  doing  which,  he  was  ted  to  the  discuvery  of  '      '        '        -■■•■-       .    ■      .    - 
those  cariotrs  and  interesting  propusitinns,  which  were 
poblished,  umler  the  title  of  General  Theorems,  in  1746'. 


They  were  given  wilhoQt  the  demonat  rat  tons ;  but  did  not 
hil  lo  place  their  discowrer  at  uncu  mnung  the  geometri- 
cians of  the  first  rank.  They  are,  for  the  most  piirt,  po- 
risms, though  Mr.  Stewart,  carvful  not  to  anticipate  the 
discoveries  of  Im  friend,  gave  them  only  the  n^me  of  theo- 
rems. They  arc  among  the  most  beautiful,  as  well  as 
nost  general  propositions,  known  in  the  whole  compass  of 
geometry,  and  !ire  perhaps  only  equalled  by  the  remark- 
able tocos  to  the  circle  in  the  second  book  of  ApoUonius, 
or  hy  the  cclcbmtt'd  theorem  of  Mr.Cotes. 

Such  h  the  history  of  Ihe  invention  of  iheae  proposi- 
tions ;  and  the  occasion  of  the  publication  of  them  was  as 
fiillows.  Mr.  Stewart,  while  engaged  in  them,  had  entered 
into  the  church,  and  become  minister  of  Rosenealh.  It 
was  in  that  retired  and  nnianfic  situation,  that  he  disco- 
vered the  greater  part  of  those  theorems.  Ju  the  summer 
of  t74(>,  the  mathematical  chair  in  the  university  of  Edin- 
burgh became  vacant,  by  the  death  of  Mr.  Maclaurin. 
The  General  'Fheorems  had  not  yet  appeared  ;  Mr.  Stew- 
art was  known  only  to  his  triendsj  and  the  eyes  of  the 
public  ncrc  naturally  turned  on  Mr.  Stirling,  who  then 
rendcd  at  Leadhilb,  and  who  was  well  known  in  the  ma- 
thematical world.  He  however  declined  appearing  as  a. 
nntfidaie  for  the  vacant  chair;  and  several  othcra  were 
named,  among  whom  was  Mr.  Stewart.  On  this  occasion 
he  printed  the  General  Theorems,  which  gave  their  author 
a  decided  superiority  above  all  the  other  candidates.  He 
was  accordingly  elected  professor  of  mathematics  in  the 
university  of  Edinburgh,  in  September  1747. 


The  duties  of  this  office  gave 
to  bis  mathematical  punuits,  and  led  him 
most  simple  and  elegant  means  of  explaining  Itiose  ditti- 
cu)t  propositions,  which  were  hitherto  only  accessible  to 
nen  deeply  versed  in  the  modern  analysis.  In  doing  this, 
he  was  punuing  the  object  which,  of  all  others,  he  most 
ardently  wished  to  attain,  viz,  the  application  of  geometry 
to  such  problems  as  the  algebraic  calculus  alone  had  been 
thought  able  lo  resolve.  H  is  notution  of  Kepler's  problem 
was  the  flrat  specimen  of  this  kind  which  he  published ; 
and  it  was  perhaps  impossible  to  have  produced  one  mure 
to  the  credit  of  the  method  he  followed,  or  of  the  abilities 
with  which  he  applied  it.     Among  the  excellent  soluti 


ihemalics,  the  strict  aj>rf  simple 
damonstraliim.  The  proaeculion  of  this  plan  produced 
the  Tracts  Physical  and  Maibeinxtical,  which  were  pub- 
lished  in  1701.  In  iha  first  of  these.  Dr.  Slewarl  lays 
down  the  doctrine  of  centripetal  forces,  in  a  series  of  pro- 
positions, demonstrated  (if  we  admit  the  quadrature  of 
curves)  with  the  uimost  rigour,  and  requiring  no  previ- 
ous knowledge  of  the  mathematics,  except  the  elements 
of  plane  Geometry,  and  of  Conic  Sections,  The  good 
order  of  these  propositions,  added  to  the  clearness  and 
simplicity  of  the  demonstraiiuns,  renders, this  tract  per- 
haps the  best  elementary  treatiee  of  Physical  Astronomy. 
tbat  is  any  where  to  be  found. 

In  the  three  remaining  tracts,  our  audior  bad  it  in  view 
to  determine,  by  the  same  rigorous  method,  the  effect  of 
those  forces  which  disturb  the  motions  of  a  secondary 
planet.  From  this  he  proposed  to  deduce,  not  only  a 
theory  of  the  moon,  but  a  determination  of  the  sun's  dis- 
tance from  the  earth.  The  former,  it  is  well  known,  n 
the  most  difficult  subject  to  which  mathematics  have 
been  applied,  and  the  resolution  required  and  merited  alt 
tfae  clearness  and  simplicity  which  our  author  possessed 
in  BO  eminent  a  degree.  It  must  be  regretted  therefore, 
that  the  decline  of  i>r. -Stewart's  health,  which  began  soon, 
afler  the  publication  of  the  tracts,  did  not  permit  him  to 
pursue  this  investigation. 

The  other  object  of  the  tracts  was,  to  determine  tfae 
distance  of  the  sun,  from  his  effect  in  disturbing  the  mo- 
tions of  the  moon;  and  Dr.  S.'a  inquiries  into  the  lunar 
irregularities  had  furnished  him  with  the  means  of  ac~ 
complisbing  it. 

The  theory  of  the  composition  and  resolution  of  force* 


hat  different  enables  us  to  determine  what  part  of  the  solar  force 
think  of  the  employed  in  disturbing  the  motions  of  the  moon ;  and 
g  those  diffi-  therefore,  could  we  measure  the  instantaneous  effect  of 
accessible  to  that  force,  or  the  number  of  feet  by  which  it  accelerates 
or  retards  the  moon's  motion  in  a  second,  we  should  be 
able  to  determine  how  many  feet  the  whole  force  of  ihe 
sun  would  make  a  body,  at  the  distance  of  the  moon,  or 
of  the  earth,  descend  in  a  second  of  lime,  and  conse- 
quently how  much  the  earth  is,  in  every  instant,  turned 
out  of  its  rcciilineal  course.  Thus  the  curvature  of  the 
earth's  orbit,  or,  which  is  the  same  thing,  the  radius  of 
that  orbit,  that  is,  the  distance  of  the  sun  from  the  earth, 
would  he  determined.  But  the  fact  is,  that  (he  instanta- 
hitherto  given  of  this  famous  problem,  there  were  none  of  neous  effects  of  the  sun's  disturbing  force  are  too  minute 
them  at  once  direct  in  its  method,  and  simple  in  its  prin-  .  to  be  measured;  and  that  it  is  only  the  effect  of  that 
ciples.  Mr,  Stewart  was  so  happy  as  to  attain  both  these  force,  continued  for  an  entire  revolution,  or  some  consi- 
objects.  He  founds  his  solution  on  a  general  property  of  derable  portion  of  a  revolution,  which  astronomen  are 
curves,  which,  though  very  simple,  had  perhaps  never  been     able  to  observe. 

observed  ;  and  by  a  most  Ingenious  application  of  that  There  is  yet  a  greater  difficulty  which  erabanssaes  the 
property,  he  shows  how  the  approximation  may  be  con-  solution  of  this  problem.  For  as  it  is  only  by  the  dif- 
tinued  to  any  degree  of  accuracy,  in  a  series  of  results  ference  of  the  forces  exerted  by  the  aun  on  the  earth  and 
which  converge  with  great  rapidity.  on  the  moon,  that  the  motions  of  the  latter  are  dicturbed. 

This  solution  appeared  in  the  second  volume  of  the  the  briber  off  the  sun  is  supposed  to  be,  the  less  will  be 
Essays  of  the  Philosophical  Society  of  Edinburgh,  for  the  force  by  which  he  disturbs  tbe  moon's  motions;  yet 
the  year  1756.  In  the  first  volume  of  the  same  collec-  tbat  force  will  not  diminish  beyond  a  fixed  limit,  and  a 
tion,  there  are  some  other  propositions  of  Mr.  Stewart's,  certain  disturbance  would  obtain,  even  if  the  distance  of 
which  arc  an  extension  of  »  curious  theorem  ia  the  4th    the  sun  were  itifiiHte.    Now  the  sun  is  actually  placed  •( 
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«>  grest  A  dhtsncc,  that  ai\  (Ik  ^Uturbttien,  which  be  cUfied  tb«  cMn^muion  kbove  iMKtioned,  vii,  t&e  im- 

produccs  OK  the  lunar  rootiaiu,aK  very  near  to  this  limit,  ncnte  wnation  of  the  sun't  dislaace,  which  coneapoBdt 

«Bd  therefore  a  serbU  mistake  in  estimating  their  quan-  to  B  very  Bmall  variaiiun  of  the  motion  of  the  moon's 

■tity,  or  in  leaaoniog  about  than,  may  ^tve  the  diitaece  apogee.     And  it  it  fayt  justice  to  acknowledge  that,  be- 

of  the  sun  infinite,  or  even  impoeible.     But  dl  this  did  sides  being  just  in  the  points  already  mentioned,  they  are 

not  deter  Dr.  Stewart  frmn  undertaking  the  solution  of  very  ingenious,  and  written  with  much  modesty  and  good 

the  problem,  with  do  other  assistance  than  that  which  temper.     The  author,  who  at  first  conceak'd  his  name, 

geometry  could  aflbrd.     Indeed  the  idea  of  such  a  pro-  but  has  now  consented  to  its  being  made  public,  was  Mr. 

blcm  had  first  -iccurred  to  Mr.  Machin,  who,  in  biS'  book  Dawson,  a  surgeon  at  Sedbci^  in  Vorkshire,  and  one  of 

on  the  laws  uf  the  moon's  motion,  has  just  mentioned  it,  the  most  ingenious  mathematicians  and  phjiosophrn  this 

and  given  the  result  nf  a  rude  calculation  (the  method  of  country  now  possesaet. 

which   he  does  not  cKpUia),  which  assigns  8"  for  the         A  second  attack  was  eonn  after  this  made  on  the  Suit's 

paralla-N  uf  the  sun.     He  made  use  of  the  motion  of  the  Distance,  by  Mr.  Landen  ;   but  by  no  means  with  the 

nodes;    Cut    Dr.  Stewart  considered  the  motion  of  the  same  good  temper  which  has  been  remarked  in  the  fortser. 

apogee,  or  of  the  longer  axil  of  the  .moon's  orbit,  as  the  He  bncied  to  himself  errors  in  Dr.  Stewart'ii  investiga- 

irref^ularity  best  adapted  to  his  purpose.    It  is  welt  known  tion,  which  have  no  existence ;  bCGxaggerated  those  that 

thaf  thi'  orbit  uDhe  moon  is  not  immoveable  ;  but  tbat,in  were   real,  end  seemed  to   triumph  in  the  discovery  of 

Corisequi'nce  of  the  disturbing  fonre  of  the  sun,  the  longer  them  with  uu becoming  exultation.     If  there  are  any  sub- 

asis  of  that  orbit  has  an  angular  motion,  by  which  it  jects  on  which  o>en  may  be  expected  to  reason  dii^tas- 

goes  back   about  3  dcgn^es  in  every  lunation,  and  com-  sionalely,  they  are  certainly  the  properties  of  number  and 

pletes  an  entire  revolution  in  9  years  nearly.     This  mo-  extension ;  and  whatever  pretexts  moralists  or  divines  may 

tion,  though  eery  remarkable  and  easily  determined,  has  have  for  abusing  one  another,  mathematicians  can  lay 

the  same  &ult,  with  rrapect  to  the  present  problem,  that  claim  to  no  such  indulgence.     The  asperity  of  Mr.  Lan- 

was  ascribed  to  the  other  irregularities  of  the  moon;  for  den's  aniraad  vers  ions  ought  not  therefore  to  pass  uncen- 

a  very  sinaf)  pArt  of  it  only  depends  on  the  parallax  of  sured,  though  it  be  united  with  sound  reaeoniogand  acca- 

the  sun  ;  and  of  this  Dr.  Stewart  seems  not  to  have  been  rate  discussion.     But  Mr.  Landen,  in  the  seal  of  correction, 

perfectly  aware.  brings  many  other  charges  against  Qr.  Stewart,  the  greater 

The  propiisitions  ho#ever  which  defined  the  relation  partof  which  seem  to  have  no  good  foundation.     Suchare 

between  the  sun's  distance  and  the  mean  motion  of  the  his  objections  to  the  second  part  of  the  investigation,  where 

apogee,  were  published  among  the  tracts,  in  176l-     The  Df*  Stewart  finds  tlie  relation  between  the  disturbing  force 

transit  of  Venus  happened  also  in  that  year :  and  the  as-  of  the  sun,  and  the  motion  of  the  apses  of  the  lunar  orbit, 

trondmera  returned,  who  had  viewed  that  curious  pheno-  Forthispart,iusteadofbeingtiabletoobjection, is  deserving 

menon,  from  the  most  distant  stations;  and  no  very  sa-  of  the  greatest  praise,  since  it  resolves,  by  geometry  aloae, 

tis%;tory  result  w^  obtained  from  a  comparison  of  their  a  problem  which  had  eladcd  tkie  eilbrts  of  some  of  the 

observations.       Dr.  Stewart  then  resolved   to  apply  the  ablest  mathematiciatis,  even  when  iliey  availed  themselves 

Iinnciples  he  had  already  laid  down ;  and,  in  1763,  he  pub-  of  the  utmost  resources  of  the  integral  calculus.     Sir  Isaac 

ished  his  essay  on  the  Sun's  Distance,  where  the  compu*  Newton,  though   he  assumed  the  disturbing  force  very 

tation  being  actually  made,  the  parallax  of  the  sun  was  near  the  truth,  computed  tbe  motion  of  the  apses  from 

found  to  be  no  more  than  Gf-g,  and  consequently  his  dis-  thence  only  at  one  half  of  what  it  really  amounts  to ;  io 

tance  almost  29875  semidiametcn  of  the  earth,  or  nearly  that,  had  he  been  required,  like  Dr.Stewart,  to  invert 

119  millions  of  miles.  the  problem,  he,  would  have  committed  an  error,  not 

A  determination  of  the  sun's  distance,  that  so  fer  ex-  merely  nf  a  few  thousandth  parts,  as  the  latter  is  alleged 

ceeded  all  former  estimations  of  it,  was  received  with  sup-  to  have  done,  but  would  have  brought  out  a  result  double 

prise,  and  the  reasoning  on  which  ft  was  founded  was  of  the  truth.     (Princip.  Math.  lib.  3.  prop.  3.)     Machin 

likely  to  undeifo  a  severe  examination.    But,  even  among  and  Callendrini,  when  commenting  on  this  part  of  the 

astronomers,  it  was  not  every  one  who  could  judge  in  a  Principia,  found  a  like  inconsistency  between  their  theory 

matter  of  such  dilGcuU  discussion.     Accordingly,  it  was  and  observation.   Three  other  celebrated  mathematician^ 

not  till  about  5  years  after  the  publication  of  the  snn's  Clairaut,  Dalembert,  and  Euler,  severally  experienced  the 

distance,  that  there  appeared  a  pamphlet,  under  tbe  title  same  difliculties,  and  were  led  into  an  error  of  the  same 

of  Four  Propositions,  intended  to  point  (tut  certain  errora  magnitude.     It  is  true,  that,  on  resuming  their  computar 

in  Dr.  Stewart's  investigation,  which  had  given  a  result  tions,  they  found  that  they  had  not  carried  their  approxi- 

much  greater  than  the  truth.     From  his  desire  of  simpli-  matiuns  to  a  sufficient  length,  which  when   they  had  at 

fying,  and  of  employing  only  tbe  geometrical  method  of  Udt  eccomplished,  tbeir  results  agreed  exactly  with  ob- 

reasoning,  he  was  reduced  to  the  necessity  of  rejecting  servation.     Mr.  Walmsley  and  Dr.  Stewart  were,  I  think, 

.quantities,  which  were  considerable  enough  to  have  a  the  first  mathematicians  who,  employing  in  the  solution 

great  effect  on  the  last  result.     An  error  was  thus  intro-  of  this  difficult  problem,  the  one  the  algebraic  calculus, 

duced,  which,  had  it  not  been  for  certain  compensations,  and  the  other  the  geometrical   method,  were  led  imme- 

would  have  become  immediately  obvious,  by  giving  the  diately  to  the  truth;   a  circumstance  so  much  for  the 

sun's  distance  near  three  times  as  great  as  that  which  has  honoifr  of  both,  that  it  ought  not  to  be  forgotten.     It 

been  mentioned.  ,  wot  the  business  of  an  impartial  critic,  while  heexamined 

The  author  of  the  pamphlet,  referred  to  above,  was  the  our  author's  reasonings,  to  have  remarked  and  to  have 

first  who  remarked  the  dangerous  nature  of  these  simpli-  weighed  these  considerations, 

fications,  and  who  attempted  to  estimate  the  error  to  which         The  Sun'sDtstnnce  was  the  last  work  which  Dr.Stewart 

they  had  given   rise.     This  author  remarked  what  pro-  published;  and  though  he  lived  to  see  the  animadvcTsioDs 
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made  on  it,'  that  have  been  taken  notice  of  above,  he  de-  acciiitomed  to  the  most  inteoM  knd  continued  applica- 
clinod  entering  intu  any  controversy.  His ditpo&ition  was  tiuii.  In  consequence  of  this  application,  added  to  (be 
fiar  Trom  polemical ;  and  he  iincw  the  value  of  that  quiet,  natural  vigour  of  bis  mind,  he  retained  the  roemury  of  bis 
which  a  litrrary  man  should  rarely  fuffcT  hii  antagonists  discoveries  in  a  manner  tbat  uill  hardly  be  believed, 
interrupt.  He  used  to  uy,  tbat  the  dectiion  of  ibc  He  seldom  wrote  down  any  of  bis  investigations,  till  it  be- 
came necaiury  to  do  so  for  the  purpo^  of  publication. 
When  he  discovered  any  proposiuoii,  he  would  set  down 
the  enunciation  with  great  accuracy,  and' on  lb e  same 
piece  of  paper  would  construct  very  neatly  the  figure  to 
which  it  referred.  To  these  he  trusted  for  recalling  to 
his  mind,  at  any  future  period,  the  demonstration,  or  the 
analysis,  however  complicated  it  might  lie.  Experience 
had  taught  him  that  he  might  place  [his  confidence  in  him- 
qclf  without  any  danger  of  diapnointmcnc;   and  fir  this 


point  in  question  was  now  before  the  public  ;  tbat  if  his 
invisti^Hlion  was  right,  it  would  never  be  overturned,  and 
that  if  it  was  wrong,  it  ought  not  to  be  defended. 

A  few  months  beforo  be  published  the  Es>Ay  just  men- 
tioned, he  gave  to  the  world  another  work,  entitled  I'ro- 
positiones  More  Veterum  DemonstraiK.  It  consists  of  a 
series  of  geometrical  theorems,  mostly  new  ;  investigated, 
first  by  an  analysis,  and  afterwards  synthetically  demon- 
strated by  the  inversion  of  the  same  analysis.     This  me- 


thod made  an  important  part  in  the  analysis  of  the  ancient     singular  power,  be  w 


geometricians ;  but  few  examples  of  it  have  been  pre- 
served in  their  writings,  and  those  in  the  Propositiones 
Geometries  are.lberefore  the  more  valuable. 

Dr.Stewart's  constant  use  of  the  geometrical  analysis 
had  put  him  in  possession  vf  many  valuable  propositions, 

which  did  not  enter  into  the  plan  of  any  of  the  works  that     least  of  the  writings 
have  been  enumerated.     Of  these,  not  a  few  have  found     investigations  occupied  hi 


probably  jnorc  indebted  ti 
than  to  the  mere  Icnaciousnese  of 


tivity  of  his 

his  memory. 

Though  Dr.  Stewart  was  c.\(remely  studious,  he  read 

but  few  books,  and  [bus  verilied  the  observation  of  Dalem- 

bert,  that,  of  all  the  men  of  letters,  mathemaiicians  read 
nnoiher.  Our  author's  own 
sufficiently  ;  and  indeed  the 


a  place  in  the  writings  of  Dr.  Simson,  where  they  will  for  world  would  have  had  reason  to  regret  the  iijisappliciit 

ever  remain,  to  mark  the  friendship  of  these  two  matlic-  of  his  talents,   had  he  employed,  in  the  mere  acquisition 

raaticians,  and  to  evince  the  esteem   which  Dr.  Simson  of  knowledge,  that  time  which  he  could  dedicate  to  works 

entertained  for  the  abilities  of  his  pupil.     Many  of  these  ofinveniion. 

are  in  the  work  upon  the  Porisms,  and  others  in  the  Conic  It  was  Dr.  Stewart's  custom  to  spend  the  summer  at 

Sections,  viz,  marked  with  the  letter  x ;  also  a  theorem  a  delightful  retreat  in  Ayrshire,  where,  after  the  acadi'- 

in  the  edition  of  Euclid's  data.  mical  labours   of  the  winter  were  ended,   he   founil   the 

Soon  after  the  ^lublication  of  the  Sun's  Distance,  Dr.  leisure  necessary  for  the  prosecution  of  his  researches. 


Stewart's  health  began  to  decline,  and  the  duties  of  hi 
office  became  burdensome  to  him.  In  the  year  1772,  he 
retired  to  the  country,  where  he  afterwards  spent  the 
greater  part  of  his  life,  and  never  resumed  his  labotjrs  in 
the  university.  He  was  however  so  fortunate  as  to  have 
a  son  to  whom,  though  very  young,  he  could  commit  the 
care  of  them  with  the  greatest  confidence.  Mr.  Dugald 
Stewart,  having  begun  to  give  lectures  for  his  father  from 
(he  period  above-mentioned,  was  elected  joint  profes- 
sor with  him  in  1775,  and  gave  an  early  specimen  of 
those  abilities,  which  have  not  been  confined  to  a  single 

>unt  of  the  bad  stale 


nilitudc  of 
o  each  other, 


tid,  ( 


After  mathematical  studies  (i 
of  health  into  which  Dr.  Stewart  was  falling)  had  ceased  and  they 
to  be  his  business,  they  continued  to  be  his  amusement,  favourite 
The  analogy  between  the  circle  and  hyperbola  had  been 
an  early  object  of  his  admiration.  The  extensive  views 
which  that  analogy  is  continually  opening;  the  alternate 
appearance  and  disappearance  of  rt:semblance  in  the 
midst  of  so  much  dissimilitude,  make  it  an  object  that 
astonishes  tlic  experienced,  as  well  as  the  young  geome- 
trician. To  the  consideration  of  this  analogy  therefore 
the  mind  of  Dr.  Stewart  very  naturally  returned,  when 
disengaged  from  other  speculations.  His  usual  success 
still  attended  his  invcstigiitions ;  and  he  has  Teft  among 
his  papers  some  curious  approximations  to  the  areas,  both 
of  the  circle  and  hyperbola.  For  some  years  toward  the 
end  of  his  life,  his  health  scarcely  allowed  him  to  prose- 
cute study  even  as  an  amusement.  He  died  itjc  23d  of 
January  1785,  at  68  years  of  age. 

The  habits  of  stuily,  in  a  man  of  original  genius,  are 
objects  of  curiosity,  and  deserve  lo  be  remembered.  Con- 
cerning those  of  Dr.  Stewart,  his  writings  have  made 


In  his  way  thither,  he  often  ma^c  a  visit  to  Dr.Simson  of 
Glasgow,  with  whom  he  had  lived  from  his  j'ouih  in  the 
most  cordial  and  uninterrupted  friendship.  It  was  pleas- 
ing [o  observe,  in  these  two  excellent  m3tbrmHticians,jhc 
most  perfect  esteem  end  atFectiun  for  each  other,  and  the 
most  entire  absence  of  jealousy,  though  no  two  men  ever 
trodc  more  nearly  in  the  same  path.  The  s 
their  pursuits  served  only  to  endear  ther 
as  it  will  ever  do  with  men  superior  to  fnvy 
timents  and  views  of  the  science  they  cul 
nearly  the  game ;  ihey  were  both  profound  geometrician!  . 
they  equally  admired  the  ancient  ibalbemattcians.  and 
were  equally  versed  in  their  methods  of  investigation  ; 
both  apprehensive  that  the  beauty  of  their 
icc  would  he  forgotten,  for  the  less  elegant 
methods  of  algebraic  computation.  This  mnovetion  ihey 
endeavoured  to  oppose ;  the  one,  by  reviving  thost'  books 
of  the  ancient  geometry  which  were  lost;  the  other,  by 
extending  that  geometry  to  the  most  difficult  inquiries  of 
the  moderns.  Dr.  Stewart,  in  particular,  had  remarked 
■'  "  ■  ■  n  which  many  of  the  grt-Btest  of  the  mo- 
ithematicians  had  involved  themselves  in  the  ap- 


plication  of  the  calculus,  which  a  little  aiientiun  to  the 
ancient  geometry  would  certainly  have  enabled  them  lo 
RvuJd.  He  had  observed  too  the  elegant  synthetical  de- 
monstrations that,  on  many  occasions,  may  be  given  of 
the  most  difficult  propositions,  investigated  by  iheinvenc 
method  of  fluxions.  These  circumstances  ba^  pi'rhaps 
made  a  strongLT  impression  than  ihcy  oupht,  on  a  mind 
already  filled  with  admiration  of  tlic  ancient  geometry, 
and  produci-d  too  unfavourable  an  opinion  of  the  niodvrn 
analysis.  But  If  it  be  confessed  that  Dr.  Stewait  ralt'd, 
any  respect  loo  high,  the  merit  of  the  former  of  ihefce 


QODCcessary  to  remark,  that  from  Lis  youth  he  had  been     sciences,  this  may  well  be  excused  i 
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bed  conducted  to  (he  discovery  of  Ibe  General  Tbeoreras, 
fo  the  solution  of  Kepler's  Prublcm,  and  to  an  accurate 
deEerrainntion  of  the  Sun's  disturbing  force.  His  great 
modesty  made  him  ascribe  to  the  method  be  used,  that 
sucress  which  he  owed  to  his  own  abilities. 

The  foregoing  account  of  Dr.  Stewart  and  his  writings, 
is  chiefly  extracted  from  the  learned  history  of  them,  by 
Mr.  Playfair,  in  ihe  1st  volume  of  tho  Edinbui^h  Philo- 
sophical Transactions,  pa.  57,  &c. 

STIFEL,  Stifci-HIS  (Michaei.),  a  Protestant  mi- 
nister, and  very  skilful  mathematician,  vas  born  at  Els- 
lingcn,  a  town  in  Germany;  and  died  at  Jena  in  Thu- 
ringia,  in  the  year  1  56?,  at  58  year«  of  age  according  to 
Vossius,  but  some  others  say  80.  Stifel  was  one  of  the 
betit  mathematicians  of  his  time.  He  published,  in  the 
German  language,  a.  treatise  on  Algebra,  and  another  on 
the  Calendar  or  Kcclesiastical  computation.  But  his 
chief  norit,  is  the  Aritbmetica  Int^ra,  a  complete  and 
excellent  treatise,  in  Latin,  on  arithmi'tic  and  algebra, 
printed  in  4to  r.t  Norlmberg  1344.  In  this  work  there 
are  a  number  of  ingenious  inventions,  both  in  common 
arithmetic  and  in  algebra;  of  which,  those  relating  to  the 
latter  arc  amply  explained  under  ihi;  article  Algebra 
in  t4)is  dictionary,  vol.  1.;  to  which  may  be  added 
some  pariiiulars  concerning  the  arithmetic,  from  the  &rst 
volume  of  my  Tracts,  pd.  231,  &c.  In  this  original 
work  arc  contHined  many  curious  things,  some  of  which 
have  mistakingly  been  ascribed  to  a  much  later  dale.  He 
here  treats  pretty  fully  and  ably,  of  progressional  and 
'liguraic  numbers,  and  in  parlieukr  of  the  triangular 
table,  fnr  coRstiucting  both  them  and  the  coefficients  of 
the  terms  of  all  powers  of  a  binomial ;  which  has  been  so 
often  used  since  hia  time  for  these  and  other  purposes, 
and  which  more  than  a  century  after  was,  by  Pascal, 
otherwise  called  the  Aritfauieticnl  Triangle,  and  who  only 
mentioned  some  additional  pr<iperties  of  the  table.  Siifel 
shows,  ihnt  the  horizontal  lines  of  the  tabic  furnish  the 
coefficients  of  tl.e  terms  of  the  corresponding  powers  of  a 
-binomial ;  and  teaches  how  to  make  use  of  them  in  the 
extraction  of  roots  of  all  powei-s  whatever.  Cardan  seems 
to  ascribe  the  Invention  of  that  table  to  Slifclius;  but  I 
apprehend  that  is  only  to  be  understood  of  its  applica- 
tion 10  the  extraction  of  roots. 

It  is  remarkable  too,  how  our  author,  at  pa.  35  &c  of 
the  same  book,  treats  of  the  nature  and  use  of  logarithms; 
not  under  that  name  indeed,  but  under  the  idea  of  a  series 
of  arithmeticaJs,  adapted  to  a  series  of  geo  me  erica  Is.  He 
there  explain  j  all  their  uses ;  such  as,  that  the  addition  of 
them  answers  to  the  multiplication  of  ihcir  geomctricals  ; 
subtraction  to  division;  multiplication  of  exponents  to 
involution  ;  and  dividing  of  exponents  to  evolution.  He 
also  exemplifies  the  use  of  them  in  cases  of  the  Rulc-of- 
three,  and  in  finding  mean  proportionals  between  given 
terms,  and  such  like,  exactly  as  is  done  in  logarithms. 
So  that  he  seems  to  have  been  in  the  full  possession  of 
the  idea  of  lonarithmt,  and  wanted  only  the  necessity  of 
troublesome  calculations  to  induce  him  toniake  a  table 
of  such  numbers. 

Stifelios  wrote  also  pretty  largely  on  magic  squares. 

Stifel  was  a  zealous,  though  weak  disciple.of  Luther, 
lie  took  it  into  his  head  to  become  a  prophet,  ami  he 
predicted  that  the  end  of  the  world  would  happen  on  a 
certain  day  in  the  year  1553,  by  which  he  terrified  many 
people.     Whea  the   proposed  day  arrived,  he  repaired 
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early,  with  roaltiltides  of  hii  followers,  to  a  particular 
place  in  the  open  air,  spending  the  whole  day  in  themost 
fervent  prayers  and  praises,  in  vain  looking  lor  the  coming 
of  the  Lord,  and  the  universal  conflagration  of  the  cle> 
ments,  &c. 

STILE.     See  Style. 

STILYAUD.    S<e  Steelyard. 

SrOFLER  (John),  a  German  mathematician,  nai 
born  at-Justingen  in  Suabia,  in  1453,  and  died  in  1531, 
at  79  years  of  age.  He  taught  mathematics  at  Tubinga, 
where  he  acquired  a  great  reputation,  which  however  be 
in.  a  great  measure  lost  again,  by  intermeddling  with  the 
prediction  of  future  events.  He  annount:cd  a  great  de- 
luge, which  he  said  would  happen  in  the  year  1534,' a 
prediction  with  which  he  terrified  all  Germany,  where 
many  persons  prepared  vessels  proper  to  escape  with  from 
the  ^oods.  But  iiappily  the  prediction  faillRg,  it  enraged 
the  astrologer,  though  it  served  to  convince  him  of  the 
vanity  of  his  prognostications. — He  was  author  of  several 
works  io  mathematics  and  astrology,  full  of 'foolish  and 
chimerical  ideas;  such  as, 

1.  Klucidatio  Fabric.  Ususijue  Astrolabii ;  fol.  1513. 

2.  Procii  Sphffiram  Comment,  fol.  154. 

3.  Cosmographies  alicjuot  Descriptiones ;  4to,  1537. 
STONE  (Edmund),     a  respectable   mathematician, 

who  was  author  of  several  ingenious  works.  I  know  not 
the  particular  place  or  date  of  his  birth,  but  it  was  pro-  ' 
bably  in  the  shire  of  Argyle,  and  towards  the  conclusion 
of  the  17th  century.  Nor  have  we  any  memoirs  of  his  life, 
except  what  are  contained  in  a  letter  from  the  Chevalier  da 
Ramsay,  author  of  the  Travels  of  Cyrus,  in  a  letter  to 
father  Castel,  a  Jesuit  at  Paris,  and  published  in  the  Me- 
moires  de  Trevoux,  pa.  109,  as  follows :  "  True  genius 
overcomes  all  the  disadvantages  of  birth,  fortune,  and 
education ;  of  which  Mr.  Scone  is  a  rare  example.  Boiu 
a  son  of  a  gardener  of  the  duke  of  Argyle,  he  arrived  at  8  - 
years  of  age  bufore  he  learnt  to  read. —  By  chance  a  ser- 
vant having  taught  young  Stone  the  letters  of  the  alpha- 
bet, th^re  needed  nothing  more  to  discover  and  expand 
his  genius.  He  applied  himself  to  study,  and  he  arrived 
at  the  knowledge  of  the  most  sublime  geometry  and  ana^ 
lysis,  without  a  master,  without  a  conductor,  without  any 
other  guide  but  pure  genius. 

"  At  18  years  of  age  he  had  made  these  considerable 
advances  without  being  known,  and  without  knowing 
himself  the  prodigies  of  his  acquisitions.  The  duke  of 
Argyle,  who  joined  to  his  military  talents  a  general 
knowledge  of  every  science  that  adorns  the  mind  of  a  man 
of  his  rank,  walking  one  day  in  his  garden,  saw  lying  on 
the. grass  a  Latin  copy  of  Sir  Isaac  Newton's  celebrated 
Principia.  He  called  some  one  to  him  to  take  and  carry 
it  back  tQ  liis  library.  Our  young  gardeniT  told  him  that 
the  book  belonged  to  him.  To  you  f  replied  the  Duke. 
Do  you  undci'stand  geometry,  Latin,  Newton?  I  know 
a  little  of  tbcra,  replied  the  yiiung  man  with  an  air  of  sim- 
plicity arising  from  a  profound  ignorance  of  his  own 
knowledge  and  talrnls.  The  Duke  was  surprised;  and 
having  ii  taste  for  the  sciences,  he  entered  into  conversa- 
tion with  the  youns  mathematician:  he  asked  him  se- 
veriil  questions,  end  was  astonished  at  the  force,  the  ac- 
curacy, and  the  candour  of  his  answers.  But  how,  said 
the  Duke,  came  you  by  the  knowledge  of  all  these 
things?  Stone  replied,  A  servant  taught  me,  tfn  yean 
since,  to  read  i  does  one  need  to  know  any  thing  more 
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tiMn  (be  84  lettfri  in  order  to  Itmttt  every  thing  else  that 
one  wnbn^  Th«  Duke's  coriotilyredonbkd^hctat  down 
upon  ft  bank,  and  re<)ue&ted  ■  detail  of  «11  his  proceedinga 
ID  becoming  so  iMrned. 

"  '  I  first  learned  to  read, said  Stone  :  the  niaions  were 
•  UieD  al  nork  upon  your  house :  I  w«nt  near  them  one 
day,  and  I  uw  that  the  architect  tisod  a  rule,  compasses, 
and  that  be  made  calculations,  I  inquired  what  might 
be  the  meaning  of  and  use  of  theie  things;  and  I  was  in- 
formed that  there  wss  a  science  called  Arithmetic  i  I 
purchased  n  book  of  arithmetic,  and  I  learned  it. — [  was 
told  there  was  another  science  called  Geometry  :  I  bought 
the  books,  and  I  learnt  geometry.  By  nading  I  found 
that  there  were  good  books  in  thew  two  sciences  in  Latin : 
I  boughi  i  dictionary,  and  I  learned  Latin.  1  understood 
aim  that  l^ere  were  good  books  of  the  same  kind  in 
French:  I  bought  a  dictionary,  and  I  learned  French. 
And  this,  my  lord,  is  what  I  have  done:  it  seems  to  me 
that  wc  may  learn  every  thing  when  we  know  the  S4  let- 
ten  of  the  alphabet,' 

"  This  account  charmed  the  Duke.  He  drew  this  won- 
derful genius  out  of  his  obscurity  ;  and  he  provided  hira 
with  an  employment  which  left  him  plenty  of  lime  to 
apply  himself  lo  the  sciences.  He  discovered  in  him  also 
the  same  genius  ft>r  music,  for  painting,  for  architecture, 
for  all  the  sciences  which  depend  on  calculations  and 
proponinns. 

"  I  have  seen  Mr.  Stone.  He  is  a  man  of  great  sim- 
plicity. He  is  at  present  sensible  of  bis  own  knowledge ; 
but  he  is  nut  puffed  up  with  it.  He  is  possessed  with  a 
pare  and  disinterested  love  for  the  mathematics ;  though 
be  is  not  solicitous  to  pass  for  a  msthematiciau ;  vanity 
having  no  part  in  the  great  lab.i'ir  he  sustains  to  excel  in 
that  science.  He  despises  fortune  also ;  and  he  has  soli- 
cited me  twenty  times  to  request  the  duke  to  give  him  lest 
employment,  which  may  not  be  worth  the  half  of  that  be 
now  has,  in  order  to  be  more  retired,  and  less  taken  off 
from  his  favourite  studies.  He  discovers  sometimes,  by 
methods  of  his  own,  truths  which  others  have  discovered 
before  him  ;  and  he  is  charmed  to  find  on  these  occasions 
that  he  is  not  a  &rst  inventor,  and  that  others  have  made 
K  greater  progress  Chan  he  thought.  Far  from  being  a 
plagiary,  he  attributes  ingenious  solutions,  which  he  gives 
to  certain  problems,  to  the  hints  he  has  found  in  others, 
although  Ibe  connexion  is  but  very  distant,"  &C. 

Mr.  Stone  was  author  and  translator  of  several  useftil 
works;  vit,  A  New  Mathematical  Dictionary,  in  1  vol. 
Svo,  first  printed  in  1736. 

2.  FluMons,  in  t  vol.  Svo,  1730.  The  Direct  Method 
is  a  translation  from  the  French,  of  Hospital's  Analyse 
das  Iiiliniroents  Petits;  and  the  Inverse  Method  was  sup- 
plied by  Stone  him»e)f, 

3.  The  Elements  of  Euclid,  in  2  vols.  8vo,  1731.  A 
neat  and  useful  edrtiun  of>tbis  work,  with  an  account  of 
the  lite  and  writings  of  Kuclid,  and  a  defeiice  of  his  ele- 
ments against  modern  objectors. 

4.  Dr.  Barrow's  Geometrical  Lectures,  translated  from 
the  I^tin,  1  vol.  Svo,  1735.     , 

Besides  other  smaller  works. 

Stone  was  a  fellow  of  the  Royal  Society,  and  bad 
iBSeited  in  the  P hi los.  Trans,  (vol.  41,  pa.  S18J  in  "  Ac- 
count'of  two  species  of  lines  of  the  3d  order,  not  men- 
tioned by  Sir  Isaac  Newton,  or  Mr.  Stirling." 

Stones,  Meteoric,  ccrtsiin  semi-metallic  masses  which 
iometimes  fall  from  the  atmosphere.     See  Ak&OLITE 


STRABO,  a  celebrated  Greek  gugrapbor,  ^loaopber. 
and  hiitoriau,  was  bora  at  Amasia,  and  was  detcoadsA 
from  a  family  settled  at  Gnossus  in  Crete.  He  was  the 
disciple  of  Xenarchus,  a  Peripaletic  philosopher,  but  at 
length  attached  himself  to  the  Stoics.  He  contracted  a 
strict  friendship  with  ConieliuiGallu9,goveriMr  of  Egypt; 
and  travelled  into  several  countriea,  to  observe  the  tiiua- 
tion  of  places,  and  the  customs  of  nations, 

Strabo  flouiisbed  under  Auguttus{  and  died  underTi- 
bcrius  about  the  year  2b,  at  a  very  advanced  age. — He 
composed  several  works;  all  of  which  are  lost,  except 
his  (Lfeography,  in  17  books;  whicb  are  justly  esteemed 
very  precious  remains  of  antiquity.  The  first  two  books 
are  employed  in  showing,  that  the  study  of  geography  ia 
not  only  worthy  of  a  philosopher,  but  even  necesaaiy  to 
hira  ;  the  3d  describes  Spain  ;  jhe  4th,  Gaul  and  the  Bri- 
tannic isles;  the  jth  and  6ih,  l[aly  and  the  adjacent  isles; 
the  7th,  which  is  imperfect  at  the  end,  Germany,  tha 
countries  of  the  Geta;  and  lllyrii,  Taurica,  Cheraonesus, 
and  Epinis;  the  6th,  9lh,  and  lOth,  Greece  with  the 
neighbouring  isles  ;  the  four  following,  Asia  within  Mount  - 
Taurus;  the  15th  and  l6th,  Asia  without  Taurus,  India, 
Persia,  Syria,  Arabia;  and  the  17lh,  Egypt,  Ethiopia, 
Carthage,  and  other  parts  of  Africa. 

Strabo's  work  was  published  with  a  Latin  version  by 
Xylander,  and  notes  by  Isaac  Casaubon,  at  Paris  l620, 
in  folio;  but  a  belter  edition  is  that' of  Amsterdam  in 
1 707>  in  2  voluni(>s  folio,  by  ibe  learned  Theodore  Junson 
of  Almeloovecn,  with  the  entire  notes  at  Xylander,  C^ 
saubon,  Meursiua,  Clover,  Holsten,  Salmasius,  Bochart, 
Ea.  Spanheim,  Cellar,  and  others.  To  this  edition  is  sub- 
joined  the  Chrestomathie,  or  Epitome  of  Strabo  ;  whictv 
according  lo  Mr.  Doduwell,  who  has  written  a  very  elabo- 
rate and  learned  dissertation  about  it,  was  made  by  some 
unknown  person,  between  the  year*  of  Christ  676  and 
99^-  ft  baa  been  found  of  some  use,  not  only  in  helpii^ 
to  correct  the  original,  but  in  suppVying  in  some  measure 
the  defect  in  the  7tb  book.  Mr.  Dodswell's  dissertation 
is  prefixed  to  this  edition.  An  edition  has  lately  been 
published  at  Oxford. 

STRAIT,  orSTKaiOHT,  or  Stheioht,  in  Hydrogra- 
phy, is  a  narrow  channel  or  arm  of  the  aea,  shut  up  be- 
tween lands  on  cither  side,  and  usually  alfording  a  passage 
out  of  one  gr^at  sea  into  another.  As  the  Straits  of  Ma- 
gellan, of  Le  Maire,  of  Gibraltar.  &c.     ' 

Stkait  is  also  sometimes  used,  in  Geography,  for  an 
isthmus,or  neck  of  land  between  two  seas,preventing  th& 


STRt^NGTH,  vii,  forty,  power.  Some  authon  a^tpoae 
the  strength  of  animals,  of  the  same  kind,  to  depend  on 
the  quantity  of  blood  ;  but  most  on  the  size  of  the  bones, 
joints,  and  muscleit;  though  we  find  by  daily  experience, 
that  the  animal  spiriu  contribute  greatly  to  strength  at 
diferent  timrs. 
,  Emerson  has  most  particularly  treated  of  the  strength 
of  bodies  depending  on  their  dimensions  and  weight.  In 
the  general  scholium  after  his  propositions  on  this  sub- 
ject, .he  adds ;  If  a  certain  beam  of  timber  he  able  to 
support  a  given  weight ;  another  l^cam,  of  the  same  tim- 
ber, similar  to  the  former,  may  be  taken  so  great,  as  to  be 
abl^  but  j  List  to  bear  its  own  weight:  while  any  larger  beam 
cannot  support  itself,  but  must  break  by  its  own  wdght; 
but  any  less  beam  will  bear  something  more.  For  the 
strength  being  as  the  cube  of  the  depth  ;  and  the  stress* 
being  as  the  length  and  quantity  of  matter,  is  as  the  4tli 
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pew«r  of  the  de))lh ;  it  U  plain,, tbeMforet  t^^  '^<^  strett        As  to  the  due  proporlioo  of  stpengiE  !□  w^cnl  bodies, 
HLcnwHs  in  a  greater  ratio  than  the  streogih.     Whence  it     according  to  their  particular  poiitiQns,  ^nd  the  ni'ighta 


follows,  that  a  beam  may  be  taken  so  targe,  that  the 
nay  fur  exceed  the  strength  i^  and  ihat,  of  all  similar 
beams,  there  is  but  one  that  wiUJust  support  Itself,  and  no- 
thing  more.  And  the  like  hotdj  true  'm  kII  inM;hines,and 
in  all  animal  bodies^  And  hence  there  is  a  certain  limit, 
in  regcird  to  magnitude,  nut  only  in  all  machines  and  ar- 
-  tificial  structureSr  but  also  in  natural  ones,  which  nHther 
art  nor  nature  can  gu  beyond;  supposing  them  made  of 
the  same  matter,  and  in  the  same  proportion  of  parts. 

Hence  it  is  impossible  that  mechanic  engines  i 
increased  to  any  magnitude  at  pleasure.     For  wbt 
arrive  at  a  particular  size,  their  several  parts  will  break 
and  fall  asunder  by  their  own  weight.     Neither  can  any 
buildings  of  vast  magnitudes  be  made  to  stand,  but  must 
fall  to  pieces  by  their  great  weight,  and  go  to  ruin. 

It  is  lik«wise  impossible  for  nature  to  produce  animals 
of  any  vast  size  at  pleasure:  except  some  sort  of  toatter 
cau  bo  found,  to  make  the  bones  of,  wliich  may  be  so 
much  harder  aod  stronger  than  any  hitherto  known :  or 
alse  that  the  proportion  of  the  parts  be  so  much  altered, 
and  the  bones  tMid  muscles  mnde  thicker 


they  arc  to  bear ;  he  further  observes  that,  if  a  piece  of 

timber  Is  to  be  pierced  with  a  mortise-hole,  the  beam  wilt 

be  siroager  when  it  is  taken  out  of  the  middle,  ihan  when 

taken  out  of  cither  side.     And  in  a  beam  supported  at 

both  ends,  it  is  stronger  when  the  hole  is  made  in  the 

upper  side  than  when  made  in  the  under,  provided  a  piece 

jther     of  wood  is  driven  hard  in  to  fill  up  the  hole. 

ie  of         If  a  piece  is  to  be  spliced  upon  the  end  of  a  beam,  to 

I.  be  supported  at  both  ends;    it  will  be  the  stronger  when 

n  be     spliced  on  the  undei-  side  of  a  beam  ;  but  if  tbt  piece  is 

they     supported  only  at  one  end,  to  bear  a  weight  on  the  other ; 

it  is  stronger  when  spliced  on  the  upper  side. 

When  a  small  lever,  &c,  is  nailed  to  a  body,  to  move 
it  or  suspend  it  by ;  the  strain  is  greater  upon  the  nail 
nearest  the  band,  or  point  where  the  pov  cr  is  applied. 

If  a  beam  be  supported  at  both  ends ;  and  the  two  ends- 
reach  over  the  proj>s,  and  be  fixed  down  immoveahlei  it 
will  bear  twice  at  much  weight,  as  when  the  ends  only  U« 
loose  or  free  upon  the  supporters. 

When  a  slender  cylinder  is  to  be  s 
pieces;  the  distance  of  the  pins 


iUppoTled  by  two 

to  be  ni'arly  }  o(- 

is  c<|uidistant  from 

:ndure  the  least 


1  prnportii 
which  will  make  the  animal  distorted,  and  of  a  muustrous  the  length  of  the  cylinder,  aud  the  pi 
£gure,  and  not  capable  of  performing  any  proper  actions,  its  ends;  and  then  the  cylinder  will 
And  being  raade  similar  and  of  common  matter,  they  w>U  bending  or  strain  by  its  weight, 
sot  be  able  to  stand  or  move  ;  but,  U'i^ig  burthened  with  The  strength  of  a  beam  or  bar,  to  resist  a  fracture  by 
their  owa  weight,  must  fall  down.  Thus,  it  ii  impowble  a  force  acting  laterally,  is  s,$  a  solid,  made  by  a  section 
that  there  can  be  any  animal  so  large  as  to  carry  a  castle  of  the  beam  in  the  place  where  the  force  is  applied,  into 
Bpon  bis  back  ;  or  any  nan  so  strong  as  to  remove  a  the  distance  of  its  centre  of  gravity,  from  the  point  oi  line 
r  pull  up  a  large  oak  by  the  roon  :  nature  will     where  the  breach  will  end. 

In  square  beams,  the  lateral  strengths  are  as  the  cubes 
of  the  breadths  or  depths ;  and  in  cylindrical  beams,  the 
strengths  are  as  the  cubes  of  the  diameters ;  tlie  same  is 
also  true  of  all  beams  whose  sections  are  sioxilar  figures,, 
that  is,  the  strengths  are  as  the  cubes  of  the  coirespood- 


not  admit  of  these  things ;  aud  it  is  impossible  that  there 
ean  be  animnls  of  any  sort  beyond  a  determinate  siae. 

Fish  may  indeed  he  produced  to  a  larger  size  than  land 
animals  >  because  their  weight  is  supported  by  the  water. 
But  yet  even  these  cannot  be  increased  to  immensity,  be- 
cause the  internal  pnr.ts  will  press  upon  one  another  by     ing  dimensions. 


dieir  weight,  and  destroy  their  fabric. 
On  the  contrary,  when  the  sixe  of  ai 
ed,  their  strength  is  not  diminished  in 
tion  as  the  weight.  For  which  reason 
carry  far  more  than  a  weight  equal  ti 
great  one  cannot  carry  so  much  as 


bence  it  is  that  small  enimala 
faster,  jump  farther,  or  perforn 


their  weight,  than  large  animals :  for  the  less  the  asi 
the  greater  the  proportion  of  the  strength  to  the  stress. 
And  Datura  seems  to  kttow  no  bound*  as  to  the  smatlness 
'of  animals,  at  least  in  regard  to  their  weight. 

Neither  can  any  two  unequal  and  similar  machines  re- 
sist ayy  violence  alike,  or  iikthe  Mme  proportion ;  but  the 
greater  will  be  more  hurt  than  the  less.     And  the 


In  rectangular  beams  the'Iateral  strengths  are  conjointlji 
imals  is  diminish-  as  the  breadths  and  squares  of  the  depths.  Hence  the 
the  same  propor-  lateral  strength  of  a  beam  with  its  narrower  face  upwards, 
.  small  animal  will  is  to  its  streaglh  with  its  broader  fkcc  upwards,  as  tbi 
its  own,  while  a  breadth  of  the  broader  face  to  the  narrower  one. 
its  weight.  And  The  lateral  strengths  of  prismatic  beaais  of  the  same 
the  areas  of  the  sections  and  the  dis-- 
if  gravity,  directly,  and  as  their 


more  active,  will  rua     materials, 
any  motion  quicker,  for    tanccs  of  theii 


lengths  and  weights,  inversely.  This  is  true  whether  the 
beams  be  both  supported  at  one  end  or  at  both ;  and  in- 
the  latter  case,  a  beam  of  any  length  is  eqaal  in  strength 
to  another  of  the  same  breadth  and  depth  and  of  only 
half  the  length,  when  supported  at  one  end. 

The  lateral  strengths  of  two  cylinders  (of  the  some 
matter)  of  equal  weight  and  length,  one  of  which  is  hol- 


trueof  animals;  for  large  animals  by  ^ling  break  their  low  and  the  other  solid,  are  to  each  ether  as  the  diameters 

bones,  while  lesser  ones,  falling  higher,  receive  no  damage,  of  iheir  ends. — The  lateral  strengths  of  tubes  and  solid'' 

Thus  a  cat  may  fall  two  or  threo  yards  high,  and  be  no  cylinders  of  equal  length  and  similar  materials, «Te  at  the 

worse,  and  an  ant  from  [he  top  of  a  tower.  areaa  of  their  ends  and  their  diameters  coi\}ointly. 

It  is  likewise  impossible  in  the  nature  of  things,  that        The  stronge&l  rectangular  beam  which  can  he  cut  out 

there  can  be  any;  trees  of  immense  sia»;  if  there  were  any  of  a  given  cylinder,  is  that  of  which  the  squares  of  the 

such,  their  limbs,  boughs,  and  branches,  mnst  break  off  breadth  and  depth,  and  the  square  of  the  cylinder's  dig' 

ftnd  fall  down  by  their  own  weight.     Thus  it  is  impossible  meter,  are  respectively  as  the  munbers   1,  3,  and  3.^ 

there  can  be  an  oak  a  quarter  of  a  mile  high ;  such  a  When  a  ttiangulaJ-  beam  it  supported  at  both  ends,  its 

tree  cannot  grow  or  stand,  but  its  branches  will  dropoff  strength    when   the  edge  of  the  beam  is  uppermost,   is 

by  their  own  weight^     And  hence  also  smaller  plaDte  can  to  the  strength  wben  the  other  side  it  ajpftcrmoat,  a>' . 

better  sustaiD  dmMclves  than  la^  ones.  3-  to  U 
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A  twain  fixed  at  one  end,  and 
boaring  a  weight  at  the  other;  il 
it  be  cut  in  the  form  of  a  wedge, 
and  placed  with  ita  parallel  sidet 
parallel  to  the  horizon  ;  it  will  be 
equally  strong  every  where 
no  sooner  break  in  one  place  t 

When  a  beam  has  all  its  sides  cut 
cave  parabola,  having  the  vertex  at 
the  end,  and  its  abscisa  perpendicu- 
lar to  the  axis  of  the  solid,  and  the 
base  a  square,  or  a  circle,  or  any 
regular  polygon  ;  such  a  beam  fixed 
horizontally,  at  one  end,  is  equdlly 
itrong  throughout  for  supporting  its 

If  a  beam  be  placed  huri- 
soDtally  with  one  end  fixed  to 
B  wall,  and  a  weight  be  hung  at 
the  other,  then  if  its  breadth  be 
the  same  throughout,  it  will  be 
equally  strong  in  all  parts,  when 
the  vertical  sides  are  in  the  form 
of  a  parabola. 

Moreover,  if  ae  be  a  beam 
prism;  and  if  ad  =  ^ab,  and  aI 
=  ^AC,  and  ibc  edge  or  amail  si- 
milar pristn  ADiF  be  cut  awuy  pa- 
rallt'l  to  the  base;  tbe  remaining 
beani  dibef  will  bear  a  greater 
weight  T,  than  the  whole  abceg, 
or  the  part  will  be  stronger  than  the 
whole;  which  is  a  paradox  in  Mechanics. 

Also  when  a  wall  faces  the  wind,  and  If  the  TcrtJcal 
■ection  of  it  be  a  right-angled  triangle ;  or  if  the  fore 
part  next  tbe  wind  &c  be  perpendicular  to  the  horizon, 
And  the  back  part  a  sloping  plane  ;  such  a  wall  will  be 
equally  strong  in  all  its  parts  to  resist  tbe  wind,  if  the 
parts  of  the  wall  cohere  strongly  together;  but  when  it 
is  built  of  loose  materials,  it  is  better  to  be  convex  on  the 
back  part  in  form  of  a  parabola. 

When  a  wall  is  to  support  a  banli  of  earth  or  any  fluid 
body,  it  ought  to  be  built  concave  in  form  of  a  scmlcubl- 
cal  parabola,  whose  vertex  is  at  the  top  of  the  wall,  pro- 
vided the  parts  of  the  wall  adhere  firmly  together.  But 
if  the  parts  be  loose,  then  a  right  line  or  sloping  plane 
ought  to  be  its  figure.  Such  walls  will  be  equnlly  strong 
throughout. 

All  spires  of  churches  in  the  form  of  cones  or  pyra- 
mids, are  equally  strong  in  all  parts  to  resist  the  wind. 
But  when  the  parts  do  not  cohere  together,  then  they 
ought  to  be  parabolic  conoids,  to  be  equally  strong  througb- 


t    *64    ] 


3T  R 


Likewise  if  there  be  a  pillar  erected  in  form  of  the  lo- 
garithmic curve,  the  asymptote  being  tbu  axis ;  it  can- 
not be  crushed  to  pieces  in  one  part  sooner  than  in  ano- 
ther, by  its  own  weight.  And  if  such  a,  pillar  be  turned 
upside  down,  and  suspended  by  (he  thick  end,  it 
be  more  liable  to  separate  in  one  part  than  anothi 
own  weiriit. 

As  to  the  strength  of  several  sorts  of  wood,  drawnfrom  ex- 
periments, Mr.E.says.Ona  medium,  a  piece  of  good  oak, 
an  inch  square,  and  a  yard  long,  supported  at  both  ends, 
will  bear  in  the  middle,  for  a  very  short  time,  about  330lb 
avoirdupois,  but  will  break  with  more  than  that  weight. 


But  such  a  piece  of  wood  should  not,  io  practice,  be 

trust.d  for  any  length  of  time,  with  more  than  a  third  or 

a  fourth  part  of  that  weight.     And  the  pioporrion  of  the 

;th  ol  several  sorts  of  wood,  he  found  to  be  as  fol- 


Box.oak,  plumtrce,  yew  -     •     . 

Ash,  elm 

Thorn,  walnut    ------ 

Apple  tree,  elder,  red  fir,  holly,  plane 
Beech,  cherry,  ha^le     -     .     .     - 
Alder,  asp,  birch,  white-fir,  willow 
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Lead  .--.-., 
Fine  free  stone   ---..-  i 

J  the  strength  of  bodies  in  direction  of  the  fibres,  he 
s,  A  cylitidrie  rod  of  good  clean  fir,  of  an  inch  cir- 
cumference, drawn  in  tcnph,  will  bear  at  extremity 
400lb;  and  a  spi-ar  of  fir  2  inches  diameter,  will  bear 
about  7  ton— A  rod  of  good  iron,  of  an  inch  cireumfd- 
ence,  will  bear  near  3  ton  weight.  And  a  pnod  hempen 
rope  of  an  inch  circumference,  will  bear  lOOOlb.  at  ex- 
tremity. 

M\  this  supposes  these  bodies  to  be  sound  and  good 
throughout;  but  none  of  them  should  be  put  to  bear  more 
than  a  third  or  a  fijurth  part uf  that  weight,  especially  for 
any  length  of  time.  From  what  has  been  said;  if  a  spear 
of  fir,  ur  a  rrpe,  or  a  spear  of  iron,  of  ^  inches  diameter, 
were  to  lift  J  the  extreme  weight ;  then 

The  fir  would  bear  &^dd  hundred  weight. 

The  rope  would  bear  '2tdd  hundred  weight. 

Theiron  would  \K»t6idd  ton  weight. 

See  on  this  subject  Gregory's  Mechanics,  vol.1,  pa.  104, 
and  following :  as  also  Emerson  on  the  same  subject  in 
his  +to  edition.     Also  my  Course  of  Mathematics,  vol.  2. 

As  to  animals;  men  may  apply  ihcir  strength  several 
ways,  in  working  a  machine.  A  man  of  ordinary  strength 
turning  a  roller  by  the  handle,  can  act  for  a  whole  day 
against  a  resistance  equal  to  30lb.  weight ;  and  if  he  works 
10  hout^  a  day,  he  will  raise  a  weight  of  30lb.  through 
3{  feci  in  a  second  of  time ;  or  if  the  weight  be  greater, 
he  will  raise  it  so  much  less  in  proportiun.  But  a  men 
may  act,  for  a  small  time,  against  a  resistance  of  501b.  or 

If  two  men  work  at  a  windlass,  or  roller,  they  can  more 
easily  draw  up  70lb,  than  one  man  can  301  b,  provided  tbe 
elbow  of  one  of  tbe  handles  be  at  right  angles  to  that  of 
the  otiier.  And  with  a  fly,  or  henry  wheel,  applied  to  it, 
a  man  may  do  |  part  more  work ;  and  for  a  little  while  be 
can  act  with  a  furce,  or  overcome  a  cnntijiual  rcsi|^dnce, 
of  801b  ;  and  work  a  whole  day  when  the  resistance  is  but 
40lb. — Men  used  to  bear  loads,  auch  as  porters,  will  carry, 
some  1501b,  others  200  or  S50lb,  according  to  their 
strength; — A  man  can  draw  but  about  70or  SOlb.  horizon- 
tally;  for  he  can  but  apply  about  half  his  weight. — If  the 
11  not  weight  of  a  man  be  1401b,  he  can  act  with  no  greater  a 
by  its  force  in  thrusting  horizontally,  at  the  h^ght  of  his  shoul- 
ders, than  37lb. 

As  to  horses  ;  a  horse  is,  generally  speaking,  as  strong 
as  5  men.  A  horse  will  carry  240  or  270lb.  A  horse 
draws  to  greatest  adrantage,  when  the  line  of  direction  is 
a  little  elevated  above  the  horizon,  and  the  power  acts 
agaiusl  his  breast :  and  he  can  draw  SOOlb.  for  8  hums  k 
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day,  ol  2i  mites  ill  hour.  If  he  Jr3w240lb,  lie  can  work 
but  6' hours,  Bill)  nut  go  quileso  fast.  And  in  both  cases, 
if  he  carrit's  some  weight,  he  will  draw  the  better  for  it. 
And  this  is  the  weight  a  horse  is  supposed  to  be  able  to 
dmw  over  a  pulley  out  of  a  well.  But  in  a  cart,  a  horse 
may  draw  10001b,  or  even  double  that  weigbl,  or  a  ton 

As  the  most  force  a  boree  can  exert,  is  when'  he  draws 
s  little  above  the  horizontal  position:  so  the  worst  wuy  of 
applying  the  strength  of  a  horse,  is  to  make  him  carry  or 
draw  upliill  :  And  three  men  in  a  steep  hill,  carrying  each 
lOOlb,  iviir  climb  up  faster  than  a  horse  with  300lb.  Also, 
though  a  horse  may  draw  in  a  round  walk  of  18  feet  dia- 
meter; yet  such  a  walk  should  not  be  less  than  25  or  30 
feet  diameter.     Emerson's  Mechan.  pa.  1 1 1  and  177. 

For  more  on  this  subject,  see  Girard's  treatise  on  the 
Resistance  of  Solids ;  Gregory's  Mechanics,  vol.  1 ;  my 
Course  of  Mnthcmalics,  vol.  3,  &c. 

STRESS,  iu  Mechanics,  a  f^imiliar  term  used  to  denote 
the  load,  weight,  or  force,  which  a  bar  or  beam  has  to 
sustain;  being  as  the  diiti-ea  or  oppression  which  it  has 
to  sustain  and  support ;  whelher  arising  from  its  own 
weight,  or  from  any  adventitioUB  load  or  force  whatever. 
This  is  commonly  treated  of  in  conjunction  with  the 
strength,  as  in  the  preceding  article;  or  as  in  the  Mecha- 
nics of  Emerson  or  of  Gregory,  or  iu  my  Course  of  Ma* 


the 


I,  &c. 


STRIKE,  or  Strike,  a  measure,  containing  4  bushels, 
or  half  a(|uartcr, 

STRIKI  NG-wAee/,  in  a  clock,  the  same  as  that  by  some 
called  the  pin-wheel,  because  of  the  pins  which  are  placed 
on  the  round  or  rim,  the  number  of  which  is  the'  quotient 
of  the  pinion  divideil  by  the  pinion  of  the  detent-wheel. 
In  sixteen-day  clocks,  the  lirst  or  great  wheel  is  usually 
the  pin-wheel;  but  in  such  as  go  8  days,  the  second  wheel 
U  the  pin-wheel,  or  striking- wheel. 

STRING,  in  Music.  Sec  CHoau.— If  two  strings  or 
chords  of  a  musical  instrument  only  differ  in  length ;  their 
tones,  or  the  number  of  vibrations  they  make  in  the  same 
lime,  are  in  the  inverse  ratio  of  their  lengths.  Ifthey  dif- 
fer only  in  thickness,  their  tones  are  in  thcinverse  ratio  of 
their  diameters. 

As  to  the  tension  of  strings,  to  measure  it  regularly, 
they  must  be  conceived  stretched  or  drawn  by  weights  ; 
and  then,  cxteris  paribus,  the  looes  of  two  strings  are  in  a 
direct  ratio  of  the  square  roots  of  the  weights  that  stretch 
them;  that  is,  ex.  gr.  the  tone  of  a  string  stretched  by  a 
weight  4,  is  au  octave  above  the  tone  of  a  string  stretched 
by  the  weight  t.       ' 

It  is  an  observation  of  very  old  standing,  that  if  a  viol 
or  lutr-string  be  touched  with  the  bow,  or  the  hand,  ano- 
ther string  on  the  same  instrument,  or  even  on  another,  not 
far  from  it,  if  in  unison  with  it,  or  in  octave,  or  the  like, 
will  at  the  same  time  tremble  of  itself.  But  it  is  now 
found,  that  it  is  not  the  whole  of  that  other  string  that 
thus  trembles,  but  only  the  parts,  severally,  according  a* 
they  are  unisons  to  the  whole,  or  the  parts,  of  the  string 
so  struck.     Thus,  supposing 

ABto  beanupperoctuve to  a'',  a \ — • B 

and  therefore  an  unison  to  each  -a—' — .—— —  .  b 

half  of  it,  stopped  at  c;    if  1  '         ' 

while  ab  is  open,  a  b  be  struck , 

the  two  halves  of  this  other,  that  is,  ac,  and  cb,  will  both 
ircmblc ;  but  the  middle  point  will  be  at  rest;  as  will  be 
easily  perceived,  by  wrapping  a  Lit  of  paper )ightly  about 
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the  string  ab,  and  moving  it  successively  from  one  eikd  of 
the  siring  to  the  other.  In  like  manner,  if  ab  were  an 
upper  I2lh  lo  ab,  and  consequently  an  unison  to  its  three 
parts  ad,  de,  eb  ;  then,  ab  being  open,  if  ab  be  struck,  the 
three  parts  of  ihc  other,  ad,  de,  eb  will  severally  tremble; 
but  the  points  d  and  e  remain  at  rest. 

This,  Dr.Wallis  tells  us,  was  £rsl  discovered  by  Mr. 
William  Noble  of  Merton  college;  and  after  him  by  Mi. 
T.  Pigcit  of  Wadham  college,  without  knowing  that  Mv. 
Noble  had  observed  it  before.  To  which  may  be  added, 
that  M .  Sauveur,  long  afterwards,  proposed  it  to  the  Royal 
Academy  at  Paris,  as  his  own  discovery,' which  in  reality 
it  might  be  ;  but  upon  his  being  informed,  by  some  of  the 
members  then  present,  that  Dr.Wullis  had  published  it 
before,  he  immediately  resigned  all  the  honour  of  it. 
Philoa.  Tratis. 

STURM,  or  Stuhuiuh  (Joum  Curistdfuzk),  a  ce- 
lebrated mathematician  and  philosopher,  was  bom  at  Hip- 
polstein,  IQ35,  where  aUo  be  died  in  1703.  He  was  first 
minister  of  a  church  in  Germany  during  5 years;  and 
then  became  professor  of  mathematics  and  natural  philo- 
sophy, at  Altdorf  in  Germany.  He  exerted  himself 
greatly  in  the  cause  of  literature,  and  was  very  useful,  by 
his  li-ctures  and  otherwise,  in  explaining  and  diffusing  the. 
knowledge  and  discoveries  made  in  that  remarkable  age,  > 
the  17th  century;  as  manifest  by  all  his  writings. — He. 
was  author  of  several  useful  works,  on  the  msithematics 
aiid  philosophy,  the  most  esteemed  of  which  are,  I,  his 
Mathesis  Enucleata,  in  one  vol.  Svo  ;  2.  MaLhesis  Juve- 
nilis, in  2  large  volumes  Svo;  3.  A  large  collection  of 
letters  to  Or.  Henry  More,  of  Cambridge,  on  the  contro- 
versy concerning  the  weight  and  spring  of  the  air;  4'> 
Sturm  published  also  a  German  translation  of  Archi- 
medes. 5.  But  his  most  considerable  work  was,  the  Colle- 
gium ExperimentalesivcCuriosum,  in  quo  primariahujus 
seculi  Invenla  et  Hxperimenta  Physico-Matheraatica,  an. 
1673,  quibusdam  naturte  demonstrativa  &c,  Norimb.  an. 
I676,  in  4to. — In  1684  the  author  gave  a  second,  and 
much  larger  part,  of  the  like  collection  of  discoveries, 
made  till  that  era ;  with  an  appendix  of  further  additions 
and  explanations  to  the  particulars  in  the  first  part.  Edi- 
tions of  these  two  parts,  and  of  the  letters  to  Dr.  More, 
were  also  printed  in  1701  and  1715,  together  with  several 
appendixes,  the  whojc  being  usually  bound  in  one  large 
volume  in  4to. 

This  is  a  very  curious  work,  containing  a  multitude  of 
interesting  experiments,  neatly  illustrated  by  copper-plate 
figures  printed  upon  almost  every  page,  by  the  side  of  the 
letter-press.  Of  these,  the  lOth  experiment  is  an  improve- 
ment on  father  Lana's  project  for  navigating  a  small  ves- 
sel suspended  in  theatmosphere  by  several  globes  exhaust- 
ed of  air.  But  a  more  particular  and  satislactorj-  account 
of  this  work  may  be  seen  in  the  Philos.  Trans,  vol.  10, 
pa. 505,  or  in  my  Abridgment,  vol.  2,  pa. 265. 

STYLE,  in  Chronology,  a  particular  manner  of  count- 
ing time;  as  the  old  style,  the  new  style.  See  Calen- 
dar. 

Old  Style,  is  the  Julian  manner  of  computing,  as  in- 
stituted by  Julius  Ctesar,  in  which  the  mean  year  consiMs 
of  365i  days. 

New  Style,  is  the  Gregorian  manner  of  computation, 
instituted  by  pope  Gregory  the  13th,  in  the  year  J582, 
and  is  used  by  roost  catholic  countries,  and  many  other 
states  of  Europe.  The  Gregorian,  or  new  style,  agrees 
with  the  true  solar  year,  which  contains  only  365  days  5 
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IioDre49niinutM.  la  IheyearofChrist  200,  there  vai  no 
difference  of  vtyln.  In  the  year  1583,  wben  the  Dew 
•tyle  was  fint  lotrMluced,  there  was  a  difierenceof  10 
days.  At  prment  there  is  12  days  difforence.  At  the 
diet  of  Ratisbon,  in  the  year  1700,  it  was  decreed  by  the 
body  of  pmtestaiiU  of  the  empire,  ihat  1 1  days  should  be 
letreoched  fruiD  the  old  style,  to  accommadkte  it  for  the 
future  to  the  new;  and  another  day  having  been  retrench- 
ed iu  the  year  1800,  it  make*  the  difference  of  Vi  days, 
■•  above  stated.  The  same  regulation  has  since  passed  tnia 
Sweden,  Denmark,  and  into  £ngland,  where  it  was  esta- 
blished ill  the  year  1752,  when  it  was  enacted,'  that  in  all 
dominions  belonging  tu  the  crown  of  Great -Britain,  the 
BUpputation,  according  to  which  the  year  of  our  Lord  be- 
f(ins  on  the  35  th  day  of  March,  shall  not  be  used  from  and 
after  the  last  day  of  Decemher  1751 1  and  that  from  thence- 
forth, the  1st  day  of  January  every  jearshall  be  reckoned 
to  be  the  first  d:iy  of  the  year  :  and  that  the  natural  day 
next  immediately  following,  the  2d  day  of  September  1752, 
■hall  be  accounted  the  14th  day  of  September,  omitting 
the  1 1  intermediate  nominal  days  of  the  common  calendar. 
It  is  further  enacted,  that  all  kinds  of  writings,  &c,  shall 
bear  date  according  to  the  new  method  of  computation, 
and  ihiLt  all  courts  and  meetings  &c,  feasts,  fasts.  Sic, 
shall  be  held  and  observed  accordingly.  And  -for  pre- 
•erving  the  calendar  in  the  same  regular  course  for  the 
future,  it  is  enacted,  that  the  several  years  of  our  Lord- 
1800,  lyOO,  2100,  2200,  2300,  &c,  except  only  every 
400th  year,  of  which  theyeitr'^OOO  shall  be  the  firbl,  shall 
be  common  years  of  363  days,  and  lhat  the  years  2000, 
2400,  3800,  &c,  and  every  other  400th  year  from  the  year 
aOOOinclusive,  shall  be  leap  years,  consisting  of  366  days. 
See  Bissextile  and  Calendar. 

The  following  table  shows  by  what  number  of  days  the 
new  style  differs  from  the  old,  from  5900  years  before  the 
birth  of  Christ,  to  590O  years  after  it.  The  days  under 
the  sign  —  (vii  from  6000  years  before  to  200  years  after 
Chrbt)  are  to  be  flulnracted  from  the  old  style,  to  reduce 
it  Iu  the  new  ;  and  the  days  under  the  sign  -t-  (viz  from 
SOO  to  5900  years  after  Christ)  are  to  be  added  to  the  old 
style,  to  reduce  it  to  the  new. — All  the  years  mentioned  in 
the  table  are  leap  years  in  the  old  style  ;  but  those  only 
that  are  marked  with  an  l  arc  lettp  years  in  the  new. 
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L40y0 

32 

1900 

IS 

39i>0 

31 

L2000 

13 

3800 

30 

2100 

14 

3700 

29 

2200 

15 

L360O 

29 

2300 

16 

3500 

28 

LS400 

16 

3400 

27 

2500 

17 

3300 

2fi 

3600 

18 

L  3200 

26 

2700 

■9 

3100 

25 

LS800 

19 

3000      ■ 

24 

2900 

20 

2900 

23 

3000 

21 

L  3800 

23 

3100 

22 

2700 

22 

L3200 

22 

2600 

21 

3300 

23 

2500 

20 

3100 

24 

L2400 

20 

3500 

25 

2300 

19 

L  3600 

25 

2200 

18 

3700 

36 

2100 

17 

3600 

27 

L3000 

17 

3900 

28 

1900 

16 

L4000 

28 

1800 

15 

4100 

29 

1700 

14 

4200 

30 

L16OO 

14 

4300 

31 

1500 

13 

L4400 

31 

14O0 

12 

4500 

32 

1300 

11 

4600 

33 

L1200 

11 

4700 

34 

iioo  , 

10 

L4800 

34 

1000 

9 

4900 

35 

900 

8 

5000 

36 

L    800 

8 

5100 

37 

700 

7 

L5200 

37 

600 

6 

5300 

38 

500 

5 

5400 

39 

L    400 

5 

5500 

.   40 

300 

4 

L56OO 

40 

200 

3 

5700 

41 

100 

S 

5800 

42 
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2 

5900 

43 

The  French  nation,  during  the  revolution  in  the  year 
1792,  commenced  another  new  style,  or  computation  of 
time  ;  according  to  which,  the  year  commenced  usually 
on  our  23d  of  September,  Tiieyiar  is  divided  into  I2 
months  of  30  days  each  ;  and  each  month  into  3  dtcades 
of  10  days  each.  For  the  names  and  computations  of 
which,  see  the  article  Calendar. — They  have  lately 
however  returned  to  the  former  general  way  of  coniitiiig 

Style,  in  Dialling,  denotes  the  cock  or  gnomon, 
raised  above  the  plane  of  the  dial,  to  project  a  shadow. 
—The  edge  of  the  style,  which  by  its  e.Ij;li!ow  marks 
the  hours  on  the  face  of  the  dial,  is  to  be  set  accord- 
ing to  (he  latitude,  alvap  parallel  to  the  axis  of  the 

[  STVLOBATA,  or  Sttlobaton,  in  Architecture,  the 
same  with  the  pedestal  of  a  column.  It  is  sometimes 
taken  for  the  trunk  of  the  pedestal, 'between  the  c6rnicc 
and  the  base,  and  is  then  called  truncus.  It  is  also  other- 
wise named  abacus. 
SUBCONTRARY  position,  in  Geometry,  is  when  tw»  , 
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equiangular  triangles,  aa  vab  and 
vcn  are  so  placed  'as  to  have  one 
cominun  angle  v  at  the  vertex, 
and  yet  their  bases  not  parallel. 
CoRsequcnily  the  angles  at  the 
bases  arc  equal,  but  on  the  con- 
trary sides;  viz,  the  ^A  ^  ^c, 
and  the  Z.B  =  ^D. 

If  ^e  oblique  cone  V  A  H  or  Tat, 
having  the  circular  base  aeb,  or 
aeb,  be  so  cut  by  a  plane  seCj 
that  the  angle  i>  be  =  the  ^B, 
the  cone  is 
irary  posit io 
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the  ^c  13  Z.A,  then 
to  be  cut,  by  this  plane,  in  asubcon- 
the  base  aeb,  Or  aeb;  and  in  this  case 
is  always  a  circle,  as  well  as  the  base 


SUBDUCTION,  in  Arith.  the  same  as  Subtraction. 

SUBDUPLE  Ratio,  is  when  any  number  or  quantity 
is  the  half  of  another,  or  contained  twice  in  it.  Thus, 
3  is  said  to  be  subdublo  of  6,  as  3  is  the  half  of  6,  or  is 
twice  contained  in  it. 

SUBDUPLICATCfioiio,  of  any  two  quantities,  is  the 
ratio  of  their  square  roots,  being  the  opposite  to  duplicate 
ratio,  which  is  the  ratio  of  the  squares.  Thus,  of  the 
quantities,  a  and  b,  the  subdupUcate  ratio  is  that  of  ^a  to 
,/b  or  a^  to  6*,  as  the  duplicate  ratio  is  that  of  o'  to  6". 

SUBLIME  Geometry,  the  higher  geometry,  or  that  of 
curve  lines.     See  Geouetry. 

SUBLUNARY,  is  s^d  of  all  things  below  the  moon; 
as  all  things  on  the  earth,  or  in  its  atmosphere,  &c. 

SUBMULTiPLE,  the  contrary  of  a  multiple,  being  a 
number  or  quantity  which  is  contained  exactly  a  certain 
number  of  times  iu  another  of  the  same  kind  ;  or  it  is  the 
same  as  an  aliquot  part  of  it.  Thus,  3  is  a  submultiple  of 
SI ,  or  an  aliquot  part  of  it,  because  21  is  a  multiple  of  3. 
.  Submultiple  Ratio,  is  the  ratio  of  a  submultiple  or 
aliquot  part,  to  its  multiple;  as  the  ratio  of  3  to  21. 

SUBNORMAL,  inGeoraetry,  is  the  subperpendicular 
AC,  or  line  under  the  perpendicular  to  the  curve  bc,  a 
term  used  in  curve  lines  to  denote  the  distance  ac  in  the 
axis,' between  the  ordinate  ab,  and  the  perpendicular 
BC  to  the  curve  or  to  the  tangent. 
And  the  said  perpendicular  bc  is 
the  normal.— In  all  curves,  thesub-  ^^, 

normal  ac  is  a  3d  proportional  to       j^ / 
the  subtangentTA  and  the  ordinate  ,T~v       rt.    l 
AB ;  and  in  the  parabola,  it  is  equal  to  balf  the  parameter 
of  the  axis. 

SUBSTrnTTlON,  in  Algebra,  is  the  putting  and 
using,  in  an  equation,  one  quantity  instead  of  another 
which  is  equal  to  it,  but  expressed  after  another  manner. 
See  Reduction  of  Equations. . 

SUBSTILE,  orSuBSTTLE,  in  Dialling,  a  right  line 
upon  which  the  stile  or  gnomon  of  a  dial  is  erected,  being 
the  common  section  of  the  face  of  the  dial  and  a  plane 
perpendicular  to  ii  passing  through  the  stile.— The  angle 
incladed  between  this  line  and  the  stile,  b  called  the  ele- 
vation or  height  of  the  stile. 

In'polar,  horizontal,  meridional,  and  northern  dials, 
the  EUbstilar  line  is  the  meridional  line,  or  line  of  12 
o'clock  ;  or  the  intcrsecCiun  of  the  plane  of  the  dial  with 
that  of  the  meridian. — In  all  dtfclining  dials,  (he  substile 
makes  an  angle  with  the  hour  line  uf  12,  and  this  angle 
b  called  the  distance  of  the  substile  from  the  meridian.— 


In  easterly  and  westerly  dials,  the  substilsr  line  is  the  line 
otG  o'clock,  or  the  intersection  of  the  dial  plane  with 
the  prime  vertical. 

SUBTANGENT  <!fa  CWw,  is  the  line  ta  in  the  axis 
below  the  tangent  tb,  or  limited  between  the  tangent  and 
ordinate  to  the  point  of  contact.     (Seethe  last  figure 
above.] — The  tangent,  subtangent,   and  ordinate,  make' 
a  right-angled  triangle. 

In  all  parabolic  and  hyperbolic  Ggnrcs,  the  subtangent  m 
equal  to  the  absciss  multiplied  by  the  exponent  of  the  power 
of  Che  ordinate  in  the  equation  of  the  curve.  Thus,  in  the 
common  parabola,  whose  property  or  equation  is  pz  ^^t 
the  subtangent  is  equal  to  27,  double  the  absciss.  And 
if oi'  =y,  orpr  =^  ,  then  the  subtangent  is  =  jjr. 

Al^oifaT   ooy        ,oTpx=sy ,  the  sublan.is^— j;. 

See  Melkod  a/TAVcxNTS. 

SUBTENSF,  in  Geometry,  of  an  arc,  is  the  same  as 
the  chord  of  the  arc ;  but  of  an  angle,  it  is  a  line  drawn 
across  from  the  one  leg  of  the  angle  to  the  other,  or  be- 
tween the  two  extremes  of  the  arc  that  measures  the  angle. 
SUBTRACTION,' or  Substbaction,  in  Arithmetic, 
is  the  taking  of  one  number  or  quantity  from  another,  to 
find  the  remainder,  or  difference  between  them  ;  and  is 
usually  made  the  second  rule  in  arithmetic.  The  greater- 
number  or  quantity  is  called  the  minuend,  the  less  is  ihe 
subtrahend,  and  the  remainder  is  the  difference.  Also 
the  sign  of  subtraction  is  — ,  or  minus. 

SuBTRACTion  qf  Whole  Numbers,   is  performed    by 
setting  the  less  number  below  the  greater,  as  in  addition, 
units  under  units,  tens  under  tens,  &c ;  and  then,  pro- 
ceeding from  the  right  hand  towards  the  left,  subtract  or 
lake  each  lower  figure  from  that  above  it,  and  set  down 
the  several  remainders  or  diffl'rences  underneath;  and  these 
will  compose  the  whole  remainder  or  difference  of  the  two 
given  numbefs.     But  when  any  one  of  the  figures  of  the 
under  number  is  greater  than  that  of  the  upper,  from 
which  it  islo  be  taken,  you  must  add  10  (in  your  mind) 
to  that  up[>er  figure,  then  take  the  under  one  from  this 
sum,  and  set  the  difference  underneath,  carrying  or  add- 
ing 1  to  the  next  under  figure  to  he  subtracted.     Thusj 
for  example,  to  subtract  2904881  from  37409732 
Minuend        37409732 
Subtrahend       2904831 
Difference       34504911 
Prorf  37409732 

To  prove  Subtraction  :  Add  the  remainder  or  difference 
to  tde  less  number,  and  the  sum  will  be  equal  to  the 
greater  when  the  work  is  right. 

Subtraction  qfDecimaU,  h  performed  in  the  same 
manner  as  in  whole  numbers,  by  observing  only  to  set 
the  figures  or  places  of  the  same  kind  under  each  other. 
Thus: 

From  35104         -479  27 

Take  '7271         '0573  0-936 

Rem.  Diif,  27S33  '4217  26o64 
To  Subtract  Vulgar  Fraction.  Reduce  the  two  fractions 
to  a  common  denominator,  if  they  have  different  ones; 
then  take  the  less  numerator  from  the  greatir,  and  *el  the 
remainder  over  the  common  denominatur,  for  the  ditiei^ 
ence  sought, — It  is  best  to  sec  the  less  fraction  alirr  ihe 
greater,  with  the  sign  (  — )  of  sublrHCiion  betVveen  them» 
and  the  mark  of  equality  (  =  ]  alter  them. 
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And     4  -  *  =  H  -  n  =  iV 

SuSTKACTiOK,  inAigtbra,  is  performed  by  changing  the 
ligtis  of  all  ihe  terms  of  [he  subtrahend,  to  their  Contrary 
signs,  via,  -t-  into  — ,  and  —  into  -•-  ;  and  then  uniting 
the  terms  witli  those  of  the  minuend  ufier  the  manner  of 
addition  of  Algebra. 

Ex.  From  +  6a 
Take  -h  2a 

Rem.        6a  ~  Sa  ^  4a, 
From  +  6a 
Take  -  2a 

Rem.       6a  -f-  3a  =s  8a. 
From  —  6a 
Take  -t-  2a 

Rem.  —  6a  —  2a  =  -  8a. 
From  —  6a 
Take  —  4o 

Rem.  —  6a  +  4o  =  —  2a. 

From  2a  —  3r  +  5»  -r  6 

Take  6o  -^  4i  -h  5z  •«-  4 

Rem. -4a  —  7»       0    —  10 

SUBTRIPLE,  is  when  one  quantity  is  the  third  [lart  of 

another ;  4S  2  is  suhtriple  of  6.     And  Subtrifle  Ratio, 

is  the  ratio  of  1  to  3. 

SOBTRIPLICATE  liatio,  is  the  ratio  of  the  cube  rools. 
So  the  sub  triplicate  ratio  of  a  to  b,  is  the  ratio  of  {/a  to 

i/*,  or  of  a'  to  6'. 

SUCCESSION  qf  Signs,  in  Asironoiny,  is  the  order  in 
which  they  are  reckoned,  or  follow  one  another,  and  ac- 
cording to  which  the  sun  ^nlers  them  ;  railed  also  conse- 
quentia.  As  Aries,  Taurus,  Gemini,  Cancvr,  &c.  When 
a  planet  goes  according  to  the  order  and  succession  of  the 
signs,  or  in  conscquentis,  it  is  said  to  be  direct ;  but  re- 
trograde when  thi-y  move  the  contrary  way,  or  in  anti-ce- 
dcniia,  as  from  Gemini  to  Tuurus,  then  to  Aries,  kc. 

SUCCULA,  in  Mechanics,  a  bnre  axis  or  cylinder 
frith  staves  in  it  to  move  it  round  ;  but  without  any  tym- 
panum, or  perilruchium. 

SUCKER,  in  Mechanics,  a  name  by  which  sometimes 
is  called  the  piston  or  bucket,  in  a  sucking  pump ;  and 
sometimes  the  pump  itself  is  so  called. 

SUCKING  Pump,  the  common  pump,  working  by  two 
valves  opening  upwards.     Scse  Pump. 

SUISETH  (RiCARDi  or  Raymundi),  an  early  writer 
on  Arithmetic.  A  long  account  of  his  book,  called  the 
Calculator,  h  given  in  Brucker's  History  of  Philosophy. 

SUM,  the  quantity  produced  by  addition,  or  by  add- 
ing two  or  more  numbers  or  quantities  together.  So  the 
sum  of  6  and  4  is  10,  and  the  sum  of  a  a.nAb  is  a  -f-  b. 

SUMMER,  the  name  of  one  of  the  season's  of  the  year, 
being  one  of  the  quarters  when  the  year  is  divided  into  4 
parts,  or  one  half  nhen  the  year  is  djvided  only  into  two, 
summer  and  winter.  In  the  former  case,  summer  is  the 
quarter  during  which,  in  northern  climates,  the  sun  is 
passing  through  the  three  signs  Cancer,  Leo,  Virgo,  or 
from  the  time  of  the  greatest  declination,  till  it  comes  to 
the  equinoctial  again,  or  have  no  declination;  which  is 
from  about  the  21st  of  June,  to  the  22d  of  September. 
In  the  latler  case,  summer  contains  the  fi  warmer  months, 
while  the  »UH  is  on  one  side  of  the  equinoctial  i  and  winter 


the  other  6  months,  when  the  sua  is  on  the  other  Me  of  il. 

Son MEti  B<am,  In  carpentry,  a  targe  piece  of  timber 
which,  being  supported  on  two  pillars  or  poatii,  serves  as 
a  lintel  to  a  gati-,  door,  or  window,  &c. 

SuHUEa  Soluice,  the  time  or  point  when  the  sun  al- 
taini  his  greatest  declination,  and  is  nearest  the  zenith  of 
the  place.     See  Solstice. 

SUN,  Sol,  O,  in  Astronomy,  the  great  luminary  that 
is  placed  in  the  centre  of  our  system,  and  about  which  all 
the  planeis  revolve,  in  ditferent  periods,  and  at  diflerent 
distances.  It  is  the  great  fountam  ol  light  and  heal  to 
ail  those  bodies,  warming  and  refreshing  both  ibeir  animal 
and  vegetable  inhabitants  with  the  refulgence  of  his  beams; 
without  which,  all  nature  would  be  involved  in  impene- 
trable darkness.  The  comets  also  revolve  about  the  sun, 
but  in  cxccntric  orbits,  bting  sometimes  very  near  him; 
and  at  others,  at  an  incalculable  distance  from  him. 

The  ancient  astronomers  conceived  the  enrth  to  be  the 
centre  of  the  universe,  having  the  sun,  and  all  the  other 
celestial  bodies.revolviiig  about  it;  but  this  absurd  doc- 
trine was  at  last  confuted  and  annihilated  by  Copernicus; 
though  not  without  many  angry  disputes,  and  malignant 
persecutions,  particularly  by  the  church  of  Rome,  be- 
cause it  seemed  to  contradict- somo  pnrls  of  Scripture 
Truth  however  at  length  prevailed;  and  gave  to  the  sun 
bis  due  place  in  the  centre  of  our  sy^trm. 

It  has  since  been  discovered,  that  the  sun  has  a  motion 
on  its  own  axis,  in  about  33}  days,  as  appears  from  the 
maculae  or  spots  on  his  diic.  For,  some  ot  these  sputt 
have  made  their  first  appearance  near  tlic  edge  or  margin 
of  the  sun,  from  lliencc  they  have  seemed  gradually  to 
pass  over  the  sun's  face  to  the  opposite  edge,  then  dis- 
appear; and  hence,  afier  an  absence  of  about  J 4  days, 
they  have  reappeared  in  their  first  place,  and  have  taken 
the  same  course  over  again  ;  Rnishing  their  entire  circuit  ' 
in  2?  days  I'J*  20";  which  is  hence  inferred  to  be  the 
period  of  the  sun's  rotation  round  his  axis:  and  therefore 
the  periodical  time  of  the  sun's  revolution  to  a  fixed  star 
is  35*  15*  l6"  ;  because  in  27*  12^  20"  of  the  month  of 
May,  when  the  observations  were  made,  the  earth  de- 
scribes an  angle  about  the  sun's  centre  of  26°  22',  and 
therefore  as  the  angular  motion  Sd'o"  ■*•  36''  22'  ;  36o 
:  .  21*  12^  20"  :  Si*  15*'  16™.  This  motion  of  the  spots 
is  from  west  to  east:  whence  we  conclude  the  motion  of 
the  sun,  to  which  the  other  is  owing,  to  be  from  east  to 
west.  The  more  coriect  period  of  the  sun's  rotation  is 
now  stated  at  25  days  ]0  hours. 

Besides  this  motion  round  his  axis,  the  sun,  on  acCQunt 
of  the  various  attractions  of  the  surrounding  planets,  is 
agitated  by  a  small  motion  round  the  centre  of  gravity  of 
the  system.— Whether  the  sun  and  stars  have  any  piiiper 
motion  of  their  own  iji  the  immensity  of  space,  however 
small,  is  not  absolutdy  certain;  though  some  very  accu- 
rate observers  have  intimated  conjectures  of  this  kind,  and 
have  shown  that  such  a  general  motion  is  not  improbable. 
See  Stars. 

AifoT  Ike  apparent  annual  motion  of  the  Sun  round  ike 
earth;  it  is  easily  ihown,  by  astronomers,  that  the  real 
annual  motion  of  the  earth,  about  the  sun,  will  cause  such 
an  appearance.  A  spectator  in  the  sun  would  see  the 
earth  move  from  west  to  east,  for  the  same  reason  as  wo 
see  the  sun  move  from  east  to  west;  and  all  the  pheno- 
mena resulting  from  this   annual    motion  in  nhichovec 
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And  hence  arises  that  apparent  motion  of  the  sun,  1^  whictt 
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tie  h  s(«n  to  advance  insensibly  towards  the  eastern  stars ;  discoverable  by  iU  effects,  when,  by  various  causes.  It  il 
in  so  much  that,  if  any  star,  near  the  ecliptic,  rise  at  any  collected  for  a  time  into  a  less  space  than  that  which  it 
lime  with  the  sun  ;  alter  a  few  days  the  sun  will  be  got  would  otherwise  occupy.  The  matter  of  this  fire  is  not 
more  to  the  cast  of  the  star,  and  the  star  will  rise  and  set  in  any  wise  supposed  to  be  derived  from  the  sun  :  the 
before  him,  .  solar  rays,  whether  direct  or  reflected,  are  of  use  only  as 

,       Nature,  Properiie*,  Figure,  tfc,  nfthe  Suw.  '  they  impel  ibc  particles  of  fire  in  parallel  directions:  that 

Those  who  have  maintained  that  the  substance  of  the  parallelism  beinf;  destroyed,  by  intercepting  the  solar  rays, 
sun  is  fire,  arguB  in  the  following  manner:  The  sun  shines,  the  fire  instantly  assumes  its  natural  stale  of  uniform 
and  bis  rays,  collected  by  concave  mirrors,  or  convex  diffusion.  According  to  this  explication,  which  attributes 
lenses,  will  burn,  consume,  and  melt  the  most  solid  bo-  heat  to  the  matter  of  fite,  when  driven  in  parHllel  direc- 
dies,  or  else  convert  them  into  ashes,  or  glass  :  therefor^,  tions,  a  much  greater  degree  must  be  given  it  when  the 
as  the  force  of  the  solar  rays  is  diminished,  by  their  di?  quantity,  so  collected,  is  amassed  into  a  focus ;  and  yet 
1-ergency,  in  a  duplicate  ratio  of  the  distances  reciprocally  the  focus  of  the  largest  speculum  does  not  beat  the  air  or 
taken  ;  it  is  evident  that  their  force  and  effect  are  the  same,  medium  in  which  il  is  found,  but  only  bodies  of  densities 
when  collected  by  a  burning  lens,  or  mirror,  as  if  we  were    difierent  from  thai  medium. 

at  such  distance  from  the  sun,  where  they  were  equally  i  M.  Deluc  (Lettrcs  Physiques}  is  of  opinion,  that  the 
dense.  The  sun's  rays  therefore,  in  the  neighbourhood  of  solar  rays  are  the  principal  cause  of  heal ;  but  that  they 
the  sun,  produce  the  same  effi-cis,  as  might  be  expected  beat  such  bodies  only  as  do  not  allow  them'  a  free  pas- 
from  the  raoHt  vehement  fire  ;  consequently  the  sun  is  of  sage.  Inthis  rrmark  he  agrees  with  Newton:  but  thcnhe 
a  fiery  substance.    -  '  .    differs  totally  from  him,  as  well  as  from  Boerhoave,  con- 

Hence  it  follows,  that  its  surface  is  probably  every  cerning  the  nature  of  the  rays  of  the  sun.  He  does  not 
where  lluidj  that  being  the  condition  of  flame.  Indeed,  admit  the  emanation  of  any  luminous  corpuscles  from 
whether  the  whole  body  of  thcsun  be  iluid,  assome  think;  the  sun,  or  other  self-shining  substances,  but  supposes 
or  solid,  as  others ;  they  do  not  presume  to  determine:  all  space  to  be  filled  with  an  ether  of  great  elasticity 
but  as  there  are  no  other  marks,  by  which  to  distinguish  and  small  density,  and  that  light  consists  in  the  vibrations 
fire  from  other  bodies,  but  light,  heat,  a  power  of  burn-  of  (his  ether,  as  sound  consiits  in  the  vibrations  of  the 
ing,  consuming,  melting,  calcining,  and  vitrifying;  they  air.  "  Upon  Newton's  supposition,"  says  an  excellent 
do  not  sec  what  objection  should  be  made  to  the  hypo-  writer,  "  the  cause  by  which  the  particles  of  light  and 
thesis  that  the  sun  is  a  globe  of  fire,  like  our  fires,  invested  the  corpuscles  constituting  other  bodies  are  mutually 
with  flame :  and,  supposing  that  the  moculie  are  formed  attracted  and  repelled,  is  uncertain.  The  reason  of  the 
out  of  the  solar  exhalations,  they  infer  that  the  sun  is  not  uniform  diffusion  of  fire,  of  its  vibration,  and  repercus- 
purelirc;  but  that  there  arc  beierogerkeous  parts  mixed  sion,  as  stated  in  Boerhaave's  opinion,  is  equally  inex- 
with  it,  plicable.     And  in  the  lust  mentioned  hypothesis,  we  may 

Philosophers  have  been  much  divided  in  opinion  with  add  to  the  other  difficulties  attending  the  supposition  of 
respect  to  the  nature  of  fire,  light,  and  heat,  and  the  an  universal  ether,  the  want  flf  a  first  mover  to  make 
causes  that  produce  them  :  and  ihcj  have  given  very  dif-    the  sun  vibrate." 

fcrenl  accounts  of  the  agency  of  the  sun,  with  which,  Pr.  Herschel  hat  given,  in  the  Philos. Trans,  an  ingc- 
u'hether  we  consider  them  as  substances  or  qualities,  they  nious  paper  on  the  physical  construction  of  the  sun.  This 
arc  intimately  connected,  and  on  which  they  seem  prima-  plausible  and  ingenious  theory  is  suggested  by  a  variety 
i:ily  to  depend.  Some,  among  whom  ice  may  reckon  Sir  of  observations  on  the  solar  phenomena.  The  sun,  he 
Isaac  Newton,  consider  the  ruys  of  liglit  as  composed  of  supposes,  has  an  atmosphere  resembling  that  of  the  earth  ; 
small  particles,  which  are  emitted  from  shining  bodies,  and  thisaimosphcre  consisisof  various  elastic  fluids,aomo 
and  move  with  uniform  velocities  in  uniform  mediums,  of  which  exhibit  a  shining  brilliancy,  while  others  ar« 
hut  with  variable  veli^cities  in  mediums  of  variable  densi-  merely  transparent.  Whenever  the  lucid  fluid  is  removed, 
ties.  These  particles,  say  they,  act  upon  the  minute  con-  the  body  of  the  sun  may  be  seen  through  those  that  are 
siitucnt  parts  of  bodies,  not  by  impact,  but  at  some  in-  transparent.  In  like  manner,  an  observer  placed  in  the 
definitely  small  distance ;  they  attract  and  are  attracted  ;  moon,  will  see  the  solid  body  of  the  earth  only  in  those 
and  in  being  reflected  or  rcrracted,  they  excite  a  vibratory  places  where  the  transparent  fluids  of  our  atmosphere 
motion  in  the  component  particles.  This  motion  increases  will  permit  him.  In  others,  the  opaque  vapours  will  re- 
ihe  distance  between  the  particles,  and  thus  occasions  an  fleet  the  sun's  light,  without  permitting  his  view  to  penc- 
augmentation  of  bulk,  or  an  expansion  in  every  dimension,    trate  to  the  surface  of  our  globe. 

which  is  the  most  certain  characti  rislic  of  fire.  This  ex-  By  changes  in  the  atmosph'erc  of  Jupiter  too.  Dr.  H. 
panston,  which  19  the  beginning  of  a  disunion  of  the  parts,    accounts  for  the  phenomena  of^ts  belts  :  and  on  the  same 


being  increased -by  the  increasing  magnitude  of  the  vibra-  principle  he  illustrates  the  various  appearances   of  spots 

tions  proceeding  from  the  continued  agency  of  light,  it  observed  in  the  sun.     Such   phenomena,   he  thinks,  may 

may  easily  be  apprehended,  that  the  particles  nill  at  be  easily  and  satisfactorily  explained,  if  it  be  allowed  that 

length  vibrate  beyond  their  sphere  of  mutual  attraction,  the  real  solid  body  of  the  sun  itself  is  seen  on  these  oc- 

and  thus  the  lexturc  of  the  body  will  be  altered  or  dc-  caaions,  though  wc  seldom  sec  more  than  its  shining  at- 

stroyed  ;   from   solid  it   mny  become  fluid,  as  in   melted  mosphere.      lie   apprehenJ«>.'thut   there  are  considerable 

gold ;  or  from  being  fluid,  it  may  be  dispersed  in  vapour,  inequalities  in  the  surface  6S  the  sun  ;  and  that  there  may 

as  in  boiling  water.  be  elevations  not  less  than   5  or  600  miles  high.     That  a 


s  Boerhaave,  represent  fire  as  a  substance  sui  very  high  country,  or  chain  of  mountains,  may  ofienee 

generis,  unalterable  in  its  nature,  and  incapable  of  being  become  visible,  by  the  removal  of  the  obstructing  fluid, 

pmduced  or  destroyed  ;  naturally  existing  in  equal  quan-  than  the  lower  regions,  on  account  of  its  not  being  so 

titles  in  all  places,  imperceptible  to  our  senses,  and  only  deeply  covered  by  it.    Sec  SoUa-  Sfoxs. 
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All  the  phenomena  of  the  ipoU,  of  the  facule,  and  of  red,  the  greatest  pover,  and  the  mean  nys  of  the  pru- 
Ihc  livid  surface  of  the  suUj  concur  to  establish  the  exist-  matie  spectrum  showed  an  iatermediate  power.  Thus,  in 
encc  of  a  solar  atmosphere  of  very  considerable  extent,  the  red  rays  the  thermometer,  by  the  average  of  several 
and  to  evince  its  composition  of  various  elastic  fluids,  experiments,  rose  6}  degrees;  in  the  green  nys  3}  de- 
that  are  more  or  less  lucid  and  transparent :  bucthelucid  grees;  and  the  violet  S  degrees;  or  in  round  nunbert, 
one  is  that  which  furnishes  us  with  light.  The  generation  the  etfect  of  the  red  rays  was  to  that  of  the  green  as  9  to 
of  this  lucid  fluid,  in  the  solar  atmosphere,  is  a  pheno-  4,  and  tothat  of  the  violet  a^  7  to  2. 
inenon  similar  to  the  generation  of  clouds  in  ourAtrao-  Pursuing  those  experiments,  the  same  philC)sopheT 
sphere,  which  are  prodaced  by  the  decomposition  of  its  found  the  range  of  dispersion  of  the  rays  of  heat  by  the 
coostiiueut  elastic  fluids:  but  nith  this  difference,  that  prism,  to  differ  most  essentially  from  that  of  light ;  for 
the  continual  and  very  exccnstve  decom positions  uf  the  on  applying  thermometers  of  great  sensibility  and  suc- 
elastic  fluids  of  the  sun,  are  of  a  phosphoric  nature,  and  cessivcly  in  a  line,  beginning  at  the  violet  rays,  procL-ed- 
attended  with  lucid  appearances,  by  giving  out  light.  To  ing  along  the  prismatic  spectrum,  he  found  not  only  the 
the  objection  that  such  decompositions,  and   the  consfi-     heat  increased  by  advancing  towards  the  red,  or  least  re- 

"  '"  '  "     ..       fracied  rays,  but  that  the  heat  was  greatest  at  a  small 

distance  beyond  the  extreme  limits  of  the  spectrum,  that 
19,  where  no  rays  of  light  at  all  fell ;  and  still  continuing 
to  advunce  the  thermometer  in  the  same  line,  the  heat 
then  grailualjy  diminished,  till  it  became  too  hobU  to  be 
noticed.  This  (nost  curious  and  important  discovery 
■hows,  therefore,  both  an  entire  separatioa  of  heat  from 
light  in  the  solsr  ray,  and  refrangibility  of  one  fri^ra  the 
other,  which  together  go  near  to  establish  the  separate 
identity  of  caloric  atid  light,  and  cause  precisely  the 
same  arguments  uncd  to  demonstrate  the  materiality  of 
light  to  apply  to  the  materiality  of  heat. 

TheseexperimentsofDr.HeMchelhBve  beenfully  confirm- 
ed by  sir  H.  Englefield,  whose  apparatus  were  somewhat  dif- 
ferent, and  more  accurate.  The  particulars  of  which  are  as 
follow.  The  coloured  rays  of  the  spectrum  were  succes- 
sively and  singly  thrown  on  a  lens   (all  the  others  being 

excluded  by  a  screen),  the  thermometer  i 

-    focus,   ---'  -"- 


quent  emission  of  light,  would  exhaust  the  sun.  Dr.  H, 
replies  that,  in  the  decomposition  of  phosphoric  fluids, 
^very  other  ingredient  besides  light  may  return  to  the 
hody  of  the  sun.  This  waste,  however,  must  be  quite  in- 
censible,  even  in  a  very  long  period,  when  the  extreme 
■ubtilty  of  light  is  considered :  and  besides,  it  may  pos- 
sibly be  supplied  by  those  telescopic  comets,  many  of 
which  are  observed,  which  have  no  appearance  of  any 
solid  nucleus,  seeming  to  be  mere  collections  of  vapours 
condensed  about  a  centre. 

The  sun,  contemplated  with  the  assistance  of  the  doc- 
tor's theory,  "  appears  to  be  nothing  else  than  a  very 
large,  eminent,  lucid  planet,  evidently  the  first,  or  in- 
deed the  only  primary  one  of  our  system  ;  all  others  be- 
ing truly  secondary  to  it.  Its  similarity  to  the  other 
globe)  of  the  solar  system,  with  regard  to  its  solidity,  its 
atmosphere,  and  its  diversified  surface;  the  rotation  on 
its  axis,  and  the  fall  of  heavy  bodies,  lead  us  on  to  sup- 
pose that  it  is  most  probably  also  inhabited,  like  the  rest  ed  ball  being  placed 
of  the  planets,  by  beings  whose  organs  are  adapted  to  the 
peculiar  circumstances  of  that  vast  globe," 

Should  it  be  objected  that  the  beat  of  the  sun  renders 
it  undt  for  a  habiiable  world.  Dr.  H.  answers,  that  heat 
iw  produced  by  the  sun's  rays  only  when  they  act  on  a 
calorific   medium,  and  that  they  are  the  cause  of  the 
production  of  heal,,  by  uniting  with  the  matter  of  fire, 
which  is  contained  in  the  substances  (hat  are  heated. 
Dr.  H.  suggests  other  considerations,  intended  to  invali- 
date the  obji'ction.     He  then  deduces -from  analogy  a 
variety  of  arguments,  in  order  to  confirm  the  notion  of 
the  sun's  being  habitable  ;  and  infers  that,  if  .the  sun  be 
capable  of  accommodating  inhabitants,  the  other  stars, 
which   ere  liuns  may  he  appropriated  to  thi 
and  thus,  says  be,  we  see  at  once  what 
for  animation  opens  itself  to  our  v\e\ 
Abridg.  vol.  17,  pa.  478.    See  also  Spo' 

Dr.  Hcrschi'l  has  made  many  interesting  experiments 
on  the  naiure  of  the  sun's  rays,  and  has  thus  flrmly  esta- 
blislx'd  a  fact  which  had  long  been  disputed  between  phi- 
losophers, namely,  the  separate  identity  of  light  and  heal : 
that  ihey  are  both  subject  to  the  laws  of  reflection  and 
retraoiiun ;  that  they  are  each  of  different  refrangibility, 
are  liable  r<t  be  stopped  in  crriain  proportions  when  trans- 
mitted throujih  diaphanous  bodies;  and  ihal  they 
linbl*-  to  be  scaltered  on  re    "  '  "' 

facts'were  di^cov^red  by  thi 


blacken - 

:d  to  remain 

there  some  tiipe  after  it  had  ceased  to  rise,  that  the  full 

effect  might  be  secured.     Thus  circumstanced. 

In  the  blue  ray  from 

green    -    -    - 

yellow       -     - 


5  56" 
94     to  5S 

56     to  62 
56     to  72 


Quite  outyf  visible  light 
Tliese  experiments  were  repeated  several  limes,  and  in 
all  with  very  closely  corresponding  results,  and  the  most 
striking  and  novel  phenomenon  was  manifest  in  all,  namely, 
the   rise  of  the  thermometer,  when  passed  beyond  the 
extreme  point  of  the  luminous  spectrum  on  the  red  side, 
and  its  fall  when  ag^nn  carried  back  into  the  red  light. 
As  to  the  Figurf  qf  the  Svs ;    this,  like  the  planets,  is 
:tensive  field     not  perfectly  globular,    but  spheroidical,  being   higher 
PhJIos.  Trans,     about  the  equator  than  at  ibe  poles.  The  reason  of  which 
is  this :    the  sun  has  a  motion  abont  his  own  axis  ;    and 
therefore  the  solar  matter  will  have  an  endeavour  to  re- 
cede from  the  axis,  and  thai  with   the  greater  force  as 
their  distances  from  it,  or  the  circles  they  move  in,  are 
greater:  but  the  equator  is  Ihc  greatest  circle;  and  the 
rest,  towards  the  poles,  continually  decrease ;  therefore 
the  solar  matter,  though  at  first  in  a  spherical  form,  will 
endeavour  to  recede  from  the  centre  of  tho  equator  fur- 
ther   than  from   the  centres    of    the   parallels.      Conse- 
irfaces.     Thf^i.-  curious     quently,  since  the  gravity,  by  which  it  ii  retained  in  lis 
optical  experi-     place,  is  supposed  to  be  uniform  throughout  the  whole 


ired  ghss,  in  which  he  was  kit  to  examine  sun,  it  will  really  recede  from    the  centre  more  at  the 

the  difference  between  the  coloured  rays  of  the  sun  with  equator,  than  at  any  of  the  parallets;    and  hence  the 

rceard  to  iheir  healins  power.     He  theieby  discovered  sun's  diameter  will  be  greale?  through  the  equator,  than 

that  the  most  refracted  rays  of  light,  the  violet,  possess  through  the  poles  ;  that  is,  the  sun's  hgure  is  not  perfectly 

the  lowest  heating  power ;    and  the  least  refracted,  the  spherical,  but  spheroidical. 
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Seoeral partieulart  qf  ihe  Su»,  reUled  by  Newton,  in  his  this  day  ;  and  alu  Sabbath-day,  becauM  lubstitated  un> 
Frincjpin,  are  as  follonr :  I .  That  (he  density  of  the  bud's  der  the  new  law  JDStnid  of  the  g&bbatfa  in  the  old  taw- 
beat,  which  is  proporlioiiat  to  his  light,  is  7  times  as  great  It  was  CoDstaniine  the  Great  who  firat  made  a  law  for  the 
at  Mercury  as  with  us;  and  therefore  our  water  there  observation  of  Sunday  ;  aqd  who,  according  to  Eusebius, 
would  be  all  carried  offin  vapour  :  for  be  fnund  by  expe-  appointed  that  it  should  be  regularly  celebrated  through- 
riments  of  the  thermometer,  that  a  heat  but  7  times  greater  out  the  Roman  empire, 
than  that  of  the  sun  beams  iu  summer,  will  serve  to  make  Sunday  Letter.  See  DoitiMtcAL  JLelfer. 
water  boil.  SUPERFICIAL,  relating  to  Superficies. 

2.  That  tbe  quantity  of  matter  iu  the  sun  is  to  that  in  SUPERFICIES,  or  Surface,  io  Geometry,  the  out- 
Jupitcr,  nearly  as  1 100  to  1 ;  and"  that  the  distance  of  side  or  exterior  face  of  any  body.  This  is  considered  as 
that  planrt  from  the  sun,  is  in  the  same  ratio  to  the  sun's  having  the  two  dimensions  of  length  and  bieadth  only,  but 
semi  diameter.  no  thickness;  and  therefore  it  maki?  no  part  of  the  sub-    . 

3.  That  tlie  matter  in  the  sun  is  to  that'in  Satuili,  as  stance  or  solid  content  or  matter  of  the  body.  The  terras 
23fiO  to  1 ;  and  the  distance  of  baturn  from  the  sun  is  in  or  bounds  or  cstreraities  of  a  superficies,  are  lines ;  and 
a  ratio  but  little  less  than  that  of  tbe  sun's  semidiameter.  superficies  may  be  considered  as  generated  by  the  motions 
And  hence,  that  tbe  common  centre  of  gravity  of  ilie  sun  of  lines.— Superficies  are  either  rectilinear,  curvilinear, 
and  Jupiier  is  nearly  in  thti  superficies  of  the  sun  ;  of  the     plane,  concave,  or  convex. 

sun  and  Saturn,  a  little  within  it.  AecftVinear  Supekficies,  is  bounded  by  right  lines. 

4.  And  by  the  same  mode  of  calculation  it  will  te         CurwViserti-^uPERFiCiES,  is  bounded  by  curvelines. 
found,  that  the  common  centre  of  gravity  of  sll  the  pia-         i'/ane  Superficies,  is  that  which  has  no  ineqiiality  in 
nets;  cannot  be  more  than  the  length  of  the  solar  diameter     it,  nor  risings,  nor  sinkings,  but  lies  evenly  and  straight 
distant  from  the  centre  of  the  sun.     This  common  t^'Dtre     throughout,  so  that  a  right  line  may  wholly  coincide  with 
of  gravity  he  proves  is  at  rest ;  and  therefore  though  the     it  in  all  parts  and  directions. 

sun,  by  reason  of  the  various  positions  of  the  planct-i,  may  Cottoei  Superficies,  is  that  which  is  curved  and  rises 

be  moved  every  way,  yet   it  cannot   recede  far  from   the      outwards. 

common  centre  of  gravity,  and  this,  bethinks,  ought  to  be         Concave  Superficies,  is  curved  and  sinks  inward, 
accounted  tbe  centre  of  our  world.     Book  3,  prop.  12.  The  measure  or  quantity  of  a  surface,  is  called  its  area. 

5.  By  mt.-ans  of  ihe  solar  spots  it  hath  bren  discovered.  And  the  finding  of  this  measure  Qr  area,  is  somt-times 
that  the  sun  revolves  round  his  own  axis,  without  moving  called  the  quadrature  of  it,  meaning  tbe  reducing  it  lo  an 
considerably  out  of  his  place,  in  about  2i  days,  and  ihnt  equal  square,  or  to  a  certain  number  of  smaller  squares, 
the  axis  of  this  motion  is  inclined  to  the  ecliptic  in  an  an-  For  all  plane  figures,  and  the  surfaces  of  all  bodies,  are 
gle  of  B7°  30  nearly.  The  sun's  apparent  diameter  bein^  measured  by  squares  ;  as  square  inches  orsquare  feet,  or 
sensibly  longer  in  December  than  in  June,  the  sun  must  be  square  yards,  &c  ;  that  is,  squares  whose  sides  are  inches, 
proportionably  nearer  to  the  earth  in  winter  than  in  sum-  or  feet,  or  yards,  &c.  Our  least  superficial  measure  is 
mer ;  in  the  former  of  which  seasons  iherefure  will  be  the  the  square  inch,  and  other  squares  are  taken  froiq  it  ac* 
perihelion,  in  the  latter  the  aphelion  :  and  this  is  also  con-  cording  to  the  proportion  in  the  fallowing  table  of  super- 
firmed  by  the  earth's  motion  being  quicker  in  December     ficial  or  square  measure. 

than  in  June,  as  it  is  by  about  -li^part.     For  since  the  144  square  inches  ^  I  square  foot 

earth  always  describes  equal  areas  in  equal  times,  whet!-  9  square  feet       =  1  square  yard 

ever  it  moves  swifter,  it  must  needs  4>e  nearer  to  the  sun  :  30}  square  yards    ^  t  square  pole 

and  for  this  rea.>ion  there  are  about  S  days  m&re  from  the  16  sqnare  poles    =:  1  square  chain 

sun's  vernal  equinox  to  the  autumnal,  than  from  the  au-  10  square  chains  =  1  acre 

tumnal  to  the  vernal.  640  acres  ^  1  square  mile. 

6.  That  Ihe  sun's  diameter  is  equal  to  100  diameters  of  The  superficial  measure  of  all  bodies  and  figures  depends 
the  earth  ;  and  therefore  the  body  of  the  sun  roust  be  entirely  on  that  of  a  rectangle  ;  and  this  is  found  by  draw- 
1,000,000  times  i^reatiT  than  that  of  theearth.— Mr.  Azout  ing  or  multiplying  the  length  by  the  breadth  of  it;  as  it 
assures  us,  that  be  observed,  by  a  very  exact  method,  the  proved  from  plane  geometry  only,  in  my  Mensuration, 
sun's  diameter  to  be  no  less  than  31'  4?"  in  bis  apogee,  and  pt.  2,  sect,  1,  prob.  1-  From  the  area  of  tbe  rectangle  wo 
not  greater  than  32'  -15"  in  his  perigee.  obtain  that  of  any  oblique  parallelogram,  which,  by  geo- 

7-  According  to  Newton,  in  his  theory  of  the  moon,  the  metry,  is  equal  to  a  rectangle  of  equal  base  and  altitude; 
mean  apparent  diaipeterof  the  sun  is  3?  13".— -The  sun's  iheiicea  triangle,  which  is  the  ball  of  such  a  parallelogram 
horizontal  parallax  is  now  fixed  at  %"-ra-  or  rectangle ;  and  hence,  by  composition,  we  obtain  the 

S.  If  you  divide  360  degrees  (the  whole  ecliptic)  by  the  superficies  of  all  other  figures  whatever,  as  these  may  bo 
quantity  of  tha  solar  year,  it  will  give  59'  S''  Sec,  which  considered  at  made  up  of  triangles  only.- 
thcrefure  is  the  medium  quantity  of  the  sun's  daily  mo-  Besides  (his  way  of  deriving  Ihe  superficies  of  all  figures, 
tion  ;  and  if  this  59'  8"  be  divided  by  24,  you  have  tiie  which  is  the' most  simple  and  natural,  as  proceeding  on 
sun's  horary  motion  equal  to  2*  28":  and  if  this  last  be  common  geometry  alone,  there  arc  certain  other  methods; 
divided  by  t>0,  it  will  ff\e  bis  motion  in  a  minute,  &c.  such  as  the  methods  of  exhaustions,  of  fluxions,  &c.  See 
And  in  this  way  are  tbe  tables  of  tbe  sun's  mean  motion  these  articles  in  their  places,  as  also  Quadratures. 
constructed,  as  placed  in  biwks  of  astronomical  tables  and  Line  of  Supbkficies,  a  line  usually  found  on  the  sec- 
calculations,  tor,  and  Gunnr's scale.    "The description  and  use bf  which, 

SUN  DAY,  the  first  day  of  the  week;  thus  called  by  our     see  uuder  Sectoa,  andGuNTza's  Scale. 
idolatrous  ancestors,  because  set  apart  for  the  worship  of         SUPPLEMENT,  of  anarch,  or  angle,  in  Geometry  or 
tbe  sun.— It  is  somctiifies  called  tbe  Lord's  Day,  because     Trigonometry,  is  what  it  wants  of  a  semicircle,  or  of  ISO 
kept  as  a  feast  in  memory  of  oar  Lord's  resuriectioa  on    d^reei;  as  the  complement  is  what  it  wants  of  a  quadrant, 


yv^oogle 


S   U  R  [    *78    ]  S  U  R 

or  of  90  desrcei.     So,  the  supplement  of  50°  is  130^;  as  ,.  i       .  ■    .■      r  -  i       -         ■    ,  .A 

U,e«mpleLntof[ti.«-.  "  qo.nl.iy  .re''""'' ""!>«  '»"»«''■"  <^'.  '•  .(«■)' 

SURD,inArilbn,elic..dAlgeb™,  draotc.nambn    v'f     ,'*°''   """—J  "«•  ">'li /"'Oja'  c«IIt,enl. 
or  qanMii,  lh.l  i>  i»com,nem»rat«  to  „nii,  ;  or  Ih.t  i.     ".^^"^'"W  '»■'"•"?  '*""''  >•!  ""  "'•"'  "B"  i 
inexpressible  in  rational  numbers  by  any  known  way  of    ^%    'r„-.j..'. 
notation,  otherwise  than  by  its  radical  sign  or  index.— 
This  is  otherwise  called  an  irrational  or  incommrnsurablc 
number,  as  also  an  imperfect  ]>ower. 

The  square  roots  of  all  numbers  except  1,4,  9<  )€,  25, 
i6,  he,  (which  are  the  squares  of  the  whole  numbers  1,  2, 
3,4,5,6,  &c,)areiurds,  oriiicommcnsurabln;  after  the 
same  manner,  the  cube  roots  of  ail  numbers  except  (he 
cubes  of  1,  2,  3,  4,  5,  6,  &c,  are  surds.  And  it  is  u^ual 
to  denote  such  root  by  setting  before  it  the  proper  mark 
of  radicality,  whichis  ^,  and  placing  above  this  radical 
sign  the  number  that  shows  what  kind  of  root  is  inteiidi-d. 
Thus,  \/'2  or  a/2  sigmties  the  square  root  of  2,  and  J/10 
the  cube  root  of  10 ;  which  roots,  becausejt  is  impossible 
'  to  express  them  in  numbers  exactly,  are  properly  culled 
lurd  roots. 

Another  way  of  notation,  by  which  roots  are  expressed, 
is  by  fractional  indices,  without  the  radical  sign  :  thus, 
OS  I*,  x^,  X*,  &c,  denote  the  square^  cube,  4lh  power,  &c, 

,  -i      ^     i    0        ^  ,1  ,        t       **t  power,  of  the 

ofr;  sox',  x',  x*,&c,  denote  the  square  root,  cube     j^  contained  in  i 
root,  4th  root,  &c,  of  the  same  quantity  i'.— The  reasou  of 
which  is  evident ;  for  since  ^x  is  a  geometrical  mean 
proportional  between   1  and  x,  ao  ^  is  an  arithmetical 
mean  between  0  and  1  ;  and  therefore,  as  2  is  ihe  inili 


3.  To  Tcdaee  Simple  Snrdt,  having  different  radical  signi 
(which  are  called  helerogeruai  Surdi)  lo  olheri  thai  mat/  have 
one  common  radical  lign,  or  which  are  homogeJieal :  Or  lo 
reduce  roots  o/  different  nainet  to  rooU  q/*  iht  tame  mime. — 
Involve  the  powers  reciprocally,  each  according  to  the  in. 
dex  of  the- other,  for  new  powers;  and  loulliply  their  in- 
dices together,  fur  the  common  index.  Otherwise,  as 
surds  may  be  considered  as  powers  with  fractional  expo- 
iienLs,  reduce  these  fractional  exponents  to  fractions  hav- 
ing the  same  value  and  a  common  denominator,— Thus, 
by  the  Isr  method, 

i/a  and  5/*  become  "^3^  and  "C^-i'i 
and,  fay  the  2d  method, 


o"  and  r"  become  (o")""  and  (x")"". 
Also  y'S  and  ^2  are  reduced  to  {/a?  and  ^/i,  which 
ire  equal  to  them,  and  have  a  common  radical  sign. 

4.  To  reduce  Surds  to  iheir  mott  simple  eipreuiona,  or 

to  the  loweU  termt  poaihte. — Divide  the  surd  by  thegrrat- 

'  '  A'lth  that  ol  the  ruot,  which 

:h   will  measure  or  divide  it 

without  a  remainder;  then  extract  the  root'if  that  power, 

and  place  ii  before  the  quotient  or  surd  so  divided  ;  this 

will   produce  a  new  surd  of  the  same  value  with  the 

c ..  r      1      11  L    .1  J        <■■.  former,  but  in  more  simple  terms.    Thus,  i/l&i'i,  by 

of  the  square  of  x,  i  will  be  the  proper  index  of  its  square     ^^^-^^^^^^  ^^   ,g^.^  ^^^  ^^^fi^iug  its  root  4^7  before  the 

*°°  •     '^-  auner,  ^12  =: 


It  may  be  observed  that,  for  convenience,  or  the  sake    ^,^  ^  sf  =  2*/3  ■  ' 


of  brevity,  quantities  which  are  not  naturally  surds, 
often  expressed  in  the  form  of  surd  roots.    Thus  ^4,  ^|, 
^27,  are  the  same  as  2,  |,  3. 

Surds  are  either  nmple  or  aimpound. 

Simple  Sir&Ds,  are  such  as  are  expressed  by  one  single 
term ;  as  v^2,  or^^a,  &c. 

Coo^und  Surds,  are  such  as  consist  of  two  or  more 
simple  surds  connected  together  by  the  signs  -f-  or  —  ;  as 
a/3  -h  ,/2,  orys  -  ^2,  or^(5  -t-  v'S)  r  which  last 
is  called  an  universal  root,  and  denotes  tiie  cubic  root  of 
the  sum  arising  by  adding  S  and  the  root  of  2  together. 
<y  certain  Operation*  by  Surds. 

1.  Such  surds  as  ,/Q,  ,/3,  </5,  &c,  though  they  are 
themselves  incommensurable  with  unity,  according  to  the 
definition,  are  commensurable  in  power  with  it,  because 
their  powers  are  integers,  which  are  multiples  of  unity. 
They  may  also  be  sometimes  commensurable  with  one  an- 
other; as  v'Sanil  a/2,  which  are  lo  each  other  as  2  to  1, 
as  is  found  by  dividing  them  by  their  greatest  common 
measure,  which  is  ^2,  for  then  those  two  become  ^4  =  2, 
and  I  the  ratio. 

2.  To  reduce  Rational  Hiuattitiei  to  ihe  form  of  am/  pro- 
posed Surd  Roots.— Involve  the  rational  quantity  according 


:   3^3. 


of  Ihe  power  of  the  surd,  and  then  prefix  be-     ^^^^  '^^^^  radical,  they  will  be  muiiiplie<l  and  divided  like 


to  the  indej 

fore  that  power  the  proposed  radical  sign. 

Thus  «  B.  ^a»  =  Oa'  =  i/a'      =  ^a\  &c. 

and     4  =  ^16  =  l/6i  =  ^256  =  {/V,  Stc. 

And  in  this  way  may  a  simple  surd  fraction,  whose  ni' 
dical  sign  refers  to  only  one  of  its  terips,  be  changed  into 
another,  which  shall  include  both  numerator  and  denomi- 
nator.    Thus, 

~-  is  reduced  to  \/— 1  """^^t  '<>  ^  ■ 


And  i/ali'x  reduces  to  tl/tu, 
Also^Sl     =^27k5    =^3'>i3 
And  v'aSS  =  s^lU  «  2  =  12^/2. 

5.  To  Add  and  Subtract  Surds. — When  they  arc  rc^ 
duced  to  Iheir  lowest  terms,  if  they  have  the  same  irra- 
tional part,  add  or  subtract  Iheir  rational  ciiefBcients, 
and  to  the  sura  or  difference  subjoin  ihe  common  irrational 
part. 

Thus,  V75  +  v'43  =  5^/3  +  4v'3  =  9*/3; 
and     v'"50-v'54  =  5^/6-3^6  =  2^6-. 
also     i/t^x  -t-y/c^x  =  a./x  +  ci/x  =  Cffl-hc)v'*- 
Or  such  surds  may  be  added  and  subtracted,  by  first 
squaring  them   (by  uniting  the  square  of  each  part  with 
double  their  product),  and   then  extracting  the  rout  uni- 
versal of  the  whole.     Ilius,  for  the  first  example  above, 
V'ZS  •*■  s/*B  =  v'C75  -^  48  +  V75  x  4S)   = 
x/{\23  -f-  2^3600)  =  v'(I8S  +  ISO)  = 
v'343  =  9^3,  tlie  same  as  before. 
If  the  quantities  cannot  be  reduced  to  the  same  irra- 
tional part,  they  can  only   be  connected  by  the  signs 

6.  To  Multiply  end  Divide  Surifj.— If  the  terms  hav 


:  thus  also  the 


.  by  adding  their  indices  for  multiplic 
ind  subtricting  them  for  division.    Thus, 

^ffl  X  ^a  =  o^  X  a^  =  o'  X  tt^  =  o*  =  t 

and  ^2   X  ^12  =   2^  =  ^i'   =■  •/*32; 

also  v'"  -5-  v^'a  =  d'-~a^  =  o^^  =  V I 

and  ^/2  -j.  ^2  =  2*  =s  i^2. 
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If  the  qaanlitics  be  different,  but  dnder  tbo  same  radi- 
cal sign  ;  multiply  or  divide  ihe  cjuanlities,  and  place  (he 
radical  sign  to  the  product  or  quotient. 
Thus,  ^2    «    v'S  =  v'lO; 
and      ^fl'  X  l/e    =  i^a'c; 
also    ^5+  -r  v/2  =  ^27  =  3. 
But  if  the  surds  have  not  the  same. radical  sign,  reduce 
them  to  such  as  shall  bate  the  same  radical  sign,  and 
proceed  as  before. 

Thus,  V»  St  fr'A  =  "v''*"  "  'v^l^  =  "^/a^ ; 
and      ^2  y-i/i  =  f  2' «  J/**  =  t^8  x  16  =  {/I28. 

If  the  surds  have  any. rational  coefficients,  their  product 
or  quotient  muit  be  prefixed. 

Thus,  5,/6  X  2^3  =  10^18  =  aOy'a ; 
and  Sv'S  --Q^S  =  iv's- 
7.  IiBoluiioit  and  Evolution  of  Surdi, — Surds  are  in* 
Tolved,  or  raised  to  any  power,  by  multiplying  their  in- 
dices byjhe  index  of  the  power;  and  Ihey  arc  evolved  or 
extracted,  by  dividing  their  indices  by  the  index  of  tha 
coot. 

Thus,  the  square  of  ^2  or  of  2*,  is  2^  =  ^i ; 

and  the  cube  of       i/5  or  of  5"^,  is  5*  =  v'125  ; 

also  ihe  square  root  of  v^4  or  4^  is  4' .  =3  2'  =^2. 

Or  thus :  Involve  or  I'Xtract  the  quantity  under  the 
radical  sign  according  to  the  power  or  root  required,  con- 
tinuing the  same  radical  sign. 

So  the  square  of  ^2  is  ^4 ; 
and  the  square  root  of  ^4,  is^2. 

Unless  the  index  of  the  power  is  the  tame  as  the  name 
of  the  surd,  or  a  multiple  of  it,  for  in  that  case  the  power 
□f  the  surd  becomes  rational.  Thus,  the  square  of  ^^3 
is  3,  and  the  cube  of  ^a'  is  a^ 

Simple  surds  are  commensurable  in  pewer,  and  by  be- 
ing multiplied  by  themselves  give,  at  length,  rational 
quantities:  but  compound  surds,  multiplied  by  tliemselves, 
commonly  give  irrational  products.  Yet,  in  thit  case,  when 
any  compound  sunt  is  proposed,  there isanothcr  compound 
surd,  which,  multiplied  by  it,  gives  a  rational  product. 
Thus,  ^a  -*■  ^b  multiplied  by  ^a  -  ^b  gives  o  -  6 ; 
and  ^a ~ ^b  mult,  by  ^/o*  +  ^ab  +  J^t*  gives  a~b. 
The  finding  of  such  a  surd  as  multiplying  the  proposed 
surd  gives  a  rational  product,  is  made  easy  by  three  theo- 
rems, delivered  by  Maciaurin,  in  his  Algebra,  pa.  IO9  &c. 

This  operation  it  of  use  in  reducing  surd  expressions 
to  more  simple  forms.  Thus,  suppose  a  binomial  surd 
divided  by  another,  as  v'20  +  v'12  by  ,/S  —  ^3,  the 
quotient  might  be  expressed  by 

.^tF  =  H^^-  l."t.hi..illbe»p,«.di„ 
a  more  simple  form,  by  multiplying  both  numerator  and 
denominator  by  such  a  surd  as  makes  the  product  of  the 
denominator  become  a  rational  quantity ;  thus,  multiply- 
ing them  by  ^s  -f-  t/3,  the  fraction  or  quotient  becomes 
2    X    ^'  •*•/"    X     ■^^■*--^'^    _  »  f,/s  +,•3)' 

v-i-^a         v'i  +  «'3   "~  s-a'  =  a  '^ 

V^(,5  +  ^5)*  =  8  +  2^/15. 
To  do  this  generally,  see  Maclauriu's  Alg.  p.  1 13.' 

n  the  square  root  of  a  surd  is  required,  it  may  bc^ 
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tiiy  that  approximates  to  its  value.  Thus,  to  find  the 
square  root  of  3  ■<-  Sy'Sl  first  find  the  ^2  =  1  41431  ■ 
bence  3  +  2v'2  =  5-82S*2,  the  root  ot  which  is  nearlv 
2-41421  =   i-t-  ^2.  ■  ' 

In  like  manner  we  may  proceed  with  any  other  pro- 
posed root.  And  if  the  index  of  the  root  be  very  high, 
a  table  of  logaxithms  may  be  used  to  advantage:  thus, 
to  extract  the  root  l/^S  +  'l^n);  take  the  logariibm  of 
17.  divide  it  by  13,  find  the  number  answering  to  the. 
quotient,  add  this  number  to  5,  find  the  log.  of  the  suiii, 
and  divide  it  by  7,  and  the  number  answering  to  this 
quotient  will  be  nearly  equal  to  ^(5  +  'i/ll). 

But  it  is  sometimes  requisite  lo  express  ibe  roots  of 
surds  exactly  by  other  surds.  Thus,  in  the  first  exam- 
ple, Ihe  square  root  of  3  +  2^/2  is  1  1-  ^2,  because 
(I +v'2r  =:  1-1-2^/2+2  =3  ■^v'2-  Kor  the  me- 
thod of  pcrforraing  this,  the  curious  reader  may  consult 
Maclauriu's  Algeb.  pa.  1 15,  whire  aUu  rules  lor  trino- 
ny!n':-&c  may  be  found.  5ce  also  the  article  BiifOMiAi. 
Routt,  in  this  Dictionary. 

Tor  extracting  the  higher  roots  of  a  binomial,  whose 
two  members  when  squared  are  co m mens u ruble  numbers, 
we  have  a  rule  in  Ncyton's  Ariih.  pa.  59,  but  without 
demonstration.  This  is  supplied  by  Mactaurin,  in  his 
Alg.  pa.  120;  as  also  by  Gravesande,  in  his  Matbeseos 
Univers,  Elem.  pa.  211. 

It  sometimes  happens,  in  the  solutioti  of  cubic  equa- 
tions, that  binomials  of  this  form  a±b^~l  occur,  the 
cube  r$>ots  of  which  must  be  found;  and  to  <bese  New- 
ton's rule  cannot  always  be  applied,  because  of  the  im- 
possible or  imaginary  factor  v'-  1  ;  yet  if  the  root  be 
expressible  in  rational  numbers,  the  rule  will  often  yield  ■ 
to  it  in  a  short  way,  not  merely  tentative,  the  trials  bring 
confincJ  to  known  limits.  See  Maclaurin's  Alg.  pa.  127. 
It  may  be  further  observed,  that  such  roots,  whether  ex- 
pressible in  rational  numbers  or  not,  may  be  found  by 
evolving  the  quantity  a~fb^  —  \  by  Newton's  binomial 
theorem,  and  summing  up  the  alternate  terms.  Macluu- 
rin,  p.  130. 

Those  who  are  desirous  of  a  general  and  elegant  solu- 
tion of  the  problem,  to  extract  any  root  of  an  impossible 
binomiaI,a  +  b  1/  —  l,  0[  oi  a  pcesibte  binomial  « -t-  ^/b, 
may  have  recourse  to  the  appendix  to  Saunderson's  Alge- 
bra, and  to  the  Pbilos.  Trans.  N0.4JI.  On  the  ma- 
nagbment  of  surds,  see  also  the  numerous  authors  upon 
Algebra. 

SURFACE,  in  Geometry.    See  Supkrficiss. 

A  Mathematical  Surface  is  the  mere  exterior  face 
of  a  body,  but  is  not  any  part  of  it,  being  of  no  thickness, 
'  but  only  the  bare  figure  or  termination  of  the  body. 

A  Pkyiical  Si/RFACE  is  considered  as  of  some  very 
small  thickness. 

SURSOLID,  in  Arithmetic,  the  5th  power  of  a  num- 
ber, considered  as  a  root.     The  number  2,  for  instance, 
considered  as  a  root,  produces  the  powers  thus : 
2  ^3  the  root  or  1st  power, 

2  X     2  =:     4  the  square  or  2d  power, 
2  X     4  =      8   the  cube  or  3d  power, 
2  X     8  =   16  the  biquadratic  or  4th  power, 
2  X   16  =  32   lhesursolidOr-5lh  power. 

SuEsoLiD  Problem,  is  that  which  cannot  be  resolved 
but  by  curves  of  a  higher  kind  than  the  conic  sections. 

SURVEYING,  the  art  of  measuring  land  ;  which  com- 
prises the  three  following  parts  ;  viz,  taking  the  dimen- 
sions of  any  tract  or  piece  of  ground ;  the  delineating  or 


,  Google 


Uyiiig  it  down  in  a  map  or  draught ;  and  finding  the  su-    areas  or  contents  of  these  several  figures,  and  adding 
i-rficial  content  or  area  of  the  same ;  besides  the  dividing     them  together, 


and  laying  out  of  lands.  The  first  of  these  is  what 
properly  called  Surveying;  the  second  is  called  plotting, 
or  protracting,  or  mapping;  and  the  third  casting  up,  or 
computing  the  contents. 

The  first  again  consists  of  two  parts,  the  making  of  ob- 
servations for  the  angles,  and  the  taking  of  lineal  mea- 
■ures  for  the  distances.  The  former  of  these  is  performed 
by  some  of  the  following  instruments;  the  theodolite, 
circumlervnlor,  semicircle,  plain-table,  or  compass,  or 
e\en  by  the  chain  itself;  the  Iniicris  performed  by  means 
either  of  the  chain,  or  Ae  perambulator.  Tlie  descrip- 
tion and  manner  of  using  each  of  these,  see  under  its 
respective  article. 

■       -o  take  the  anglr-  -'•■-'•  ''•" 


bounding  lines  ftirm  wiih  the  i 


:edle, 


Tlie  Practice  <if  Suna/ing. 

1,  Land  is  measured  with  a  chain,  called  Gonter's 
chain,  of  4  poles  or  2S  yards  in  length,  which  consists  of 
100  equal  links,  each  link  being  ./oV  of  a  jard,  or  yV*,  of 
a  fool,  or  7'9Z  inches  long,  that  is  nearly  8  inches  or  |  of 
a  foot. 

Ad  acre  of  land  is  equal  to  10  square  chains,  that  is, 
10  chains  in  length  and  1  chain  in  hreadlh. 

Or  it  is      40    X        4  or        l6o  square  poles. 

Or  it  is    230    x      22  or      4840  square  yards. 

Or  it  is  1000    x    100  or  100000  square  links. 
Thcs6  being  all  the  same  quantjly. 

Also,  an  acre  is  dividi-d  into  4  parts  called  roods,  and 

rood  into  40  parts  called  perches,- which  are  square 


to  check^lhe  anijlea  of  the  figuie,  and  to  plot  them  con- 
veniently afterwards.  But,  as  the  diflerencc  betwcrt^e 
true  and  masneiic  meridian  perpetually  varies  in"H 
places,  and  at  all  times ;  it  is  impossible  to  compare  two 
surveys  of  the  same  place,  Inken  at  distant  times,  by 
magnetic  instruments,  wiihout  making  due  allowance  fur 
this  variation.  Sec  observations  ou.this  subject,  by  Mr. 
Molineux,  Philos.  Trans.  No.  230,  pa.  625. 

The  second  branch  of  surveying  is  performed  by  means 
of  ih^  protractor,  and  plotting  scale.  The  description  of 
which,  see  under  thrir  proper  names. 

If  the  lands  in  the  survey  are  hilly,  and  not  in  any  one 
plane,  the  mensurid  lines  cannot  be  truly  laid  down  on 
paper,  till  they  are  reduced  to  one  plane,  which  must  be 
the  horizontal  one,  because  ungU-s  are  taken  in  that  plane. 
And  in  this  case,  when  observing  distant  objects,  for  their 
elevation  or  depression,  -the  following  tabic  shows  the 
links  or  parts  to  be  subtracted  from  each  chain  in  the 
hypothenusal  line,  when  the  angle  is  the  corresponding 
number  of  degrees. 
A  Table  »/  the  links  to  he  tubtracted  out  </  etvty  chain 

in  kypollteTiiaal  line.i,   of  several   degrees   qf  attitude  or 

depression,  for'  reducing  them  to  horizontal. 


order     poles,  or  the  square  of  a  pole  of  b\  yards  long,  i 
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16 
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12§chaii-,  --  .J  „ 

is  after  the  rate  of  almost  two  links  per  chain,  and  it  will 
be  exact  enough  to  take  only  the  12  chains  at  that  rate, 
which  make  24  links  in  all,  to  be  deducted  from  1250, 
which  leaves  1226  linjis,  for  the  length  to  be  laid  down. 
Practical  surveyors  say,  it  is  best  to  make  this  deduction 
at  the  end  of  every  chain-length  while  measuring,  by 


■hilc  measurin;^. 

drawmg  the  chain  forward  every  time  as  much  as  the  de-  mark  the  end  of  every  chi 

ductiuti   is;    viz,  in  the  present  instance,  drawing   the  And  sometimes  pickets, 

chain  on  2  links  at  each  chain-length.  — ' "-■-"'"  "'  ■''■' 

The  third  branch  of  surveying,  namely  computing  thi 
contents,  is  performed  by  reducing  the  several 


of  i  of  a  chain,  or  of  25  links,  which  is  625 
square  links.     So  that  the  divisions  of  land  measure  will 

625  st|.  links  =  1  pole  ox  perch 
•40  perches    =  1  rood 
4  roods        =   1  acre. 

The  length  of  lines,  measured  with  a  chain,  are  set 
down  in  links  as  integers,  every  chain  in  length  being  100 
links;  and  not  in  chains  pnd  decimals.  Therefore,  after' 
the  content  is  found,  it  will  be  in  square  links ;  then  cut 
off  five  figures  on  the  right  hand  fordecimals,  and  the  rest 
will  be  acres.  Those  decimals  are  then  in ulu plied  by 
4  for  roods,  and  the  decimals  of  these  again  by  40  for 
perches. 

2.  Among  the  various  instruments  for  surveying,  the 
plain-table  is  the  easiest  and  most  generally  uselul,  espe. 
cially  in  crooked  difficult  places,  as  in  a  town  among 
houses,  &c.  Yet  there  are  cases  in  which  this  ciinnut  be 
conveniently  used,  as  different  surveys  require  different 
instruments,  and  the  surveyor  must  judge  which  is  the 
fittest  instrument  and  method,  and  use  it  accordingly: 
nay,  sometimes  no  instrument  at  all,  but  barely  the  chain 
itself,  is  the  best  method,  particularly  in  regular  open 
fields  lying  together;  and  even  when  using  the  plain-table, 
it  is  often  of  advantage  to  measure  such  large  open  parts 
with  the  chain  only,  and  from  tbo^e  meustires  lay  them 
down  upim  the  table. 

The  perambulator  is  used  for  measuring  rueds,  and 
other  great  distances  on  level  ground,  and  by  the  sides  of 
rivers.  It  has  a  wheel  of  8}  feet,  or  half  a  pole,  in  cir- 
cumference, upon  which  the  machine  turns;  and  the  di- 
stance measured  is  pointed  out  by  an  index,  which  is 
moved  round  by  clock  work. 

lievels,  with  telescopic  or  other  sights,  ate  used  to  find 
the  level  between  place  and  place,  or  how  much  one  place 
is  higher  or  lower  than  antitber. 

An  ofTset-slaff  is  a  very  useful  and  necessary  instru- 
ment, for  measuring  the  offsets  and  other  short  distances. 
It  is  10  links  in  length,  being  divided  and  marked  at  each 
of  the  10  links. 

II  arrows,  or  rods  of  iron  or  wood,  are  used  to 
measuring  lines, 
gs,  are  set  up  as 
marks  or. objects  of  direction. 

Various  scales  are  also  used  in  protracting  and  mea- 
suring on  the  plan  or  paper;  such  as  plane  scales,  line  of 


and  divisions  into  triangles,  trapeziums,  and  parallelo-    chords,  protractor,  compasses,  reducing  scales,  parallel 
grains,  but  especially  the  two  former ;  then  finding  the    and  perpendicular  rulers,  &c.     Of  plane  scales,  there 
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iliould  be  several  sizes,  -m  a  chain  Jii  1  inch,  a  chain  in  i  "  This  grand  triangle  being  completed,  and  laid  dowD 

of  an  inch,  a  chain  in  {  of  an  inch.  Sec.     And  of  these,  on  the  rougb-plan  paper,  ihe  paria,  exterior  as  well  as 

the  best  for  use  are  those  that  arc  laid  on  the  very  edges  interior,  are  to  be  completed   by  smallet  triangles  and 

of  the  ivory  scale,  to  prick  off  distances    by,  without  trapeioids. 

compasses.  "  When  the  whole  plan  is  laid  down  on  paper,  the 

3.  Tie  Field  Book.  contents  of  each  field  might  lie  calculated  by  the  methods 

In  surveying  with  the  plain-table,  a  field-book  is  not  laid  down  below  in  mensuration, 

used,  as  every  thing  is  drawn  on  the  table  immediately  "  In  count  rite  where  the  lands  are  enclosed  with  high 

when  it  is  measured.     But  jn  surveying  with  the  theodo-  hedges,  and  where  many  lanes  pass  through  au  estate,  a 

lite,  or  any  other  instrument,  some  kind  of  a  field-book ,  theodolite  may  be  used  to  advouiage,  in  measuring  tbo 

must  be  used,  to  write  down  in  it  a  register  or  account  of  angles  of  such  lands;  by  which  means,  a  kind  of  skeleton 

all  that  is  done  and  occurs  relative  to  the  survey  in  hand,  of  the  estate  may  be  obtained,  and  the  lane-lines  serve  aa 

And  this  book  every  one  contrives  and  rules  as  he  thinks  the  bases  of  such  triangles  and  trapezoids  at  are  necessary 

fittest  for  himself.  to  fill  i^p  to  the  interior  parts." 

But  a  few  skilful  surveyors  now  make  use  of  a  new  me-  The  method  of  measuring  the  other  cross  lines,  off-sets 

thod  for  the  field-book,  namely,  beginning  at  the  bottom  and  interior  parts  and  enclosures,  appears  in  the  plan, 

uf  the  page  and  writing  upwiirds;  by  which  they  sketch  a  fig.  1,  last  referred  to. 

neat  boundary  on  either  hand,  as  they  pass  it ;  an  example  l6.  Another  ingenious  correspondent  (Mr.  John  Rod- 

*  uf  which  will  be  given  below,  with  the  plan  uf  the  ground  ham  of  Richmond,  Yorkshire)  has  also  communicated 

to  accompany  it.    '  the  following  example  of  the  new  method  of  surveying, 

■  In  smaller  surveys  and  measurements,  a  good  way  of  accompanied    by    the  field-book,  and  its   corresponding 

setting  down  the  work,  is,  (o  draw,  by  the  eye,  on  a  piece  plan.     His  account  of  the  method  is  as  follot 


of  paper,  a  figure  resembling  that  which  is  to  be  measured 
and  so  write  the  dimensions,  as  they  are  found,  against 
the  corresponding  parts  of  the  figure.  And  this  method 
may  be  practised  to  a  considerable  extent,  even  in  the 
larger  surveys. 

For  all  the  parts  of  surveying,  and  with  all  the  instru- 
ments, see  my  large  book  on  Mensuratipn;  also  my 
Course  of  Mathematics. 

T%e  New  Method  o/ Surveying. 

Instead  of  the  foregoing  method,  an  ingenious  friend 
(Mr.  Abraham  Crocker),  after  mentioning  the  new  and 
improved  method  of  keeping  the  field-book  by  writing  from 
bottom  to  top  of  tht!  pages,  observes  that,  "  In  the  former 


'The  field-book  is  ruled  into  three  columns.  In  the 
middle  one  are  set  down  the  distances  on  the  chain  line  at 
which  any  mark,  o%«t,  or  other  observation  is  made  ;  and 
in  the  right  and  left  hand  columns  are  entered,  the  o^ts 
and  observations  made  on  the  right  and  left  hand  respec- 
tively of  the  chain  line. 

It  is  of  great  advantage,  both  for  brevity  and  perspi- 
cuity, to  begin  at  the  bottom  of  the  leaf  and  write  up* 
wards ;  denoting  the  crossing  of  fences,  by  lines  drawn 
across  the  middle  column,  or  only  a  part  of  such  a  line 
on  Ihe  right  and  left  opposite  the  figures,  to  avoid  confu- 
sion, and  the  comers  of  fields,  and  other  rcroarkaJile 
turns  in  the  fences  where  ofisets  are  taken  to,  by  linei 


method  of  measuring  a  large  estate,  the  accuracy  of  it  joining  in  the  manner  the  fences  do,  as  will  be  best  seen 
depends  on  the  correctness  of  the  instruments  used  in  by  comparing  the  book  with  the  plan  aonexcd,  fig.  2, 
taking  the  angles.     To  avoid  the  errors  incident  to  such  a     pi.  34. 

multitudeofangles,  other  methods  have  of  late  years  been  The  marks  csjled  a,b,  Cj  &c,  are  beat  made  in  the 
used  by  some  few  skilful  surveyors ;  the  most  practical,  fields,  by  making  a  small  hole  with  a  spade,  and  a  chip 
expeditious,  and  correct,  seems  to  be  the  following.  or  small  bit  of  wood,  with  the  particular  letter  upon  it, 

"As  was  advised  in  former  methods,  so  in  this,  nay  be  put  in,  to  prevent  one  mark  being  takenfor  ano- 
choosB  two  or  more  eminences,  as  grand  stations,  and  ther,  on  any  return  to  it.  But  in  general,  the  name  of  a 
measure  a  principal  base  line  from  one  station  to  the  mark  is  very  easily  had  by  referring  in  the  book  to  the  line 
other,  noting  every  hedge,  brook,  or  other  remarkable     itwasmadein.     After  the  small  alphabet  is  gone  through, 

the  capitals  may  be  next,  the  print  letters  afterwards, 
and  BO  on,  which  answer  the  purpose  of  so  many  different 
letters;  or  the  marks  may  be  numbered. 

The  letter  in  the  left  hand  comer  at  the  beginning  of 
">  some  remarkable  object  situated  towards  the  sides  of     every  line,  is  the  mark  or  place  measured   from ;  and, 


object  as  you  pass  by  it ;  measuring  also  such  short  per 
pendicular  lines  to  such  bends  of  hedges  as  may  be  near  at 
hand.  From  the  extremities  of  this  base  line,  or  from 
any  convenient  parts  of  the  same,  go  off  with  other  lines 


the  estate,  without  regarding  the  angles  they  mftke  with 
the  base  line  or  with  one  another  ;  still  remembering  to 
note  every  hedge,  brook  or  other  object  that  you  pass  by. 
These  lines,  when  laid  down  by  intersections,  will  with 
the  base  Une  form  a  grand  triangle  upon  the  estate 
veral  of  which,  if  need  be,  bdng  thi      •  ■ '    • 
may  proceed  to  form  other  smaller  t 
zoids  on  the  sides  of  the  former:  and  so  on,  until  you 
finish  with  the  enclosures  individually. 

"  To  illustrate  this  excellent  method,  let  us  take  ab 
(in  the  plan  of  an  estate,  fig.  1,  pi.  34)  for  the  principal 
base  line,"  From  n  go  off  to  the  tree  at  c  ;  noting  down, 
in  the  field-bonk,  every  cross  hedge,. os  you  measure  on; 
and  from  c  measure  back  to  the  first  station  at  A,  noting 
down  every  thing  as  before  directed. 


that  at  the  right  hand  corner  at  the  cud,  is  the  mark  mea- 
sured to.  But  (>hen  it  is  not  convenient  to  go  exactly 
from  a  mark,  the  place  measured  from,  is  described  such 
a  distance  from  one  mari:  towards  another  ;  and  where  a 
mark  is  not  measured  to,  the  exact  place  is  ascertained 
laid  down,  you  by  saying,  luru  to  the  right  or  left  hand,  such  a  distance 
gles  and  trape-  to  such  a  mark,  it  being  always  undertood  that  those 
distances  arc  taken  in  the  chain  line. 

The  characters  used,  are  r  for  turn  to  the  right  band, 
—J  ior  turn  to  the  left  hand,  and  a  placed  over  an  offset, 
to  jhow  that  it  is  not  takeh  at  angles  with  tbe  chain  line, 
but  in  the  line  with  some  straight  fence;  being  chiefly 
used  when  crossing  their  directions,  and  is  a  better  way 
of  obtaining  their  true  places  than  by  offsets  at  right 
a  ogles. 

3P2. 
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Wh«n  K  line  is  rorssuTed  whoie  position  i)  i1etertn!ned,    this  m«ai|s,  two  a 


S  UR 


gles  end  one  side  are  given,  in  every 
triangle,  from  whence  the  situation  of  evqry  pari  of  ihent 
will  be  known.  By  suih  ubservaciuiig,  when  carctully 
made  with  good  instruments,  the  ailualion  of  placca  may 
be  easily  determined  to  20  or  30  feet,  or  less,  upon  every 
3  or  4  miles.  See  Philos.  Trans,  vol.55,  pa.  70;  also 
Mackeiiiie's  Maritime  Surveying, 

SuEVEYJNO  OoM.     See  Ckoss. 

SURVBYIHO  Quadrant.      !See  QUADKAKT. 

StJRVEriNG  &iife,  the  same  with  Reducing  Scak. 

SunvETiHG  Wheel.  See  pEaAUBULAToa. 
When  a  loose  line  is  measured,  it  becomes  absolutely  SURVIVORSHIP,  the  doctrine  of  Reversionary  pay- 
necessary  to  mea^iure  some  other  line  that  will  determine  ments  that  depend  upon  certain  contingencies,  or  coniin- 
its  position.  Thus,  the  first  line  ah,  being  the  base  of  a  gent  circurostancis.  Payments  which  are  not  to  he  made 
triple,  is  ultrays  determined  ;  hut  the  posiliou  of  the  till  some  future  period,  are  termed  reversions,  to  dbtin- 
second  side  kj,  docs  nut  becoroe  determined,  till  the  third  guish  them  from^aymcnis  that  are  to  be  made  imme- 
aAejb  is  measured  ;  then  the  triangle  may  he  constructed,     diately. 


tiihcr  by  former  work  (as  in  the  case  of  pro 
line  ur  measuring  from  one  known  place  or  mark  to  ano 
tber)  or  by  itaell'  (as  in  the  third  side  of  a  triangle)  it  It 
called  a  fust  line,  and  a  double  line  across  the  book  ii 
drawn  ai  the  conclubiun  of  it ;  bur  if  its  poirliion  is  noi 
determined  (as  in  ihe  si-cond  side  of  a  triungle)  it  is  called 
a  loo*e  line,  and  a  single  line  is  drawn  across  the  hook. 
When  a  lint  becomes  determined  in  position,  and  is  aftrr-. 
wards  continued,  a  double  lit>e  half  through  the  book  is 

s  measured,  it  becomes  absolutely 


ind  the  position  of  both  is  determined, 

At  the  beginning  of  a  hne,  to  tiii  a  loose  li 
or  place  measured  from,  the  sign  of  turning  to. the  : 
or  left  hand  must  he  added  (as  at  j  in  the  third   li 
otherwise  a  stranger,  when  laying  down  the  work  mt 
easily  conati  .     .  ■. 


Reversions  are  either  certain  or  contingent.     Of  the 

ibe  mark  former  sort,  are  all  sums  or  uiknuities,  payable  certainly 

'ight  or  absoli^tely  at  the  expiration  of  any  terms,  or  on  the 

ne);  extinction  of  any  lives.     And  of  the  latter  son,  arc  all 

y  as  such  reversions  as  depend  on  any  contingency;  and  par- 

the  triangle  iijb  on  the  wrong  side  of  the  ticulariy  the  survivorship  of  any   lives  beyond  or  after 

hut   this  error   cannot   be  other  lives.     An   account   of  the   former  miiy  be  found 


fallen  into,  if  the  sign  above  named  be  carefully  observed. 

In  choosing  a  line  to  fix  a  loose  one,  carcmust  betaken 
that  it  docs  not  make  a  very  acute  or  obtuse  angle  ;  as  in 
the  triangle  psr,  by  the  angle  at  B  being  very  obtuse,  a 
■mall  deviation  from  truth,  even  the  breadth  of  a  point  at 
p  or  r,  would  make  the  error  at  B  when  constructed  very 
considerable;  but  by  constructing  the  triangle  pBj,  such 
a  deviatiun  is  of  no  consequence. 

Where  the  words  leave  off  are  written  in  the  field-book, 
it  is  to  signify  that  the  taking  of  oSsets  is  from  thence  dis- 
continued; and  of  courU  something 
that  «nd  the  next  olfsct. 

The  field-book  above  referred  to,  i 


ider  the  articles  Assura 
ties.     But  the  latter  forn 

pari  of  the  doctrine  of  reversions  and  life-annuities;  and 
Ihe  books  in  which  this  subject  is  treated  most  -at  large, 
and  at  the  same  time  with  i^e  most  precision,  are  Mr. 
Simpson's  Select  Lxcrcises;  Dr.  Price's  Reversionary  Pay- 
ments ;  Mr.  Morgan's  Annuities  and  Assurances  on  Lives 
and  Survivorships;  and  Mr.  Bayly's  Annuities.  The  whole 
likewise  of  the  3d  volume  of  Dodson's  Mathematical  Re- 
pository is  on  this  subject ;  but  his  investigations  are 
BQtiDg  between  '  founded  on  Demoivre's  false  hypothesis,  viz,  of  an  ctjual 
decrement  of  life  through  all  Us  stages,  and  which  is  ex- 
graved  on  plate  plained  nnder  Life- annuities  :  but  as  this  hypothesis  does 
35,  in  four  parts,  representing  so  many  pages,  each  of  not  agree  near  enough  to  fact  and 'experience,  the  rules 
which  is  supposed  to  begin  at  the  bottom,  and  end  at  top.  deduced  from  it  cannot  be  sufficiently  correct.  For  tUii 
And  the  map  or  plan  belonging  to  it,  in  fig.  2,  pi.  34.  reason.  Dr.  Price,  and  also  Mr.  Maseres,  cursitor  baron 

Surveying  qf  Harbourt,  of  the  exchequer  (in  two  volumes  lately  published,  emi- 

The method  of  surveyingharboum,  and  of  forroingmaps  tied  the  Principles  of  the  Doctrine  of  Life  Annuities), 
of  thcra,  as  also  of  the  adjacent  coasts,  sands',  &c,  de-  have  discarded  the  valuations  of  lives  founded  upon  it; 
pends  on  the  same  principles,  and  is  chiefly  conducted  and  the  former  in  particular,  in  order  to  obviate  ail  occa- 
'  like  that  of  common  surveying.  The  operation  is  indeed  sion  for  using  them,  has  substituted  in  their  siead,  a  great 
more  complicated  and  laborious;  as  it  is  necessary  to  variety  of  new  tables  of  the  probabilities  and  values  of 
«rcct  a  number  of  signals,  and  to  mark  a  variety  of  objects  lives,  at  every  age  and  in  every  situation  ;  calculated,  not 
along  the  coast,  with  different  bearings  from  one  another,  upon  any  hypothesis,  hut  in  strict  conformity  to  the  best 
ral  parts  of  the  harbour;  and  likewise  to     observations.     These  tables,  added  to  other  new  tables  of 


and    th 

measure  a  great  number  of  angles  at  ditfere»t 
whether  on  the  land  or  the  water.     For  this  purpose,  thi 
best  instrument  is  Hadley's  quadrant,  as  all  these  opera- 


the  same  kind,  in  M  r.  Baron  Maseres'e  work  just  mentioned, 
form  a  complete  set  of  tables,  by  which  all  questions  re- 
lating to  annuities  on  lives  and  aurvivorsbips,  may  be  an- 


ti-n^  may  be  performed  by  it,  not  only  with  greater  ease,  swered  with  as  much  correctness  as  the  itature  of  the  sub- 
but  also  with  much  more  precision,  than  can  be  hoped  ject  admits  of.  '' 
for  by  any  other  means  ;  as  it  is  the  only  instrument  in  Rules  for  calculating  correctly,  in  most  cases,  ihc  values 
Use,  in  which  m^ither  the  exactness  of  the  observations,  of  reversions  depending  on  survivorships,  may  be  ibund  in 
n  r  the  ease  with  which  they  may  be  made,  are  sensibly  the  several  treatises  just  mentioned.  Mr.  Morgan,  in  par- 
affected  by  the  motion  of  a  vessel ;  and  hence  a  single  ob-  ticular,  has  gone  a  good  way  towards,  exhausting  this  sub- 
server,  in  a  b!>at,  may  generally  determine  the  situation  jeci,  as  far  as  any  questions  can  include  in  them  any  sur- 
of  uny  place  at  pleasure,  with  a  sufHcient  degree  of  exact-  vivorships  between  two  or  three  lives,  either  for  terms,  or 
ness,   by  taking  the  angles  subtended  by  several  pairs  of  the  whole  duration  of  the  lives. 

objects  properly  chosen  upon  shores  at  difierent  places  There  is,  however,  one  circumstance  necessaij-  to  be 

about  him;  but  it  will  he  still  better  to  have  two  observers,  attended  lo  in  calculating  such  values,  to  which  no  regard 

or  Ihe  same  observer  at  different  siatiiins,  to  take  the  like  could  be  paid  till  lately.    This  circumstance  is  the  shorter 

angles  to  the  several  objects,  and  also  to  tlie  slatiOos.    By  duration  of  the'  lives  of  maUs  than  of  females  ;  and  ihr 
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tODSPqaent  advantage  in  favour  of  feinaleB  in  all  cam  of 
survivorsfaip.     In  the  4ih  edition  of  Dr.  Price's  Tieatise     only 
on  H^veniunary  Payments,  ihit  fact  is  not  only  ascec-         bi 
lained,  but  separate  tables  of  the  duration  and  values  of 
lives  arc  given  for  malei  and  females. 

SUSPENSION,  in  Mi^chanics,  a>  in  a  barance,  are 
those  points  in  the  uxis  or  beam  where  the  weights  are 
applied,  or  from  which  they  are  suspciideil, 

SUTTON's  Uuadraiu.     See  QtJADaaNT. 

SWAN,  in  Aalronomy,     SceCveHi7s. 

SWALLOWs-Tail,  in  Fortification,  isa  singlctrnaille,     the  qi 
which  U  narrower  towards  the  place  than  towards  the 
country.. 

SWANPAN,  or  CAtncM^iiifiu,  an  instrument  for  per-  o|iposed 
forming  arithmetical  operations,  described  by  Du  Halde  thod,  wi 
in  his  History  of  China.     See  Abacus. 

SWING-H'Afe/,  in  a  royal  pendulum,  is  that  wheel 
which  drives  the  pendulum.  In  a  watch,  or  balance 
clock,  itis  called  the  craam-Viheel. 

SYDEREAL  Day,  or  Year.     See  Sidzeeal.  . 

SYMMETRY,  the  relation  of  parity,  l}uih  in  rrsiicct 
of  length,  breadth,  nnd  heigh),  of  the  parts  necessary  Co 
compose  a  beuulitui  whole.  Symmetry  arises  from  that  rems  &c, 
proportion  which  the  Greeks  call  analogy,  which  is  the  re-  others. 
Ution  of  conformity  of  all  the'  parts  of  a  building,  and  uf 
the  whole,  to  some  certain  measure;  Upon  which  depends 
the  nature  of  symmetry. 

According  to  Vitruvius,  symmetry  consists  in  the  union 
and  conformity  of  the  several  members  of  a  work  to  their 
whole,  and  of  the  beauty  of 
I  that  of  the  entire  work; 


itb  the  first  of  the  foIlowiii|  raeasarej  so  as'  to  make 


e  of.  hoih. 


also  used  when  a  note  of  one  part  ends 
on  [he  middle  of  a  note  of  the  other  part.  This  is  other- 
wise called  binding. 

SYNODICAL  Month,  is  the  period  or  interval  of  time 
in  which  the  moon  passes  from  one  conjunction  with  the 
sun  to  another.  This  period  is  also  called  a  Lunation, 
since  in  this  period  the  moon  pula  on  all  her  phases,  or 
appearances,  as  to  increase  and  decrease. — Kepler  found 
liy  of  ihe  wean  synodical  month  to  be  29  days, 
!  Iirs.  44  min.  3  sec.  1 1  thirds. 

SYNTHESIS,  denote?  a  method  of  composition,   as 
iialysis.     In  the  synthesis,  or  synthetic  me- 
rsue  the  truth  by  reasons  drawn  from  prin- 
ciples before  established,  or  assumed,  and  propositions 
formerly  proved  ;  thus  proceeding  by  s  regular  chain  till 
we  come  to  the  conclusion;  and  hence  called  also  the 
direct  method,  and  composition,  in  opposition  to  analysis 
or  resolution.     Such  is  the  method  in  Euclid's  Elements, 
and  most  demonstrations  of  the  ancient  mathematicians, 
proceed  from  definitions  and  axioms,  to  prove  theo- 
md  from  ihose  theorems  proied,  to  demonstrate 
otbers.     aee  Analisis. 

, .  SYNTHETICAL  Method,  the  method  by  synthesis,  or 
composijtion,  or  the  direct  method.    See  Synthesis. 
SYPHON.     SeeSiPHOH. 

SYRINGE,  in  Hydraulics,  a  small  simple  machine, 

serving  first  to  imbibe  or  suck  in  a  quantity  of  water,  or 

ich  of  the  separate  parts    other  fluid,  and  then  to  expel  the  same  with  violence  in 

gam  being  had  lo  some    a  small  jet.    The  syringe  is  a  small  single  sucking  pump, 


:  so  the  body,  for  instance,  is  framed  wiihoul 
with  symmetry,  by  the  due  relation  which  the  arm,  principlt 
elbow,  hand,  fingers,  &c,    have  to  each  other,  and   to     with  an 


SYMPHONY, 


H  consonance  or  c 


t   of  SI 


sounds  agreeable  to  the  car  ;   whether  they  he  vocal  or  in- 
strumental, or  both;  called  also  harmony.      Th 
phony  of  the  ancients  went  no  f:irthcr  Chan  to  two  i 
voices  or  instruments  sec  lu' unison  ;  for  ihey  had  i 
thing  as  music  in  parts;  as  is  very  well  proved  by  Per- 


rault:  at  least, 

have  been  lost  very  early, 

ItistoGuido  Areiine,  about  the  year  1023,  that  most 
writers  agree  in  ascribing  the  invenjion  of  composition  :  it 
was  he,  they  say,  who  first  joined  in  one  harmony  several 
distinct  mflodies;  and  brought  it  even  to  the  length  of 
4  parts,  viz,  bass,  tenor,  counter-tenor,  and  irebic. 

The  term  symphony  is  now  applied  to  inslnimental 
music,  both  that  of  pieces  designed  only  fur  instruments, 
as  sonatas  and  concertns,  and  ib^t  in  which  the  inslru- 
inentE-arc  accompanied  with  the  voice,  as  in  operas,  &c. 
A  piece  is  said  to  be  in  grand  symphony,  when,  Iresidi 
the  bass  and  treble,  if  has  ah 
parts,   viz,  lenor  and  5th  of  thi 


■ater  ascending  in  it  on  the  : 
ll  consists,  like  (he  pump,  of  a  email  cylinder, 
bolus  or  sucker,  moving  up  and  down  in  it  by 
means  ol  a  handle,  and  filling  it  very  close  within.  At 
the  lower  end  is  eiihcf  a  small  hole,  or  a  smaller  tube 
fixed  to  it  than  the  body  of  the  instrument,  through  which 
thcfluid  or  the  water  is  drawn  up,  and  squirted  uDt  again. 
Thisasceniof  the  water  the  ancients,  who  supposed  a 
plenum,  attributed  to  nature's  abhorrence  of  a  vacuum; 
The  modems,  mort  reasonably,  as  well  us  more  in- 


tbcy  knen  such  a  thing,  it  must     telligibly,  attribute  it  to  the  pressure  of  the  atmosphcr 

the  exCerioi^  surface  of  the  fluid.  For,  by  drawing  up  the 
embolus,  the  cavity  of  ihe  cylinder  would  become  a  va- 
cuum, or  the  air  left  there  extremely  rarefied  ;  so  that 
being  no  longera  counterbalance  to  the  air  incumbent  ou 
the  surface  of  the  fluid,  this  prevails,  and  forces  the  water 
through  the  little  lube,  or  hole,  up  into  the  body  of  the 
syringe. 

SYSTEM,  in  a  general  sense,  dcnoles  an  assemblage 
or  chain  of  principles  and  conclusions :  or  the  whole  of 
any  doctrine,  the  several  parts  of  which  are  bound   toge- 
ther, and   follow  or  depend  on  each  other:  as  a  syslem 
two  other  instrumental     of  astronomy,  a  system  of  planets,  a  system  of  philosophy, 

iystem  of  n     ' 


SYNCHRONISM,  the  being  or  happening  of  several         System,  in  Astronomy,  denotes  an  hypothesis  i 
things  together,  at  or  in  the  same  time.     The  happening     position  of  a  certain  order  and  arrangement  of  the  u 


ning  of  several  things  in  equal  tii 
brations  of  pendulums,  &c,  is  more  properly  called  iso- 
chronism  ;  though  some  authors  confound  the  two. 

SYNCOPATION,  in  Music,  is  a  striking  or  breaking 
of  the  time  ;  by  which  the  distinctness  of  the  several  limes 
or  parts  of  the  measure  is  interrupted. 

Syncopation,  orSyNcoPE,  is  m< 
for  the  connecting  the/last  note'  uf  ( 


ral 


parts  of  the  universe;  by  which  astronomers  explain  all 

the  phenomena  or  appearances  of  the  heavenly  bodies, 

their  motiotis,  changes,  &c.    This  is  more  peculiarly  called 

the  System  of  the  world,  and  sometimes  the  Solar  System. 

System  and  liypolhesis  have  much  (hes.imesignificatinn; 

unless  perhaps  hypuihrsis  be  a  more  particularsysiem,  and 

particularly  used     system  a  more  general  hypothesis.     Some  late  authors  in- 

measure  or  bar     deed  make  another  distinction :  an  hypothesis,  say  they. 
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b  a  mere  supposition  or  Action,  founded  rafter  on  iroagi- 
nation  llian  roasou  ;  while  a  system  is  built  on  the  firmest 
ground,  and  raised  by  the  severest  rules ;  it  is  founded  un 
astronomical  observations,  and  physical  causes,  and  con- 
firmed by  geometrical  dtmutist rations. 

The  most  celebrated  systems  of  the  world,  are  the  Pto- 
lemaic, theCopcrnican  or  Pythagorean,  and  iheTychonic  : 
the  economy  of  each  of  which  is  as  foUons. 

Ptolemaic  System  is  so  called  from  the  celebrated  astro- 
nomer Ptolemy.  In  this  system,  the  earth  is  placed  sC 
rest,  in  the  centre  of  the  universe,  while  the  heavens  arc 
considered  as  revolving  about  it,  from  east  to  west,  and 
carrying  along  with  them  all  the  heavenly  bodies,  the  stars 
■and  planets,  in  the  space  of  24  hours.  The  principal 
assertors  of  this  system,  areAristolle,  Hipparchus,  Ptole- 
my,  and  many  of  the  old  philosophers;  and  indeed  almost 
all  astronomers,  for  a  great  number  of  ages,  supported 
this  system.  But  the  laic  improvements  in  philosophy  and 
reasoning,  have  utterly  exploded  this  erroneous  system 
from  the  place  it  so  long  held  iti  the  minds  of 


e    1  SYZ 

llie  sun  in  thctr  respective  years,  as  the  sun  revnlyea  round 
the  enrtU  in  a  solar  year;  and  all  these  plapeis,  together 
with  the  sun,  are  supposed  to  revolve  round  the  earth  in 
34  hours.  This  hypothesis  was  so  embarrassed  and  per- 
plexed, that  very  few  persons  embraced  it.  It  was  attei> 
v/ariit  altered  by  Longomontauis  and.othen>  who  allnwed 
the  diurnal  motion  of  the  earth  on  its  own  axis,  but  de- 
nied its  annual  motion  -round  the  sun.  This  hypothesis, 
partly  true  and  partly  false,  is  called  the  semi-Tychonic 
system.  See  the  figure  and  economy  of  thesesystems,  in 
plates  36  and  37- 

System,  in  Music,  denotes  a  compound  interval;  or 
an  interval  composed,  or  conceived  to  be  composed  of  Be- 
veral  less  intervals.     Such  is  the  octave,  &c. 

SYSTYLK,  in  Architecture,  the  manner  of  placing  co- 
lumns, where  the  space  belwieen  the  two  fust}  consists  of 
2  diameters,  or  4  modules. 

SYZVGY,  a  term  equally  used  for  the'  conjunction  and 
opposition  of  a  planet  with  the  sun. — On  the  phenomena 
of  the  syzygies,    a  great  part  of  the 


Coptmican  System,  is  that  system  of  the  world  which     lunar  theory  depends.     See  RIoow.     Fcr, 


places  the  sun  at  rest,  "in  the  ccntri:  of  the  world,  and  the 
earth  and  planets  revolving  about  him,  in  their  several 
orbits.  See  this  more  particularly  explained  under  the 
BrticleCopERNiCAir  System. 

Solar  or  Planotan/  System,  is  usually  confined  to  nar- 
rower bouads  ;  the  stars,  by  their  immense  distance,  and 
the  little  relation  they  seem  to  bear  to  us,  being  account- 
ed no  part  of  it.  It  is  highly  probable  that  each  fixed 
^tar  is  itself  a  sun,  and  the  centre  of  a  particular  syste: 


1.  It  is  shown  in  the  physical  astronomy,  that  the  force- 
which  diminishes  the  gravity  of  the  moon  iu  the  syzygies, 
is  double  that  which  increases  it  in  the  quadratures;  so 
that,  in  the  syzygies,  the  gravity  of  the  moon  is  diminished 
by  a'  part  which  is  to  the  whole  gravity,  as  I  to  &9'S6 ; 
for  in  the  quadratures,  the  additiutv  of  gravity  is  to  the 
whole  gravity,  as  I  to  17873. 

2.  In  the  syzygies,  the  disturbing  force  is  directly  as  the 
distaiice  of  the  moon  from  the  earth,  and- inversely  as  the 


surrounded  with  a  coinpany  of  planets  &c,  which,  in  dif-     cube  of  the  distance  of  the  earth  from  the 


And  a 


ferent  periods,  and  at  different  distances,  perform  theii 
courses    round    their  respective   sun,  which  enlighten 
warms,  and  cherishes  them.     Hence  wu  have  a  »ery  roag- 
nificent  idea  of  the  world,  and.thc  immensity  of  it.  Hence 
also  arises  a  kind  of  system  of  systems, 

The  planetary  system,  described  under  the  article  Co-  earth  is  continually  increased,  and  the  i 

FEimiCAN,  is  the  most  ancient  in  the  world.     It  was  first  retarded  in'  her  motion;  but  in 

of  all,  as  far  as  we  know,  introduced  into  Greece  and  Italy  the  quadratures  to  the  syzygies,  her  gravity  is  cur 

by  Pythagoras  ;  from  whom  it  was  called  the  Pythagorean  diminished,  and  the  motion  in  her  orbit  is  accelcr 

System.    It  was  followed  by  Philolaus,  Plato,  Archimedes,  3.  Further,  \n.  the  syzygies,  the  moon's  orbit,  oi 

&c :  but  it  was  lust   under  the  reign  of  the  Peripatetic  round  the  earth,  is  more  convex  than  in  the  quadratures  ; 

philosophy  ;  till  happily  retrieved  about  the  year  1500  by  for  which  reason  she  is  lesk  distant  from  the  earth  at  the 

Copernicus.  former  than  the  latter. — Also,  when  the  moon  is  in  the  sy- 

Tychonic  System,  was  taught  by  Tycho,  a  Dane ;  who  zygiea,  her  apses  go  backward,  or  are  retrograde. — More- 
was  born  an.  dom.  1546.  It  supposes  that  the  earth  is  over,  when  the  moon  is  in  ihe  syzygies,  the  nodes  move  in 
fixed  in  the  centre  of  the  universe  or  firmament  of  stars,  an teccdcntia  fastest;  then  slower  and  slower,  till  they  be- 
and  that  all  the  stars  and  planets  revolve  round  the  earth  come  at  rest  when  the  moon  is  in  the  quadratures. — Lastly, 
in  24  hours ;  but  it  differs  from  the  Ptdemaic  system,  as  when  the  nodes  are  come  to  the  syzygies,  the  inclination 
it  not  only  allows  a  menstrual  motion  to  the  moou  round  of  the  plane  of  the  orbit  is  the  least  of  all. 
the  earth,  and  that  of  the  satellites  about  Jupiter  and  Sa-  However,  these  several  irregularities  are  not  equal  in 
turn,  in  their  proper  periods,  but  it  makes  the  sun  to  be  each  syzygy,  being  all  somewhat  greater  in  the  conjunc- 
Ihe  centre  of  the  orbits  of  the  primary  planets  Mercury,  tion  than  in  the  opposition. 
Venus,  Mars,  Jupiter,  &c,  in  which  they  are  carried  round 


e  syzygies,  the  gravity  of  the  moon  towards  the  earth  re- 
ceding from  its  centre,  is  more  diminished  than  according 
to  the  inverse  ratio  of  the  square  of  the  dtitancc  from  that 
—Hence,  in  the  moon's  motion  frgra  the  syzygies 
to  the  quadratures,  the  gravity  of  the  moon  towards  the 
mtinually 
ition  from 
inually 
ted. 
circuit 
than  in  the  quadra 
s  lesii  disi 


pABLF.,  tn  Architecture,  a  s 


mple  member  or    spectiv 


that  of  a  paiallelogram. 


I  forms,  but  most  commonly  in    jec 


[)lanc,  or  the  transparent  plane  on  wlu'ch  the  ob- 
formed  in  their  respective  appearance. 
of  PythagOTat,\s  the  same  as  the  Miiltiplica 


Table,  in  Perspective,  is  sometimes  used  for  the  per-    tion  table ;  w'hich  ace;  as  also  Pythacoras's  table. 


whici 
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Tables,  in  Mathematics,  are  systems  or  series  oFnum* 
hen,  calculated  to  be  ready  at  hand  for  expediting  calcu- 
lations in  the  various  branches  of  mathematics ;  as,  tables 
of  powere,  or  roots,  of  reciprocals,  of  product!,  &c. 

Astronomical  Ta  b  les,  arc  computations  of  the  motions, 
places,  and  other  plienomenapf  the  planets,  both  primary 
and  secondary.  The  oldest  astronomical  tables  extant  are 
those  of  Ptolemy,  fou^d  in  bis  Almagest.  These  however 
are  not  now  of  much  iise,aa  ihey  nu  longer  agree  with  the 
motions  of  the  heavens. 

In  1252,  Alphonso  XI,  king  of  Castile,  undertook  the 
correcting  of  them,  chiefly  by  theassistance  of  Isaac  Ha- 
srn,  a  learned  Jew  ;  and,spcnt  400,000  crowns  on  the  bu- 
■iiwss.  Tlius  nruse  the  Alphonsine  tables,  to  wliith  that 
prince  himself  prehxed  a  preface.  But  the  deficiency  of 
these  also  was  soon  perceived  by  Purbach  and  Muller,  or 
Regiomonlanus ;  on  whith  the  latter,  and  after  him  VVuU 
ther  Warner*  applied  themselves  to  celestial  observations, 
for  further  improving  them  ;  but  death,  or  various  diQi> 
cullies,  prevented  the  effect  of  these  laudable  designs. 
■Copernicus,  in  his  books  of  the  celestial  revolutions, 
gives  other  tablrs,  calculated  by  himself,  partly  from  his 
own  obbervalions,  and  partly  from  [he  Alphonsine  tables. 

From  Copeinicus'ii  observations  and  theorems,  Erasmus 
Reinhold  afterwards  compih-d  the  Prutenic  tables,  which 
have  been  printed  several  times,  and  in  several  places. 

Tycho  Brahe,  even  in  his  youth,  became  sensible  of 
the  deficiency  of  the  Prutenifi  tables:  which  determined 
liira  to  apply  himself  with  so  much  vigour  to  celestial  ob- 
servations. From  these  he  adjusted  the  motions  of  (he 
sun  anil  moon ;  and  Longumontanus,  from  the  same  ob- 
servations, conslruclfd  tables  of  the  motions  of  the  pla- 
nets, which  he  added  to  the  theories  of  the  same,  pub- 
lished in  his  AStronomia  Danica;  those  being  calleii  the 
Danish  tables.  And  Kepler  aUo,  from  the  same  observa- 
tions, published  in  iQiJ  his  Rudolphine  tables,  which  arc 
much  esti-emed.  , 

These  were  afterwards,  viz,  in  l650,  changed  into  ano- 
ther form,  by  Maria  Cunilia,  whose  astronomical  tiible?, 
comprehending  the  clfect  of  Kepler's  physi»l  hypothesis, 
are  very  easy,  satisfying  all  the  phenomena  wilhout  any 
mention  of  logarithms,  and  with  little  or  no  trouljle  of 
calculation-  So  that  the  Rudolphine  calculus  is  here 
greatly  improved. 

Nic.  Mereator  made  a  similar  attempt  in  his  Astrono- 
mical Institution,  published  in  l676'.  As  did  also  J.  Bap. 
Moiiui,  whose  abridgement  of  the  Rudolphine  tables  was 
pn.'fixed  to  a  Latin  version  of  Street's  Astronomia  Caro- 
lina, published  in  1705.  Lansberg  indeed  endeavoured 
to  discri'dit  the  Rudolphine  tables,  and  framed  perpetual 
tables,  as  he  calls  them,  of  the  heavenly  motions.  But  his 
attempt  was  never  much  regarded  by  the  astronomers; 
and  our  countryman  Horrox  warmly  attacked  him,  in  his 
defence  ofthe  Keplcrian  astronomy. 

Since  the  Rudolphine  tables,  many  others  have  been 
framed,  and  published:  as  the  Philolaic  tables  of  Bul- 
iiald  ;  the  Britannic  Tables  of  Vincent  Wipn,  calculated 
on  Bulliald's  hypothesis;  the  Britannic  tables  of  John 
Newton ;  the  French  ones  of  the  count  Pagan  ;  the  Caro- ' 
line  tables  of  Street, all  calculated  on  Ward's  hypothesis ; 
and  the  Novelmajestic  tables  of  Riccioli.  Among  these, 
however,  the  Philolaic  and-  Caroline  tables  are  esteemed 
the  best;  insomuch  that  Mr.  Whiston,.  by  the  advice  of 
Mr.  Flamstecd,  thought  fit  to  subjoin  the  Caroline  tables 
to  his  aitrgtiomical  lectures. 


The  Ludovictan  tables,  published  in  l^<n,  by  Lahire', 
were  construcieil  wholly  from  bis  own  observations,  and 
without  the  assistance  of  any  hypothesis;  which,  before 
the  invention  of  the  micrometer  telescope  and  the  pendu- 
lum clock,  was  held  impossible. 

Or.  Hulley  also  long  la^ured  to  perfect  another  set  of 
tables ;  which  were  printed  in  171$,  but  not  published  till 
1752. 

M.Monnier,  in  1746,  published,  in  his  Institutions 
Astronomiques,  tables  of  the  motions  of  the  sun  and  moon, 
with  the  satellites ;  as  also  of  refractions,  and  the  places 
ofthe  fixed  stars.  Lnhire  also  published  tabhis  ofthe 
planets,  and  Lacaille  tables  of  the  sun  :  Gael  Morris  pub- 
lished tables  ofthe  sun  and  moon,  and  Mayer  constructed 
tables  of  the  moon,  which  were  published  by  the  board  of 
longitude.  Tables  of  the  same  have  also  been  computed 
by  Charles  Mason,  from  the  principles  of  the  Newtonian 
philosophy,  which  are  found  to  be  very  accurate,  and  are 
employed  in  computing  the  Nautical  Kphfmeris.  Many 
other  sets  of  astronomical  tables  have  also  been  published 
by  various  persons  and  academies;  and  divers  sets  of 
them  may  be  found  in  the  modern  books  of  astronomy, 
navigation,  &c,  of  which  those  are  estcenred  among  the 
best  that  are  printed  in  Lalande's  Astronomy ;  in  Vince's 
Astronomy;  also  Dclambre's,  Burg's,  and  Burckbardc's 
tables,  &c.  For  an  account  of  several,  and  especially 
of  those  published  annually  under  the  direction  of  ihe 
Commissioners  of  longitude,  see  Almakac,  Ephejc ekis, 
and  Longitude. 

for  Tables  o/"(A«  Stan,  see  Catalooux. 

Tables  of  Sina,  Tangmit,  and  Steants,  used  in  trigo- 
nometry, &c,are  usually  called  Canons.     See  Sjne. 

Tables  qf  Logariiims,  R/ruitibt,  Sfc,  used  intri^onome- 
try,  navigation,  &c,  see  Lobakitum,  and  Rhuub. 

Tables,  Loxodromic,  ami  of  Dijitntue  of  Latitude  and 
Departure,  are  tables  used  in  computing  the  way  and  rec- 
koning of  II  ship  on  a  voyage,  and  are  published  in  most 
books  of  navigation. 

TACQUI^T(ANDREw),a  Jesuit  of  Antwerp,  who  died 
in  l66'0.  |]6  was  a  most  laborious  and  voluminous  writer 
in  mathematics.  His  works  were  collected,  and  printed 
at  Antwerp  in  one  lai^e  volume  in  folio,  iMj),  Tacquet 
was  one  of  those  learned  Jesuits  who  chiefly  cultivated  the 
liberal  sciences  in  the  Kith  and  17th  centuries.  Besides 
the  collection  of  his  works  above-mentioned,  he  had  before 
published  very  neat  editions  of  the  Elements  of  Geome- 
try,and  of  Arithmetic,  both  in  8vo.  Id  matters  of  astro- 
nomy, his  fear  of  the  church  censures  seems  to  have  pre- 
vented him  from  more  effectually  defending  the  Coperni- 
can  system  ofthe  world.  A  very  particular  and  satisfaC'- 
tory  account  of  the  collection  of  his  works  may  be  seen  in 
the  Philos.  Trans,  vol.  3,  pa.  868,  or  in  my  A  bridgment, 
vol.  I,pa.314._ 

TACTION,  in  Geometry,  the  same  as  tangency,  or 
touching.,    SeeTANCENT. 

TALUS,  orTALUD,  in  Architecture,  the  in  dine  I  ion  or 
slope  of  a  work ;  as  of  the  outside  of  a  wall,  when  its 
thickness  is  diminished  by  degrees,  as  it  rises  in  height,  to 
make  it  the  firmer. 

Talus,  in  Fortification,  means  also  the  slope  of  a 
work,  whether.of  earth  or  masonry. 

The  Exterior  Tahu  of  a  work,  is  its  slope  on  the  side 
outwards  or  towards  the  country  ;  which  is  always  made 
as  small  ns  possible,  to  prevent  the  enemy's  escalade,  un- 
less the  earth  be  bftd,  tor  then,  it  is  necessary  to  allow  b 
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CooBJdcrabte  talus  for  il«  parapet,  and  som.Ptimea  to  sup- 
port the  earth  with  a  alight  wall,  called  a  revirtement. 

The  Inleiior  Talia  of  a  work,  is  its  slope  un  the  inside, 
towards  the  place.  This  is  larger  (ban  the  former,  and  it 
bas,  at  the  angles  of  the  gorge,  and  sometimes  in  ihe  mid- 
dle of  the  curtains,  ramps,  or  sloping  roads  fur  muuriling 
upon  the  terreplain  of  the  rampart. 

Superior  Talus  o/  the  Parapet,  is  a  slope  OD  the  top 
of  the  parapet,  that  allows  of  the  soldiers  defending  the 
covert'way  with  small-shot,  which  thej-  could  not  do  if  it 

TAMBOUR,  in  Architecture,  u  term  applle<l  lo  the 
Corinthian  and  Composite  capitals,  as  bearing  some  n;- 
Borablance  lo  a  tambour  or  drum. 

TAMUZ,  in  Chronol.igj-,  the  4th  month  of  the  Jewish 
ecclesiastical  year,  answering  to  part  of  our  June  and 
July.  The  17  th  day  of  this  month  is  observed  by  the 
Jews  as  a  fast,  in  memory  of  the  destruction  of  Jerusalem 
by  Nebuchadnezzar,  In  the  llihyear  of  ZcdekJah,  and  the 
58Sth  before  Christ. 

TANGKNCIES  (Problem  oi).  This  general  problem 
in  Geometry  furnishes  the  subject  of  one  of  the  12  trea- 
tises described  by  Pappus  in  the  preface  to  the  7(h  book 
of  his  Mathematical  Collections.  I'he  general  problem  is 
this:  Of  points,  right-lines,  and  circles,  any  three  being 
given ;  to  describe  a  circle  that  shall  pass  through  ihe 
given  points,  and  also  tquch  the  given  lines. 

This  naturally  divides  into  10  distinct  propositions; 
which,  if  the  three  things  be  thus  denot^,  viz,  a  point 
by  the  mark  (  •  ).  ■  '"le  by  (1),  and  a  circle  by  (0), 
may  be  stated  very  briefly  according  to  the  several  data, 
in  the  following  order  :  viz,  (■  ■  i),  (■  1 1),  (110),  (10), 
(100),  (--O),  (-00),  (000),  (■■■),  (HI). 

The  original  treatise  on   this  subject,  by  Apollonios, 
having  been  lost,  the  restoration  of  it  has  lately  been  at-     tbem  ; 
tempted    by  several  persons;    viz,  by  Vieta,  under  the     of  any  curvt 
title  of  Apollonius  Gallus  i  and  many  of  the  deRciencies     be  drawn  ihi 
were  supplied    by  Gheialdus,     AftcrH'ards  the  taciii 
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curve,  &c,  that  is,  which  meets  it 
in  a  point  without  cutting  it,  though 
it  be  produced  both  ways;  as 
the  tangent  ab  of  the  circle  bd. 
The  point  b,  where  the  tangent 
touches  the  curve,  is  called  the 
point  of  contact. 

The  direction  of  a  curve  at  the 
point  of  contact,  is  the  same  as  that  of  the  tangent.     It 
is  de/nonstraied  in  Geometry, 

1.  That  a  tangent  to  a  circle,  as  ab,  is  perpendicular 
to  the  radius  BC  drawn  In  the  point  of  contact. 

2.  The  tangent  ab  is  a  mean  proportional  between  ay 
and  AE,  the  whole  secant  and  the  external  part  of  it ;  and 
the  sume  for  any  other  secant  drawn  from  the  same 
point  a: 

3.  The  two  tangents  ab  and  ad,  drawn  from  ihcsamc 
point  A,  are  always  equal  to  each  other.     And  ihrrrl'ure 

number  of  tangents  be  drawn  to  different  points 
quite  around,  and  an  equal  Ungih  ba  be 


e  restored  by  various  other  mathematicians,  both  geo-  formed  by  them,  then  i 
metrically  and  algebraically.  A  treatise  on  tbem  by  G.  at  theseid  point;  as  Ai 
Camerar  was  published  at  Gotha  and  Anisierd.  in  1795 ; 
but  it  contains  only  an  edition  of  Vieta's  treatise,  with 
notes  and  additions,  and  a  curious  history  of  the  problem. 
The  history  it  interesting,  from  the  accounts  it  contains 
of  the  labours  of  some  foreign  mathematicians  on  this 
problem,  which  are  little  known  in  this  country.  He 
gives  the  preface  and  lemmata  of  the  tactions  in  Greek, 
with  some  various  readings  of  several  manuscripts  of  Pap- 
pus. Though  Vieia's  solutions  are  elegant,  yet  they  are 
in  several  respects  deficient :  there  is  not  a  full  distinction 
«ither  of  the  cases,  or  Of  the  necessary  determinations: 
no  analysis  is  given,  and  no  attempt  to  restore  the  Apol- 
lonian solutions  by  the  use  of  the  lemmata  in  Pappus, 
which  had  been  assumed  in  the  work  of  Apollonius. 

In  the  remaining  papers  of  Dr.  Rob.  Siroson,  it  seems, 
«re  found  solutions  of  some  of  the  cases  of  this  problem. 
Alio  the  treatises  of  Vieta  and  Ghctaldus  have  been 
translated  into  English,  with  the  addition  of  asupplemciit, 
by  the  Rev.  John  Lawson,  and  a  further  addition  of  Fer- 
mat's  Treatise  on  Spherical  Tangencies.  And  Mr.  Les- 
lie has  given,  in  his  Geometfy,  as  examples  of  the  geo- 
metrical analysis,  solutions  lo  many  of  the  cases  of  this 
problem.  Also  Mr.  John  Lawson  published  a  neat  eilitiun, 
in  English,  of  the  two  books  on  Tangencies,  1771,  in  4ta,  ' 

TANGENT,  in  Geometry,  is  a  line  that  touches  a 


of  the  < 

set  olf  upon  each  of  them  from  the  puin 

the  locus  of  all  the  points  a  will  be  a  circle  having  the 

same  centre  c. 

4.  The  angle  of  contact  abb,  formed  at  Ihe  point  of 
contact,  between  the  tangent  ab  and  the  arc  be,  is  less 
than  any  rectilineal  angle  whatever. 

5.  The  tangent  of  an  arc  is  the  right  line  that  limits 
ifac  position  of  all  the  secants  that  can  pass  through  the 
point,  of  contact;  though  strictly  speaking  it  is  not  one 
of  the  secants,  but  only  the  limit  of  them. 

6.  As  a  right  line  is  the  tangent  of  a  circle,  when  it 
touches  the  circle  so  closely,  that  no  right  line  can  be 
drawn  through  the  point  of  coniact  between  it  and  the 
arc,  or  within  the  angle  of  contort  that  is  formed  by 
them  ;  so,  in  grneia),  when  any  right  line  touches  an  arc 

ve,  in  such  a  manner,  ihat  no  right  line  can 
the  point  of  contact,  between  the  right 
or  within  the  angle  of  c 


that  line  the  tangent  of  the  ci 
I  the  figures  below. 


7.  In  alt  the  conic  sections;  if  C  be  the  centre  of  the 
figure,  and  bo  an  ordinatedrawn  frOra 
the  point  of  coniact  and  perpendicu- 
lar to  the  axis;  then  is  cg  :  ce  :  : 
CE ;  CA,  or  the  semia\is  cs  is  a  mean 
proporlionsl  between  CG  and  CA. 

Tangent,  in  Trigonometry.  A 
Tanoekt  qf  an  arc,  is  a  right  line 
touching  one  extremity  of  the  arc, 
and  limited  by  a  secant  or  linedrawn 
through  the  centre  and  the  other  ex- 
tremity of  the  arc 
So,  AG  ii  the  tangent  of  the  arc  ab,  or  of  the  arc  abd  ; 
and  AH  is  tbe  tangent  of  the  arc  Ai,or  of  the  arc  aidk. 

The  same  are  also  the  tangents  of  the  angles  that  are 
subtended  or  measured  by  the  arcs. 

Hence,  l.The  tangents  in  the  Jstaod  3d  quadrants  arc 
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positive,  in  the  Sd  and  4tb  negative,  or  drawn  the  con- 
trary way.  ^But  ofOor  180°  the  semicircle,  the  tangent 
is  0  or  notlung;  while  those  of  90°  or  a  quadtant,  and 
270°  or  3  quadrants,  are  both  infinite;  the  former  jn6> 
niiely  pdsitive,  and  the  latter  infiuitely  negative.    That 

Between  0  and  go'^  '        "" 

laQgents  arc  posii 


tor,  and  punter's  scale;  the  description  and  nies  of  which 
see  under  the  article  Sector. 

Su^Tanozmt,  a  line  lying  beneath  the  tangent,  being 
the  part  of  the  axis  intercepted  by  the  tangent  and  ilie 
ordinate  to  the  point  of  contact :  as  the  line  a»  in  the  Sd 
between  160°" and  270°,  the     and  3d  figures  above. 

Method  qfTAWGESTi,  is  a  method  of  determining  the 


Between  ij6°  and  180°,  or  between  270°  and  360°,  the,   quantity  of  the  tangent  and  subtangent  of  any  algebraic 


supple- 
e  being 


curve  ;  the  equation  of  the  curve  being  given. '  This  n 
thod  is  one  of  the  great  results  of  the  doctrine  of  fluxions. 
It  is  of  great  (ise  in  geometry  ;  because  that  in  determin- 
ing the  tangents  of  curves,  we  determine  at  the  saine  time 
the  quadrature  of  the  curvilinear  spaces:  un  which  ac- 
count it  deserves  to  be  here  particularly  treated  on. 

To  Draw  the   Tangent,  or  to  faid  the  Sublangeiu,  of  a 

If  AE  he  any  curve,  and  e  any 
point  in  it,  to  which  it  is  required 
to  draw  a  tangent  te.  Draw  the 
ordinate  sz :  then  if  we  can  deter- 
mine the  subtangent  XD,  by  joiuing 
the  paints  t  and  s,  the  line  te  will 
be  the  tangent  sought. 
...  .   ■■      L    .         '     c:  1  .  Le'  ''«  be  another  ordinate  in- 

IB' the  elementary  triangle  Eat   similar  to  the  triangle 
radius     ti>e; 

and  therefore    •  ea  :  se  :  :  es  :  dt  ; 


tangents  are  iiegati' 

2.  The  tangent  of  an  arc  and  the  tdngent  of  its  i 
ment,  are  equal,  but  of  contrary  affections,  the  on 
positive,  and  the  other  negative; 

as  of  a  and  180°  —  a,  where  a  is  any  arc. 

Also  180°  -•-  o'}  have  the  same  tangent,  and  are  of  the 

and  a  J      same  affection. 

Or     180°  -f-  a\  bavc  the  same  tangent,  but  of  diffe- 

and    180°  — sj      rent  affections.  . 

3.  The  tangent  of  an  arc  is  a  4th  proportional  to  the 
cosine,  the  sine,  and  the  radius;  that  is,  cm:  kb:  :  ca  : 
AQ.  Hence,  a  canon  of  ^nes  being  made  or  given,  the 
canon  of  tangents  is.easity  constructed  from  them. 

0>-Tanobnt,  contracted  from  complement-tangent, 
is  the  tangent  of  the  complement  of  the  arc  or  angle,  or 
of  what  it  wantsof  a  quadrant  or  90°.  So  lm  '     ' 


tangent  and  cotangent  are 

the  radius.     That  is  tang.  Is 

: :  radios  :  cotan.     And  the 

cotangent  is  equal  to  the  square  of  the  radius  ;  that  is. 


ciprocally  proportional 

r  tang, 
ectangle  of  the  tangent  i 


Un.  X  cot.  =  radius  *. 

If  a  denote  any  arc,  and  t  its  tangent,  radius  1 :  then 

is  a  =  /  -  -l-t'  -f-  -j-i* —t'  -».  &c.     Wljence, 

since  tan.  45°  ^=  1,  we  have  arc  45°  =  1  —  —  -^  — 
—  —   "♦"  rr  "~  ^^'    ^^  convenely  t  sb  a  +  -r*** 

-^•'*^'  +  *-  ^     • 

Further,  l    =  '~  =    ~  s  v'C^^ 0    — 


.  ^/fi- 


^(1- 


•«)  ■ 


"■«) . 


«>i' 


xl< 


Also,  tan  (a-*- 6)     =  - 
un  la-b)     =  - 


.t-eot  i  = 


in  (n+i) 


See  the  treatises  on  trigonometry  by  Emerson,  Cagnoli, 
Mauduit,  and  several  others. 

Artificial  TANOiNTa,  or  I^^nfJimtcTAiTOENTs,  arc 
the  It^rithms  of  the  tangents  of  arcs ;  so  called,  in  con- 
tradistinction from  the  natural  tangents,  or  the  tangents 
expressed  fay  the  natural  numbers. 

I*ne  o/'TANe'ENKS,  is  a  line  usually  placed  on  tKe  scc- 
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but    -    •    -    -  ea  :  aE  :  :  flux,  ed  :  flux,  ad  ; 

therefore      -    -  flux,  ed  :  flux,  ad  :  :  db  :  dt  ; 

that  ii     -    -    •  y  ix  ::  y  :  -^t-  =  dt, 
which  is  therefore  the  value  of  the  subtangent  sought ; 
where  x  is  the  absciss  ad,  and  y  the  ordinate  de. 

Hence  comes  this  general  rule'  By  the  given  equation 
of  the  curve,  find  the  value  either  of  i  or  j,  or  of 
—!-f  which  substitute  for  it  in  the  expression  dt  =  ^, 
and,  when  reduced  to  its  simplest  terms,  it  will  be  the 
value  of  thesuhUngent  sought.  This  we  may  illnstrata 
in  the  fi^lowing  examples. 

Ex.  1.  The  equation  definii^  a  circle  is  2ar  ~  xs  ^ 
y,  where  a  is  the  radius;  and  the  fluxibn  of  this  it 
2ax  —  Sxx  =  ^;  hence  — :-  =s   -^^i  this  multiplied 

by  y,   gives  ~-  ^  -*—  ^ ^  the  subtangent  td, 

or  CD  :  DE  :  :  DE  :  T  D,  whlch  is  a  property  of  the  circle 
also  known  Irom  common  geometry. 

Ex.  2.  The  equation  defining  the  common  parabola  is 
ax  =x  y^,  a  being  the  parameter,  and  x  and  y  ilie  absciss 
and  ordinate  in  all  cases.  The  fluxion  of  this  is  as  = 
2yj;  hence -^  =  -^j  consequently-^  =  -~  =  — 
=  2x  =  TD  t  that  is,  the  subtangent  td  is  double 
the  absciss  ad,  or  ta  is  =  ad,  which  is  a~well-known 
property  of  the  parabola. 

Ex.  3.  The  equation  definina  an  ellipsis  is  c'(2ar— i') 
=  a*y*,  where  o  and  c  are  ffie  lemiaxes.  The  fluxion 
of  it  is  c'( 2a*  —  2ja)  =  2o*yJ  '•  hence 


tangent ;  or  by  addiogCD  which  is 


=  -x  ss  TD  (hesub- 


=  «  —  I,  it  becomes 
3Q 
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CA  :  CT<  ft  well-kDDwn  property  or  the  cDipce. 

Ex.  4.  The  equation  dedniog  ihe  hyperbola  is  c^ 
(2ax-t-i^)  ^  °'^)  which  is  siinilar  to  that  for  ibc  el- 
lipse, having  only  -*-  *'  for  —  r' ;  hence  the  conclusion 
i*  exactly  similar  alto,  viz, 

— i-fjT  or  =  TD,  which  taken  from  cd  or 

a  f  X,  giTej  CT  = ,  or  CD  :  Ca  :  ;  CA  :  cr. 

And  goon,  for  the  tangents, to  other  curves. 

The  Invent  Method  (^Tanoekts.  This  is  the  re- 
TCTtc  of  the  foregoing,  nnd  consists  in  finding  the  nature 
of  the  curve  that  has  a  given  ;tublangcnt  The  method 
of  solution  ii  to  put  the  given  tubtangent  cquut  to  the 
general  expression  — :-,    which   serves  for  all  kinds    of 

curves;  then  thecquation  reduced,  and  the  fluents  taken, 
will  give  the  flucmial  equation  of  the  curve  sought. 

£x.  1.  To  find,  the  curve  line  whose  subtangent  is  = 
-^.  Here  -—  =  ~ ;  hence  Sy^  =  ,i,  and  the 
fluents  of  this  give  ^  =  ax,  the  equation  to  a  para- 
bola, which  therefore  is  the  curve  sought. 

Ex,  3.  To  dnd  the  curve  whose  subtangent  is  = 
^_^  <"■  "  third  pioportional  to  2<i— zand^  Here 
jj'_^  =;  —^  ;  hence  yj  =  2ai  —  rx,  the  fluents  of 
which  givey'  =  or  —  i',  the  equatioD  to  a  circle,  which 
therefore  ii  the  curve  sought. 

Or,  in  a  more  general  sense,  this  is  the  same  thing  as 
finding  the  Haents  of  such  forms  as  involve  several  varia- 
ble quantities.  See  Inverse,  &c.  Also  the  Fl^ixional 
Treatises  by  Maclaurin,  Simpson,  Emersun,  Dcaltry, 
Bossu,  Lacroix,  I-agrange,  4ic. 

TANTALUS'S  Gip,  in  Hydraulics,  isa  cup,  as  a,  with 
a  hole  in  the  boltom,  and  the  longer  leg 
of  a  syphon  bced  cemented  into  the  hole ; 
«o  that  the  end   i>  of  the  shorter  leg  i>e 
may  always  touch  the  boltom  of  the  cup 
wiihin.     Then,  if  water  he  poured  into 
this  cup,  it  will  rise  in  the  shorter  leg  by     , 
iuupward  pressure,  extruding  the  air  be- 
fore it  through  the  longer  leg,  and  when 
the  Clip  is  filled  above  the  bend  of  the  sy- 
phon at  e,the  pimsAre  ofthe  water  in  t(e 
cup    will  force  it  over  the  bend;  from 
whence  it  will  descend  in  the  lunger  leg 
as,  and  through  the  bottom  at  g,  till  the 
cup  be  quite  emptied.     The  legs  of  thiscyphon  are  almost 
close  together,  and  it  is  sometimes. cpncealed  by  a  small 
bfilluw  statue,  or  lij^ure  of  a  man  placed  over  it ;  the  bend 
B  being  wiihin  the  nock  of  the  figure  as  high  ai  the  chin. 
So  that  poor  thirsty  Tnntalus  stands  up  to  the  chin  in  wa- 
ter, according  to  the  fahle,  imagining  it  will  rise  a  little 
higher,  as  ntore  water  is  poured  in,  and  he  may  drink; 
but  instead  of  that,  when  the  water  comes  up  to  his  chin, 
It  iraraediately  begins  to  descend,  and  therefore,  as  he  can- 
'    not  stoop  to  follow  it,  he  is  left  in  the  same  distressful  state 
of  thirst  as  before.     Ferguson's  Lect.  pa.  72,  4to. 

TARRANTIUS  (Lucius),  surnamed  Firvunuu,  be- 
cause he  wasanativeof  Firmum,  a  town  in  Italy,  flourigh- 
rd  ai  the  same  lime  with  Cicero,  and  was  one  of  his  friends. 
He  was  a  natbematical  philosopher,  and  therefore  was 


ihongbt  to  have  great  akill  injudicial  astrology.  He  waa 
particularly  farooos  by  two  horoscopes  which  he  drew, 
the  oae  the  horoscope  of  Romulus,  and  (he  oihiruf  Kome. 
Plutarch  says,  "  Varro,  who  was  the  most  learntd  of  ihe 
Romans  ia  biatory,  had  a  particular  friend  rianied  Tar- 
Iantia^  who,  out  of  curiosity,  applied  himsell  to  draw  ho- 
roscopes, by  means  of  astronomical  tables,  and  was 
esteemed  the  most  cminejit  in  his  timi-."  Historians  con- 
trovert some  particular  circumstances  of  hi»  calculations  ; 
but  ail  agree  in  conferriDg  on  htm  the  honorary  title  Prince 
<tf  aiirohger$. 

TARTAGLIA,  or  Tabtalea  (Nicholas),  a  noted 
mathematician,  was  born  at  Bmcia  in  Italy,  in  H?!},  of 
a  very  poor  family;  and  was  In  that  town  when  the  French 
plundered  it  on  their  return  from  Naples.  On  this  occa- 
sion he  received  many  wounds,  several  of  them  on  the  bead, 
which  affected  his  speech,  causing  him  to  stutter.  It  is 
not  known  bow  he  li  arned  to  read  ;  but,  to  acquire  writ- 
ing, he  was  obliged  to  steal  from  a  teacher  a  set  of  the  let- 
ters of  the  alphabet.  Hence,  it  is  easy  ti;  imagine  what 
difficulties  he  must  have  surmounted  in  acquiring  his  know- 
ledge. Vet  wc  find  he  w^  a  considerable  master  or  pre- 
ceptor in  mathematics  in  the  year  1521,  when  (be  first  of 
his  colleciion  of  questions  and  answers  was  w  rilten,  which 
be  afterwards  published  in  the  year  \5i6,  under  the  lille 
of  Qucsiti  et  Inventiuni  diverse,  at  Venice,  where  he  tbeu 
resided  as  a  public  lecturer  on  mathematics,  having  re- 
moved to  this  place  about  the  year  1534.  This  work  con- 
sists of  9  chapters,  conlainii^  solutions  to  a  number  of 
questions  on  all  the  difierent  branches  of  mathematics  and 
philosophy  then  in  vogue.  The  last  or  9th  of  ihcse  con- 
tains the  questions  in  algebra,  among  which  arc  those  ce- 
lebrated letters  and  communications  between  Tarialea  and 
Cardan,  by  which  our  author  put  the  latter  in  possession 
of  the  rules  for  cubic  equations,  wiiicb  he  first  discovered 
in  the  year  1530.     , 

But  the"  first  work  of  Tarlalea's  that  was  published,  was 
his  Nova  ScJentia  inventa,  in  4to,  at  Venice  in  15S7. 
This  is  a  treatise  on  the  theory  and  practice  of  gunnery, 
and  the  first  of  the  liind,  he  being  the  hrst  writer  ou  the 
flight  and  path  of  balls  and  shells.  This  work  was  trans- 
lated into  English,  by  Lucar,  and  printed  at  London  in 
1588,  in  folio,  wi[h  many  notes  and  additions  by  the  trans- 
lator. Tartalea  published  at  Venice,  in  folio,  1543,  the  . 
whole  "books  of  Euclid,  accompanied  with  many  curious 
notes  aJHl  commentaries.  But  the  last  and  chief  work  of 
Tartalea,  was  bis  Tratlato  di  Numeri  et  Misure,  in  folio, 
1556  and  1560.  This  is  a  universal  treatise  on  arithme- 
tic, algebra,' geometry,  mensuration,  &c.  It  contains  also 
ntany  other  curious  particulars  of  ibe  disputes  between 
our  author  and  Cardan,  which  ended  only  with  the  death 
ofTartalea,  in  1557,  before  the  last  part  of  this  work  was 
published  in  the  year  1558.  One  of  the  ingenious  inven- 
tions of  Tartalea  was  the  method  of  finding  the  area  of  a 
triangle  from  having  the  three  sides  given. 

For  many  other  circumstances  concerning; Tartalea  and 
his  writings,  see  the  ariicle  Aloebba,  vol.  1. 

TAURUS,  the  Bull,  in  Astronomy,  one  of  the  12  signs 
in  the  zodiac,  and  the  second  in  order.  The  Greeks  fa- 
bled that  this  was  ihc  hull  which  carried  Eurnps  safely 
across  the  seas  to  Crete ;  and  that  Jupiter,  in  reward  for 
BO  signal  a  service,  placed  the^reature,  whoso  form  he  had 
assumed  on  [bat  occasion,  among  the  stan,  and  that  this 
is  the  constellation  formed  of  it.  But  it  is  probable  that 
the  Egyptians,  or  Babyloaians,  or  nhoever  iD\'cnted  the 
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constellations  or  the  zodiac,  placed  tbis  figarc  in  that  part     more  fully  on  tbetame  subject ;  and  demonstralci  tbul  ib« 


which  the  sun  entered  about  the  time  of  the  bringing 
forth  of  calves;  like  as  they  placed  the  ram  in  the  dnt 
part  of  spring,  as  the  lambs  appear  befure  them,  and  [be 
two  kids  (for  that  was  [he  nrigina!  figure  of  the  sign  Ge- 
mini), aftervrardg,  to  denote  the  [ime  of  the  goats  bring- 
ing  forth  their  young. 

In  the  constellation  Taurus  there  arc  some  remarkable 


•Imn  that  have  names ;  as  Aldebaran 
eye  of  the  bi;)l,  the  cluster  called  the  Pleiades  in  the  neck, 
and  the  cluster  called  Hyades  in  the  face.  The  stars  in 
.  die  constetlatinn  Taurus,  in  Ptolemy's  catalogue  are  44, 
in  Tycho's  catalogue  43,  in  Hevelius's  catalogue  51,  and 
in  the  Britannic  calajogue  141. 

TAYLOR  (Dr.  Brook),  a  very  able  mathematician 
and  secretary  of  [he Royal  Society,  was  bom  at  Edmonton,, 
in  Middlesex,  1 685.  In  1701  been tered  St.  John's  College, 
Cambridge  ;  and  in  1708  wrote  lis  tract  on  the  centre  of 
oscillation.  In  1712  he  was  elected  iuto  the  Royal  So- 
ciety, of  which  he  was  chosen  secretary  two  years  after. 
Dr.  Taylor  had  many  excellent  papers,  on  philosophy  and 
mathematics,  inserted  in  the  Pliilns.  Trans,  firom  voll27 
to  vol.33,  inclusively  ;  besides  which,  he  published  some 
other  excellent  work*,  viz,  Methodus  Incrementorum,  in 
4to,  1715,  containing  many  excellent  tracts,  particularly 
a  curiou<j  and  general  theorem,  on  the  manner  of  express- 
ing a  variable  quantity  by  all  the  orders  of  its  difterentials 
or  fluxions  ;  also  the  problem  of  the  vibrations  of  a  lensc 
cord,  of  which  he  gave  the  first  solution.  The  same  year 
also  came  out  his  Principle*  of  linear  Perspective,  fint 
ettablishiog  the  une  practice  of  that  art,  on.  principles 
which  have  been  ever  since  followed  by  all  other  autbon. 
Dr.  Taylor  was  a  protiiund  and  elegant  mathematician  of 
the  old  school  of  Newton,  Jones,  Cotes,  &c,and  one  of  the 
chief  writers  in  (be  disputes  with  the  Hernouliis  and  other 
eminent  wrilers  on  the  continelit.  Dr.  Brook  died  at  an 
early  age,  46,  in  the  year  1731. 

TATLoa's  7%«0K)n,inihe  higher  mathematics;  is  a  very 
elegant  and  fertile  formula,  given  by  Dr.  Brook  Taylor, 
in  cor.  2,  pr.  7,  pa.23,  ofhis  Method  of  Increments.  The 
purport  of  it  is  as  follolks  : — If  j:  and  s  beany  two  variable 
quantities,  having  any  given  relation;  then,  while  x  by 
flowing  uniformly,  is  increased  by  x,  c  will  h^  increased 
by  i  +  —X  ■*■  y-r-^  -t-  &c ;  in  which  the  values  of 
i,  i,  SiQ,  are  to  be  determined  from, the  given  equation. 

The  demonstmti        ■■    ■  ■      ■ 
several  emi[ieiitwri 


lecib  of  the  two  wheels  should  have  ihc-  figures  of  epicj- 
cloids,  but  that  the  gencraling  circles  of  these  epicycloids 
should  have  their  diameters  only  the  half  of  what  Mr. 
Emerson  makes  them. 

Mr.  Emerson  observes,  that  the  teeth  ought  not  to  act 
upon  one  another  before  they  arrive  at  the  line  which  joins 
their  centrta.     And  though  the  inner  or  under  sides  of 


right  the  teeth  may  be  of  any  form  ;  yet  it  is  belter  to  make 
them  both  sides  alike,  which  will  serve  to  make  the  wheels 
turn  bHckwHids,  Also  a  part  may  tte  cut  away  on  ihe 
back  of  every  tooth,  to  make  way  for  those  of  the  other'  . 
wheel.  And  the  more  teeth  that  work  together,  the  bet- 
ter ;  at  least  one  tooth  should  always  begin  before  the 
other  has  done  working.  The  teeth  oug^t  to  be  disposed 
in  such  manner  at,  not  to  disturb  or  hinder  cue  aoother, 
befor(t  they  begin  to  work ;  and  there  should  be  a  conve- 
uient  length, depth,  and  thickness  ^ven  to  them,  as  well  for 
strength,  as   that  they  may  more  easily  disengage  them- 

TELEGRAPH,  a  machine  brought  into  ose  by  the 
French  nation,  in  tlie  year  1793,  contrived  to  corarauni- 
cate  words  ar  signals  from  one  person  to  another  at  a  great 
distance,  in  a  very  small  space  of  time,  ' 

The  telegraph,  though  it  has  been  generally  known  and 
used  by  the  moderns  only  fur  a  few  years,  is  by  no  meant 
an  entirely  modern  invention;  some  kind  of  signals  for 
distant  communication  having  probably  existed  in  all 
ages,  and  in  all  nations.  There  1*  reason  to  believe  that 
anioog  the  Greeks  something  of  this  kind  was  in  use ;  as 
the  burning  of  Troy  was  <:ertaJn]y  known  in  GrecC-c  viTy 
soon  after  it  happened,  and  before  any  person  had  re- 
turned from  thence. — The  Chinese,  when  they  send  cou- 
riers OD  the  great  canai,  or  wIu'd  auy  great  man  travels 
there,  make  signals  by  fire  from  one  day's  journey  to  ano* 
tber,  to  have  every  tbin^  prepared.  And  most  of  the 
barbarous  nations  used  formerly,  and  often'  do  still,  to 
give  the  atarroof  war,  or  the  approach  of  an  eitemy,  by 
£reg  lighted  on  th» hills  or  rising  grounds. 
I  The  object  proposed  is,  to  obtain  an  intelligible  figura- 
tive language,  which  may  be  distinguished  at  a  distance, 
and  by  .which  the  obvious  delay  in  the  dispatch  of  orders 
or  information  by  messenger  may  be  avoided.  On  first 
reOection  we  find  the  practical  modesof%ucb  distant  com- 
Qunication  must  be  confined  to  sound  and  vision.     Each 


of  which  is  in  a  great  degree  subject  to  the  state  of  the  at- 

of  this  theorem  has  been  given  by     mospbere:  as,  independent  of  the  wind's  direction,  it  is 

"     '    Lacroix,  pa.  25,Calcul.     known  that  theair  issometimes  so  far  deprived  of  its  elas- 


Differeniial. ;  Francceur,    Mathematifiues  Pure*,  tom,  3,  ticity,  or  whatever  other  quality  the  conteyaztce  of  sound 

pa.  243,  &c  ;  and  by  Dr.  Brinkley,  vol.  J,  Transactions  of  depends  on,  that  the  heaviest  ordnance  is  scarce  beard   . 

the  Irish  Acad,  with  applications  of  the  use  of  the  then-  farther  than  the  shot  flies;  it  is  also  well  known,  that  in 

rem,  in  finding  fluxions  per  laltum,  aud  in  approximating  thick  hasy  weather  the  largest  vbjects  become  totally  ob- 
to  the  roots  of  equations,  &c,  "    ' 

TEBET,  or  THavax,  the  4th  month  of  the  civil  year 
of  the  Hebrews,  and  the  10th  of  theireccleuastical  yeai 


It  answered  to  part  of. 
only  39  days. 

TEKTH,   of  various   kinds  of  machi 
wheels,  &c.     Th 
and  by  working 


ured  at  a  short  distance.  No  iastrua«ut  therelun:  de- 
signed for  the  purpo6e  can  be  perfect.  We  can  only  en- 
deavour to  diminish  these  defects  as  much  as  may  he, 

Polybius  names  the  different  instruments  used  by  the 

ancients,  for  communicating  infonnation,  vvfmeu,  tyrtix, 

because  the^gaaU  were  always  made  by  mean*  of  Arc  or 

often  called  cogs  by  the  workmen ;  4  lights.     At  first  they  communicated  ioformation  of  events, 

pinions,  rounds,  or  trundles,  the     in  an  imperfect  maimer,  merely  by  torches,     A  new  me- 


December  and  January,  aud  had 


wheels  are  made  to  turn  one  another.  Mr.Emerson  (iu  t^od  was  invented  by  CUoxenus,  or  as  others  say  by  De- 
his  Mechanics,  prop,  25),  treats  of  the  theory  of  teeth,  and  moclitus,  which  was  much  improved  by  Polybius,  as  he 
shows  that  they  ought  to  have  the  figure  «f  epicycloids,  himself  iuforms  us ;  and  which  he  debcribes  as  follow* : 
for  properly  working  in  one  another.  Camus  (in  his  Cours  Take  the  letters  of  the  {Greek}  alphabet,  and  divide  them 
de  Haihematiquc,  tom.  2,  pa.  349,  &c,  edit.  1767)  trefiU    into  5  parte, «Bch  of  which  wiU  consist  of  5  letter*,  except 

3  Q  2 
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the  last  division,  which  will  have  only  A.  Let  these  be 
fixed  onabonrd  in  live  columns.  The  man  who  is  to  give 
the  signals  is  then  lo  begin  by  holding  up  2  tOTCbes,  which 
he  is  to  keep  Hloft  till  thu  other  pers'in  hns  also  shown 
two;  which  i^  only  to  ascertain  that  both  siiilcs  are  ready; 
these  tivo  turchet  beiii;;  then  withdrawn.  Both  parties 
are  provided  with  boards,  on  which  the  Itiiers  arc  dis- 
posed as  before  described.  The  persan  then,  who  gives 
Ihi!  signal,  is  to  hold  up  torches  on  ibe  left,  to  point  out 
to  the  other  purty  from  which  column  he  shall  lake  the 
letters,  as  they  arc  riointeJ  out  to  him.  If  it  is  to  bo 
from  thi!  lirst  column,  he  holds  up  one  torch;  it  from  the 
second,  2;  and  so  on  for  the  ollivrs.  He  is  then  to  hold 
up  torches  on  the  right,  to  denote  the  particular  letter  of 
the  column  that  is  tii  be  taken,  according  to  their  place  in 
the  column.  The  man  who  giies  the  signals  has  an  in- 
strument consisting  of  two  tubes,  so  placed  as  that,  by 
looking  through  one  of  ihf-m,  he  can  see  only  the  right 
side,  and  throuiih  the  other  only  the  left,  of  him  who  is 
to  answer.  The  board  is  set  up  near  this  instrument; 
and  the  station  nn  the  right  and  left  surrounded  with  a 
wall,  10  feet  brond,  and  about  the  beij<tit  of  a  man,  that 
the  torches  raised  above  it  may  be  clearly  seen,  and  to 
conceal  them  when  taken  down.  Thus,. then,  it  is  easy 
to  conceive  how  the  letters  of  a  short  sentence,  one  alXcr 
another,  are  communicated  from  station  to  station,  as  far 
as  required. — .\nd  this  is  the  pyrsia  or  telegraph  recom- 
mended by  Polybius. 

It  teems  the  Romans  had  a  method  in  their  walled  ci- 
ties,  cither  by  a  hollow  formed  in  the  masonry,  or  by 
tubes  aflixed  to  it,  so  to  confine  and  augment  sound,  as 
to  convey  information  to  any  part  they  wished  ;  and  in 
lofty  houses  it  is  now  sometimes  the  custom  to  have  a  pipe, 
by  way  of  speaking  truinpet,  to  give  irden  from  the  upper 
apartments  to  the  lower :  by  this  mode  of  confining  sound 
its  volume  may  be  carried  to  a  very  great  distance;  but 
beyond  a  certain  extent  the  sound,  losing  articulation, 
would  only  convey  alarm,  not  give  directions. 

Every  city  among  the  ancients  had  its  watch-towers; 
and  ibe  castra  stativa,  of  the  Romans,  had  always  some 
spot,  elevated  either  by  nature  or  art,  from  whence  signals 
were  given  to  tbe  troops  cantoned  or  foraging  in  the  neigh- 
bourhood.  But  I  bclie\-e  they  had  nut  arrived  to  greater 
refinement  than  that  on  seeing  a  certain  signal  they  were 
immediately  to  repair  to  their  appointed  stulions. 

A  beacon  or  bonfire  made  of  the  first  inflammable  ma- 
terials that  oiTered,  as  the  most  obvious,  is  perhaps  the 
most  ancient  mode  of  general  alarm ;  and  by  being  fire- 
riously 'Concerted,  the  number  or  point  where  the  tires 
appeared  might  bkve  its  particular  intelligence  affixed. 
The  same  observations  may  be  referred  to  the  throwing  up 
of  rockets,'  whose  number  or  point  frOta  whence  thrown 
may  have  its  affixed  signification. 

Flags  or  ensigns  with  their  various  devices  are  of  tbe 
earliest  invention,  especially  at  sea;  where,  from  the  first 
idea,  which  most  probably  was  that  of  a  vane  to  show  the 
direction  of  the  wind,  they  have  been  long  adopted  as  the 
diatinguishiag  mark  of  nations,  and  are  now  so  neatly  com- 
bined by  the  ingenuity  of  a  great  naval  commander,  that 
by  his  system  every  requisite  order  and  question  is  re~ 
ceived  and  answered  by  the  most  distant  ships  of  a  fleet. 

To  the  adopting  this  or  a  similar  mode  in  land  service, 
the  foHowing  ere  objections:  That  in  Che  latter  case,  the 
variety  of  matter  necessary  to  be  conveyed,  is  so  infinitely 
greater,  (hat  the  cumbinatioiu  would  become  too  compli- 
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cated*.  And  if  ibe  person  for  whom  the  information  is 
intended  should  bo  in  the  direction  of  the  wind,  the  Sag 
would  then  present  a  straight  line  only,  and  at  a  liltlcdis- 
tance  be  scarce  visible.  The  Romans'  were  so  well  aware 
of  tbisinciinvenienL'e  of  fl<igs,that  many  of  their  standards 
were  solid,  and  the  name  manipulus  denotes  the  rudest  of 
their  modi-a,  which  was  a  truss  of  hay  fiXed  on  a  pole. 

But  it  does  not  seem  that  the  moderns  had  thought  of 
such  a  thing  as  a  telegraph  till  the  year  l()6'S,  when  the 
marquis  of  Wurcester,  in  his  Century  of  Inventions,  af- 
firmed that  he  had  discovered  "  a  method  by  which',  at 
a  window,  as  far  as  eye  can  discover  black  from  white,  a 
man  may  hold  discouree  with  his  correspondent,  without 
noise  made  or  notice  taken  ;  being  according  to  occasion 
given,  or  means  alfurded,  ex  re  naia,  and  no  need  of  pro- 
vision beforehand  ;  though  much  better  if  foreseen,  and 
course  taEen  by  mutual  consent  of  parties,"  Tliis  could 
be  done  only  by  means  of  a  telegraph,  which,  in  the  next 
sentence,  is  declared  to  have  been  rendered  so  perfect, 
that  by  means  of  it  the  correspondence  could  be  carried 
on  "  by  night  as  well  as  by  day,  though  as  dark  as  pitch 
is  black." 

Dr.  Mooke,  whose  genius  as  a  mechanical  inventor 
wasperhapsneversurpassed,  delivered  a  "Discourse  to  the 
Royal  Society,  May  2Isl,  ISS^,  showing  a  way  faow  to 
communicate  one's  mind  at  great  distances."  In  this  dis- 
course he  asserts  the  possibility  of  conveying  intelligence 
from  one  place  %o  another,  at  the  distance  of  30,  40,  100, 
130,  &c,  miles,  "  in  as  short  a  time  as  a  man-can  write 
what  he  would  have  tent."  He  takes  to  his  aid  the  then 
recent  invention  of  the  telescope,  and  explains  the  me- 
thod by  which  characters  exposed  at  one  station,  may  be 
rendered  visible  at  the  others.  He  directs,  "  first,  for  Aie 
stations;  if  they  be  far  distant,  it  will  be  necessary  that 
they  should  be  high,  and  lie  exposed  to  the  sky,  that 
there  be  no  higher  hill  or  part  of  the  earth  beyond  them, 
that  may  hinder  the  distinctness  of  the  characters,  thai  arc 
to  appear  dark,  the  sky  beyond  them  appearing  white  : 
by  which  means  also  the  thick  and  vaporous  air  near  the 
ground  will  be  passed  over  and  avoided."  "  Next,  tbe 
height  of  the  stations  is  advantageous,  upon  the  account 
of  the  refractions  or  inflections  of  the  air."  "  Next,  in 
choosing  of  these  stations,  care  must  be  taken,  as  near  as 
may  be,  that  there  he  no  hill  that  interposes  between  them, 
that  is  almost  high  enough  to  touch  the  \isua1  ray;  be- 
cause in  such  cases,  the  refraction  of  the  air  of  that  bifl 
will  be  very  apt  to  disturb  the  clear  appearance  of  the 
object."  "  The  nest  thing  to  be  considered  is,  jvhat  te- 
lescopes will  be  necessary  for  such  stations."  "  One  of 
these  telescopes  must  be  fixed  at  each  extreme  station, 
and  two  of  them  in  each  intermediate;  so  that  a  man  for 
each  glass  sitting  and  looking  through  them,  may  plainly 
diecover  what  is  done  in  the  next  adjoining  station,  and 
with  his  pen  write  down  on  paper  the  characters  there  ex- 
posed in  their  due  order  ;  so  that  there  ought  to  be  two 
persons  at  each  extreme  station,  and  three  at  each  inter- 
mediate; so  that,  at  tbe  same  time,  intelligence  may  be 
conveyed  forwards  and  backwards.  Next,  there  most  be 
certain  times  agreed  on,  when  the  correspondents  arc  to 
expect;  or  else  there  must  be  set  at  the  top  of  the  pole, 
in  the  morning,  the  hour  appointed  by  either  of  the  cor- 
respondents, for  acting  that  day;  if  the  hour  be  ap- 
pointed, pendulum  clocks  may  adjust  the  moment  of  ex- 
pectation and  observing."  "  Next,  there  must  be  a 
convenient  apparatus  of  characters,  whereby  to  comrau- 
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nJcato  any  thing  with  great  ease,  (Ititinctoess,  and  secrecy. 
Aivl  then:  must  be  either  day  characten,  or  nigbt  cha- 
racters." The  day  characters  "  may  all  be  made  of  three 
slit  deals :"  the  night  characters  "  may  be  made  with 
links,  or  other  ligbts,  disposed  in  a  certain  order."  7'he 
Doctor  inrei^ted  24  simple  characters,  each  formed  of 
right  lines,  for  the  letters  of  the  alphabet;  and  several 
single  characters,  made  up  of  semicircles,  for  whole  sen* 
tences.  He  recommended  that  three  very  long  masts  or 
poles  should  be  placed  vertically,  and  joined  at  topiby 
one  strong  horizontal  beam  ;  that  a  large  screen  should 
be  placed  at. one  of  the^jpper  corners  of  this  frame,  be- 
hind which  all  the  deal-board  characters  should  hang, 
and  by  the  hclpof  proper  chords  should  quickly  be  drawn 
forwards  to  be  exposed,  and  then  -drawn  back  again  be- 
hind (he  screen.  "  By  these  means,"  says  (be  Doctor,  "  all 
things  may  be  made  so  convenient,  that  the.  same  cha- 
racter may  be  seen  nt  Paris  within  a  minute  after  it  has 
been  exposed  nt  London,  and  tbc  like  in  proportion  for 
greater  distances;  and  that  tbe  characters  may  be  ex- 
posed so  quick  alter  one  another,  that  a  composer  shull 
not  much  exceed  the  cxposer  in  swiftness."  Among  tbe 
cases  of  ibis  contrivance,  the  inventor  mentions  these  : 
"  The  first  is  for  cities  or  towns  besieged  ;  and  the  second 
for  ships  upon  the  sea;  in  both  which  cases  it  may  be 
practised  with  great  certainty,  security,  and  expedition." 

The  whole  of  Dr.  Houkc's  paper  was  published  in  Dei^ 
ham's  collection  of  bis  Experiments  and  Observations; 
from  which  it  appears  that  he  bad  brought  tbe  telegraph 
to  a  state  of  far  greater  maturity  and  perfection  than  M. 
Amonton's,  wbouttempted  the  same  thing  about  the  year 
1702  ;  and  indeed  to  a  state  but  little  inferior  to  several 
which  have  been  proposed  during  the  last  SO  years. 

It  was  not  however  till  the  French  revolution  that  the 
telegraph  was  applied  to  useful  purposes.  Whether  M. 
Cbappe,  who  is  said  to  have  invented  the  telegraph,  first 
used  by  the  French  about  the  end  of  1793,  knew  any 
thing  of  Hooke's  or  Amonton's  invention  or  not,  it  is  im- 
possible to  say;  but  his  t^giaph  was  constructed  on 
principles  nearly  umilar,  the  description  of  which  here 
folloivs: 

Tbe  following  account  of  this  curious  instrument  is  co- 
pied from  Barrere's  report  irf  the  sitting  of  the  French 
Convention  of  August  lH,  179*--~"  Tbe  new-invented 
telegraphic  language  of  sigtwls  is  an  artful  contrivance  to 
transmit  thoughts,  in  a  peculiar  way,  from  one  distance  to 
another,  by  mecuis  of  machines,  which  are  placed  at  dif- 
ferent distances,  of  from  12  to  15  miles  from  one  another, 
so  that  the  express) on  reaches  a  very  distant  place  in  the 
space  of  a  few  minutes.  Last  year  an  experiment  of  thjs 
invention  was  tried  in  the  presence  of  several  Commis- 
sioners of  the  Convention.  From  the  favourable'  report 
which  the  latter  made  of  tbe  efficacy  of  tbe  contrivance, 
the  Committee  of  Public  Welfare  tried  every  effort  to  es- 
tablish, by  this  means,  a  correspondence  between  Paris 
and  the  frontier  places,  beginning  with  Lisle.  Almost  a 
whole  twelvemonth  has  been  spent  in  collecting  the  ne- 
cessary instruments  for  the  machines,  and  to  teach  the 
people  employed  huw  to  use  tfaem.  At  present,  the  tele- 
graphic language  of  signals  is  prepared  in  such  a  manner, 
that  a  correspondence  may  be  conducted  with  Lisle  upon 
evfry  subject,  and  that  evary  thing,  nay  even  proper 
names,  may  be  expressed  ;  an  answer  may  be  received, 
and  the  correspondence  thus  be  renewed  several  timet  a 
day.'   The  nuchines  aie  the  inventign  of  Citiien  Cbappe, 
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Kud  were  constructed  under  his  own  eye;  he  also  directs 
their  establishment  at  Paris.  They  have  the  advantage 
ot  resisting  the  changes  in  the  atmosphere,  and  the  incle- 
mencies of  tbe  seasons.  The  only  thing  which  can  in- 
terrupt their  effect  is,  if  the  weather  is  so  very  bad  and 
turbid  that  tbe  objects  and  signals  cannot  be  distinguished. 
By  this  invention,  remoteness  end  distnnce  almost  disap- 
pear; and  all  the  communications  of  correspondence  arc 
effected  with  the  rapidity  of  the  twinkling  of  an  eye.  The 
operations  of  government  can  be  very  much  facilitated 
by  this  contrivance,  and  tbe  unity  of  the  republic  can  be 
the  more  consolidated  by  tbe  speedy  communication  with 
all  its  parts.  The  greatest  advantage  which  can  be  de- 
rived from  this  correspondence  is,  that,  if  one  chooses,  its 
object  shall  iinly  be  known  to  certain  ifidividuals,  or  to 
one  individual  alone,  or  to  the  e.vtremitiea  of  any  distance; 
BO  that  the  Committee  of  Public  Welfare  may  now  cor- 
respond with  the  representative  of  the  people  at  Lisle 
without  any  other  persons  getting  acquainted  with  tbe  ob- 
ject of  the  correspondence.  Hence  it  follows  that,  were 
Lisle  even  besieged,  we  should  know  every  thing  at  Paris 
that  might  happen  in  that  place,  and  could  send  thiih,er 
the  decrees  of  the  Convention  without  the  enemy's  being 
able  to  discover  or  to  prevent  it." — The, figure  of  the 
French  machioe,  as  given  in  some  English  prints,  is  re- 
presented in  fig.  3,  pi.  34-. 

Such  is  the  account  given  of  the  French  invention. 
Various  improved  contrivances  have  been  since  made  in 
England,  and.a  pamphlet  has  lately  been  published,  giving 
an  accountof  some  of  them,  by  the  Rev.  J.  Gamble,  under 
the  title  of  Observations  and  telegraphic  Experiments. 

As  to  the  French  machine,  it  is  evident  that  to  every 
angular  change  of  the  greater  beam  or  of  the  lesser  end 
arms,  a  different  letter  or  figure  may  be  annexed.  But 
where  the  whole  difference  consiisti  in  the  variation  of  the 
angle  of  the  greater  or  lesser  pieces,  much  error  may  be 
expected,  from  the  inaccuracy  either  of  the  operator  or 
the  observer :  besides  other  inconvenieuces  arising  from 
tbe  great  magnitude  of  the  machinery. 

Another  idea  is  perfectly  numerical ;  which  is  to  raise 
and  depress  a  flag  or  Curtain  a  certain  number  of  times 
for  each  letter,  according  lo  a  previously  concerted  system  : 
OS,  suppose  one  elevation  to  meair  a,  two  to  mean  B,  and 
so  on  through  the  alphabet.  But  in  this  case,  the  least 
inaccuracy  in  giving  or  noting  the  number  changes  the 
letter;  and  besides,  tbe  last  letters  of  tbe  alphabet  would 
be  ft  tedious  operation. 

Another  method  that  has  been  proposed,  is  an  ingenious 
combination  of  tbe  magnetical  ekperimeni  of  Com  us,  and 
the  telescopic  micrometer.  But  a«  this  is  only  an  impei^ 
fi:ct  idea  of  Mr.  Garnet's  very  ingenious  machine,  described 
in  the  latter  part  of  this  article,  no  farther  notice  need  be 
taken  of  it  here. 

Mr.  Gamble  proposes  one  on  a  new  idea  of  his  own. 
The  principle  of  it  is  sfrnply  that  of  a  Venetian  blind,  or 
rather  what  are  called  the  lever  boards  of  a.  brewhouse, 
which,  when  horizontal,  present  so  small  a  surface  to  the 
distant  observer,  as  to  be  lost  to  his  view,  but  are  capable 
of  being  in  an  instant  convened  into  a  screen  of  a  mbgni- 
tude  adapted  to  the  required  distance  of  vision.— ^Let  ab 
and  CD  (%  4,  pi.  34),  two  upright  posts  fixed  in  the 
ground,  and  joined  by  the  braces  bd  and  xf,  be  consi- 
dered as  the  frame  work  for  9  lever  boards  working  upon 
centres  in  xb  and  or,  and  opening  in  three  divisionsby 
iron  rods  cotinec^d  with  each  three  of  il.e  lever  boardt. 
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Let  ahed  ttai  efgh  be  two  letMt  frentCE  fixed  to  the  girat  fixed  an  index  it.     On  the  pin  of  the  outward  tube  oext 

one,  having  also  three  lever  boards  in  each,  and  moving  to  the  obterveT,  there  is  fixed  a  circle  of  letters  and  num- 

by  iron  rods,  in  the  same  manner  as  the  Dtbers.     If  all  ben,  similarly  divided  and  situated  td  the  circle  in  figure 

thcfc  rods  be  brought  to  near  ihi^  ground  as  to  be  in  the  &  ;  then  the  index  ii,  by  means  of  the  sliding  or  adjuiting 

management  of  the  operator,  he  will  then  have  five,  of  tube,  may  be  lurned  to  any  letter  or  nurabt;r. — Now  tbert 

what  may   be  called,  keys  to  play  on.     Non  as  each  of  being'  a  huir,  or  fine  silver  vi)rvfg,  fixed  in  the  focus  of 

ihi!  hundlestWwncommandsthuc  lever  boHTds,  by  raising  the  eye-glass,  in  ibe  same  dii-ection  as  the  index  ii^  sb 

any  one  of  tnem,  and  fi.\ing  ii  in  its  place  by  a  catch  or  that  when  the  arm  ab  (fig.  5)  of  the  telegraph  it  viewed 

ho-'k,  it  will  give  a  different  appearunce  to  the  machine;  at  a  distance  through  the  telescope,  the  hair  may  4>e 

and  by  the  proper  variation  of  thesi'  five  movements,  there  lutned,  by  means  of  the  sliding  tube,  to  the  same  direc- 

will  be  more  than  2d  of  what  may  be  called  mutations,  in  tion  of  the  arm  ab;  then  the  index  ii  (fig.  6)  will  point 

each  of  u'htch  the  machine  exhibits  a  different  appear-  to  the  same  letter  or  number  on  its  own  circle,  as  the 

ance,  atid  towhith  any  letter  or  figure  may  be  annexed  at  index  i  (fig.  5)  points  to  on  the  telegraphic  circle. — If, 

pUasuiv.  instead  of  using  the  tellers  and  numbers  to  form  words  at 

Should  it  be  required  to  give  inielltgence  in  more  than  length,  they  be  employed  as  signals,  three  motions  of  tb« 

one  direction,  the  whole  machine  may  be  easily  made  to  arm  will  give  above  a  hundred  thousand  different  signals, 
turn  to  ditterent  points  on  a  strong  centre,   after  the        Two  ingenious  telegraphs  have  also  been  invented  by 

manner  of  a  ginglcpost  windmill. —  To  use  this  machine  Captain  Pasley,  of  the  Royal  Engineers;  descriptions  of 

by  night,  another  fiame  must  be  eonnccied  with  the  back  which  are  given  in  the  Philosophical  Magazine,  Nos.  114 

part  uf  the  telegraph,  for  raising  five  lamps,  of  ilifieront  and  ll6. 

ctjlours,  behind  the  openings  of  the  lever  boards  ;  these         It  seems  there  are  now  in  use  in   England,  four  grand, 

lamps  by  night  answer  for  the  openings  by  day.     M,  lines  of  telegraphs,  communicating  with  Loudon:  viz,  to 

Gamble  gives  also  particular  directions  for  placing  and  Portsmouth,  lo  Plymouth,  to  Deal,  and  to  Yarmouth, 

using  the   machine,  and  for  writing  down    the  several  "  There  arc  l2stationsbctu'een  London  and  Portsmouth, 

figures  or  movements.  .  and  31  between  London  and  Plymouth,  of  which  8  ai« 

Mr.  John  Garnet's  most  simple  end  ingenious  contri-  part  of  the  Portsmouth  line,  till  they  separate  in  the  New 

vance,  is  as  follows.     This  ismercly  a  bargrplank  turning  Forest.     The  other  chains  extend  from  London  to  Yar- 

upon  a  centre,  like  the  sail  of  a  windmill,  and  being  moved  mouth,  formed  by  19  litatinns,  and  from  London  to  Deal, 


o  any  position,  the  distapt  observer  turns  the  tube  of  a  formed  by  10  stations,  making  jn  the  whole  6i  separate 

telescope  into  the  same  position,  by  (pinging  a  fixed  wire  tcl^raphs.     Thvir  distances  average  about  B  miles,  yet 

within  it  lo  coincide  with  or  parallel  to  the  bar,  which  is  some  of  them  I'i  or  14  miles;  the  distances  being  often 

a  thing  extremely  easy  to  do.     The  centre  of  motion  of  increased  by   the  want  of  commanding  heights:   in  the 

the  bur  has  a  small  circle  about  it,  with  letters  and  (igiires  Yarmouth  line  particularly  i\ny  make  a  considerable  de-  ' 

around  the  circumfefcnce,  and  an  index  moving  round  tour  northward. 

with  the  bar,  pointing  to  any  letter  or  mark  that  the  ope-        AfieraboutSOyears'oxpeiicnce.theycelculaieonaboQt 

racor  wishes  to  hvt  the  bar  to,  or  to  cumtnunicate  to  the  200  days  in  a  year,  on  which  sigiyils  can  be  transmitted 

observer.    The  eye  end  of  the  telescope  without  has  a  throughout  the  day  ;  about  60  others  on  which  they  pasa 

like  index  and  circle,  whh  the  correspond inij  letteis  or  only  part  of  the  day,  or  at  particular  stations;  and  about 

other  marks.     The  consequence  is  obvious :  the  telescope  100  days  on  which  few  of  the  stations  can  see  the  utben, 

betlig  turned  abuut  till  its  wire  cover  or  become  pamllcl  The  powers  of  the  stations  in  this  respect  arc  exceedingly 

lo  the  bar,  the  index  of  the  former  necessarily  points  out  various.     Dead  fiats  are  found  to  be  universally  unfB> 

the  same  letter  ur  marli  in  its  circle,  as  that  of  the  lalterf  vourable.     On  the  contrdry,  stations  between  hill  and 

and  the  communication  of  sentiment  is  immediate  and  hill,  looking  across  a  valley,  or  series  of  valleys,  are 

perfect.     The  use  of  this  machine  is  so  easy,   that  1  have  mostly  clear ;  and  water  surfaces  are  found   to  produce 

seen  it  put  into  the  hands  of  two  common  labouring  men,  fewer  obscure  days  than  land  in  any  situation.     The  still- 

who  had  never  seen  it  before,  and   ihey  have  immediately  ness  of  the  morning  and  evening  are  found  to  be  the  most 

held  a  <|uick  and  distant  converaatiun  together.  favourable  times  for  observations.     The  least  favourable 

The  more  partictilar  description  and  figure  of  this  ma-  period  of  the  day  is  an  hour  or  two  before  and  after  noon, 

chine,  is  as  follows,     abde  (tig.  5,  pi.  34),  is  the  tele-  particularly  on  dead  levels,  where  the  play  of  the  sun's 

graph,  on  whose  centre  of  gravity  c,  about  which  it  re-  rays  on  the  rising  exhalations  renders  distant  vision  very 

volves,  is  a  fixed  pin,  which  goes  through  a  hole  or  socket  obscure. 

in  the  firm  upright  post  a,  and  on  the  opposite  tide  of        The  transmission  of  a  message  from  London  to  Ports- 

wbicb  is  fixed  an  index  ci.     Concentric  to  c,  on  the  same  mouth  usually  occupies  about  15  minutes ;  bi^t,  by  w 

post,  is  fixed  a  wooden  or  brass  circle,  of  6  or  8  inch'.'s  expfriincnt  tried  for  the  purpose,  a  single  signal  has  been 

diameter,  divided  into  48'eqnal  parts,  34  of  which  repre-  tranimicted  to  Plymouth  and  back  again  in  3  minutes, 

sent  the  letters  of  the  alphabet,  and  between  the  letters,  which  by  the  telegrttph  route  was  at  least  500  nih^.     Is 

are  numbers.     So  that  the  index,  by  means  of  the  arm  ihi;,  instaflce  boivever  notice  had  been  given   to  mak« 

AB,  may  be  moved  lo  any  letter  or  number-    The  length  rearly,  and  every  captain  was  at  his  post  to  receive  and 

of  thearm  should  be  2|  or  3  feet  forcvery  mile  of  distance,  return  the  signals.     The  speed  was  at  the  rUe  of  170  miles 

Two  revolving  lamps  of  different  colours  suspended  occa-  in  a  minute,  or  3  miles  per  second,  or  3  seconds  tt  each 

sionaDy  at  a  and  b,  the  ends  of  the  arm,  would  serve  station;  a  facility  truly  nondeiful !  The  number  of  sig- 

equally  at  night.  -  naJs  produced  by  the  Kngliah  telegraph  is  6a — by  which 

Let  «t  (fig,  6,  pi.  34>  represent  the  transverse  section  of  they  represent  tlie  ten  digits,  and  the  letters  of  the  alphas 

the  outward  tube  of  a  telescope  to  its  a.xis,  and  ai  the  bet;  with  many  generic  words,  and  all  the  Bumbers  «i- 

HkeBeciion'of  the  sliding  or  adjusting  tube,  on  which  is  pressed  by  the  combinatiMi  of  tbe  digits  63  ways.    Tiie 
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signali  are  sufficiently  various  to  exprets  any  3  or  4  words  Mates  that  il  was  Zacharias  Jansen,  or,  as  WolSus  wriUt 

in  twice  as  many  changm  ul  ihc  shutivn.  it,  Hansell,     Now  the  invention  of  Lippenhcim  is  fined 

The  leloscopes  u'ed  areDcillond'sachromatics;  though  by  some  in  the  year  l609,  and  by  others  in  iSOS  i  Fon-  ' 

a  simple  Gaitlean  might  serve  rqu ally  well,  or  belter,  tana,  in  bik  Nuvk  UbservationesCelestium  et  Terrestrium 

The  field  of  this  teli-scupe  is  (]uite  large  enough;  and,  Rerum,  printed  at  Naples  in  16*6,  claimi  the  invention 

having  but  two  lenses,  one  of  which  is  a  thin  concave,  it  ij)  the  year  1608.     But  Borelli's  account  of  the  discovery 

gives  the   object  with   more  brightness.     It    may   seem  (tf  telescopes  is  so  circumstantial,  and  to  well  tutbeoti- 

strannc  too,  that,  to  rase  the  operator,  it  was  never  con-  cated,  as  to  render  it  very  probable  that  Jansen  was  the 

trived  to  exhibit  the  fixed  spfctrum  on  (lie  principle  of  a  original  inventor.  « 

portable  cam  em,  so  that,  without  Mearying  the  eye,  the         In  16*30,  James  MetiuB  of  Alcmaer,  brother  of  AdriaA 

motion  of  the  distant  telegraph  might  have  been  exhibited  Metius  who  was  professor  of  mathematics  at  Franekcr, 

on  a  plain  surtace,  and  seen  with  both  eyes  like  as  on  came  with  Drebel  to  Middleburg,  and  there  bought  te- 

thc  leaf  of  a  book."     Mo  M^.  vol.  39,  pa-  302.  lescopes  of  Jansen's  children,  who  had  made  Ibcni  public; 

TELLSCUPC,  an  optical  instrnment  which  serves  for  and  yet  this  Adr.  Metius  has  given  his  brother  the  honour 

discovering  and  viewing  distant  objects,  either  directly  by  of  the  invention,  in  which  he  is  mistakenly  followed  by 


I,  by  nicans  of  specula,  or  mirrors. 

Accordingly,  But  none  of  these  artificers  made  telescopes  of  above  a 

Telescopes  areeilher  refracting  orreflectidg;  the  former  (not  and  a  half:  Simon  Marins  in  Germany,  and  Galileo 

consisting  of  diflerent  li  nses,  through  which  the  objects  in  Italy,  it  is  said,  first  made  long  ones  fit  for  celestial  ob- 


1  by  raya  refracted  through  them  to  the  eye ;  and  servalions ;  though,  ffom  the  recently  discovered  Rslrono- 
the  latter  of  specula,  from  which  the  rays  are  reflected  mical  papers  of  the  celebrated  Harriot,  author  of  the  Al- 
and passed  to  the  eye.  Thv  lens  or  glass  turned  towards  gebre,  it  appears '  that  be  must  have  employed  telescopes 
the  object,  is  called  the  objeci^lass ;  and  that  next  (he  in  vidwing  the  solar  maculae,  which  he  did  quite  as  early 
eye,  the  eye-glass  ;  and  when  the  telescope  consists  of  as  they  were  observed  by  Galileo.  Whether  Harriot  made 
more  than  two  lenses,  all  but  that  next  the  object  are  his  own  telescopes,  or  whether  he  had  them  from  Holland, 
called  eye-glasses.  The  Utter  consisting  of  different  Me-  does  not  appear;  it  seems  however  that  Galileo's  were 
tallic  speculumsj  finely  polished  and  figured,  so  as  to  made  by  himself;  for  Le  Rossi  relates,  that  Galileo,  being 
magnify  the  objects  by  reflection.  then  at  Venice,  was  told  of  a  kind  of  optic  glass  made  iu 

The  invention  of  the  telescope  is  one  of  the  noblest  and  Holland,  which  brought  objects  nearer :  upon  which,  set- 
most  useful  these  ages  have  to  boast  of:  by  means  of  it,  ting  himself  to  think  bow  it  should  be,  he  ground  two  pieces 
the  wonders  of  the  heavens  are  discovered  to  us,  imd  <rf  glass  into  form  as  well  as  he  could,  and  fitted  them  to 
astronomy  is  brought  to  a  degree  of  perfection  which  the  two  ends  of  an  organ-pipe  ;  afid  with  these  he  showed 
former  ages  could  have  no  idea  of.  The  discovery  indeed  at  once  all  the  wonders  of  ihe  invention  to  the  Venetiaiis, 
was  owing  rather  to  chance  than  design  ;  so  tbaf  it  is  the  on  the  top  of  the  tower  of  St.  Alark.  The  same  author 
good  fortune  of  the  discoverer,  rather  than  his  skill  or  adds,  that  from  thiB  time  Galtlco  devoted  himself  wholly 
ability,  we  are  indebted  to :  pn  this  accouirt  it  concerns  to  the  improving  and  perfecting  the  telescope ;  and  that 
us  the  less  to  know,  who  it  was  that  .first  hit  upon  this  he  hence  almost  deserved  all  the  honour  usually  dune  hirot 
admirable  invention.  Be  that  as  it  may,  it  is  certain  it  of  being  reputed  the  inventor  of  the  instrument,  i^nd  of 
must  haVe  bien  casual,  since  the  theory  it  depends  upon  its  being  Irom  him  called  Galileo's  tube.  Galileo  himself, 
was  not  then  known.  in    his  Nuncius  Sidereus,  published  in  16*10,  acknuw- 

John  Baptists  Porta,  a  Neapolitan,  according  to  Wol-  ledges  that  he  first  heard  oflhe  instrument  from  aOerman; 

fius,  first  niiide  a  telescope,  which  he  infers  from  this  pas-  and  that,  being  merely  informed  of  its  effects,  first  by 

sage  in  the  Magia  Nutiiralia  of  that  author,  printed  in  common  report,  and  a  few  days  after  by  letter  from  a 

1560:  "  If  you  do  but  know  bow  to  Join  the  two  (vii,  the  French  gentleman,  James  fiadovere,  at  Paris,  be  himself 

concave  and  convex  ijlasses)  rightly  together,   you  will  discovered  the  construction  by  considering  the  nature  of 

see  buth  remote  and  near  objects,  much  larger  than  they  refraction.     He  adds,  in  his  Sagiature,  that  he  was  at 

otherwise  appear,  and  withal   verj-  distinct.     In  this  we  Venice  when  he  heard  of  the  effects  of  prince  Maurice's 

have  been  of  good  help  to  many  of  our  friends,    who  instrument,  but  nothing  of  its  construction;  that  the  first 

either  saw  remote  things  dimly,  or  near  ones  confusedly;  night  after  his  return  to  Padua,  he  solved  the  problem, 

and   have  made  them  see  evc^   thing  perfectly."  '  But  and  made  his  instrument  the  next  day,  and  soon  after 

it  is  certain,  that  Porta  did  not  underMand  his  own  Inven-  presented  it  to  the  Doge  of  Venice,   who,  in  honour  of  bis 

tion,  and  therefore  neither  troubled  himself  to  bring  it  to  grand  invention,  gave  him  the  ducal  letters,  which  settled 

greater  perfection,  nor  ever  applied  it  1o  celestial  obser-  him  for  lifein  his  lectureship,  at  Padua,  and  doubled  his 

vation.      Besides,  ibe  iiccount  given  by  Porta  of  his  con-  salary,   which  then  became  treble  of  what  any  of  his  pre- 

cave  and  convex  lenses,  is  so  dark   and  indistinct,  that  decessors  had  enjoyed  before.     And  thus  Galileo  may  be 

Ki:plcr,  who  examined  it  by  desire  of  the  emperor  Ru-  considered  ai  an  inventor  of  the  telescope,  though  not  the 

dolph,  declared  to  that  prince,  that  it  was  perfectly  utv  first  inventor. 
intelligible.  F.  Mabillon  indeed  relates  in  his  travels  throuoh  Italy, 

Thirty  yeai«  afterwards,  or  in  1590,  a  telescope  16  that  in  a  monastery  of  his  own  order,  he  saw  a  manuscript 

inches  long  was  made,  and  presented  to  prince  Maurice  copy  of  the  woiks  ofConimebtnr,  nritten  by  one  Coiira- 

of  Nassau,   by  a  spectacle   maker   of  Middleburg  :    but  dus,   who  lived  in  the  13ih  century  ;   iji   ihe   3d  page   of 

authors  are  divided  about  his  name.     Sirturus,  in  a  trea-  which  was  seen  a  porirait  of  Ptolemy,  viewing  the  stars 

lise  on  the  telescope,  printed  in  I6l8,  will  have  it  to  be  through  a  tube  of  A,  joints  or  draws:  but  Mabillon  does 

John  Lippenhein) :  and  Peter  Borelli,  in  a  volume  ex-  not  sny  thai  the  tube  had  glasses  in  it.     Indeed  it  is  more 

prcssly  on  the  inventor  of  the  telescope,  published  in  l655,  than  probable,  that  such  tubes  were  then  used  fur  no  other 
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purpoie  but  to  ilefeRd  and  <lirect  tbe  ti^t,  or  to  render  dies  nuy  be  >o  formed,  tb&t  the  most  remote  ot^ects  may 

it  more  dislinct,  by  singling  out  the  particular  object  appear  just  at  hand,  and  tbc  contrary  ;  so  tbat  we  nay 

looked  at,  and  thuiling  out  all  tbe  foreign  raya  rcBvcted  read  tbcHnalle&tletlersatan  incredible  distance,  and  may 

from  others,  whose  proximity  might  have  rendered  ibe  number  tilings  though  never  so  small,  aud  may  make  the 

image  leu  precise.     And  this  conjecture  is  verified  by  ex-  stars  also  appear  as  near  as  we  please, 

perience  ;  for  wc  have  often  observed  that  without  a  tube,  Moreover,  Doctor  Jebb,  in  the  dedication  of  his  edition 

by  only  looking  through  the  hand,  or  even  the  finger*,  or  of  (he  Opus  Majus,  produces  a  passage  from  a  manuscript, 

a  pin-hole  in  a  paper,  the  objvcu  appear  more  clear  and  to  iihow  ihat  Bacon  actuully  applied  ie|escopcs  to  astro- 

distincl  tlian  otherwise.     Be  ihis  as  it  may,  it  it  certain  noroical  purposes :  Sed  longe  magis  quam  hiec,  says  he, 

that  the  optical  principles,  on  which  telescopes  are  founded,  oporteret  homines  haberi',  qui  bene,  imnio  optime,  scirent 

are  contained  in  Euclid,  and-wcre  well  known  to  ibean-  penpeciivam  et  instruiuentaeju!i — quia  inscrumenta  astro- 

cient  geometricians  -,  and  it  has  been  for  want  of  attention  nomia  non  vadunt  nisi  per  vmoncro  secundum  leges  islius 

to  them,  that  the  world  whs  so  long  without  that  admira-  scientix. 

ble  indention  ;  as  doubtless  there  are  many  others  lying  From thesepassages,  itis  not  unreasonable  to  conclude, 

hid  in  the  same  principles,  only  waiting  for  reflection  or  that  Bacon  had  actually  combined  glasM^  so  as  to  have 

accident  to  bring  them  forth.  produced  the  effects  which  he  mentions,  though  he  did 

To  thit  foregoing  abstract  of  the  history  of  (he  invention  not  complete  the  construction  of  telescopes.     Dr.  Smith, 

of  the  telescope,  it  may  be  proper  to  add  some  particulars  however,  to  whose  judgment  particular  deference  is  due, 

relating  (o  tbe  claims  of  our  own  celefaruted  countryman,  is  of  opinion  tbat  the  celebrated  friar  wrote  hypotbetically, 

friar  Bacon,  who  died  in  1294.     Air.  W.  Molyneux,  in  without  having  made  any  actual  trial  of  tbe  things  he 

his  Dioptrica  Nova,  pa.  356,  declares  his  opinion,  that  mentions :  to  which  purpose  he  observes,  that  (his  author 

Bacon  did  perfectly  well  understand  all  kinds  of  optic  does  not  assert  one  single  tqat  or  observation  upon  the 

glasses,  and  knew  likewise  the  method  of  combining  tbem,  iiun  or  moon,  or  any  thing  else,  though  be  mentions  them 

so  as  to  compose  tome  such  instrument  as  oi^ielescope  :  both  :  on  the  other  hand,  he  imagines  some  effects  of  te- 

and  bis  ion,  S^pnucl  Molyneux,  asserts  more  positively,  lescopes  that  cannot  possibly  be  performed  by  them.    Me 

that  the  invention  of  telescopes,  in  its  first  original,  was  ad4s,  that  persons  unexperienced  in  looking  through  te- 

certainly  put  in  practice  by  an  Englishman,  friar  Bacon ;  lescopes  expect,  in  viewing  any  object,  as  for  instance  the 

thotigh  its  first  application  to  astronomical  purposes  may  face  of  a  man,  at  the  distance  of  one  hundred  yards, 

probably  be  ascribed  to  Galileo.     The  {lassaget  to  which  through  a  telescope  tbat  magnifies  one  hundred  times, 

Mr.  Molyneux  refers,  in  support  of  Bacon's  claimsj  occur  that  it  will  appear  iDuch  larger  than  when  they  are  close 

in  his  Opus  Majus,  pa.  348  and  357  of  Jebb's  edit.  1773.  to  it:  this  he  is  satisfied  was  Bacon's  notion  of  the  matter; 

The  first  is  as  follows:  Si  vero  non  sint  corpora  plana,  per  and  bence  he  concludes  that  be  had  never  looked  through 

quK  visui  videi,  sed  sphairia,  tunc  est  magna  divenitas  ;  a  telescope. 

Dam  vel  concavitai  corporis  esc  versus  oculum  vel  con-  llid  remarkable  that  thereisapassageinTbomasDigge's 

vexitas  :  whence  it  is  inferred,  that  he  knew  what  a  con*  Stratioticos,  pa.  359,  where  he  affirms  that  his  father, 

cave  and  a  convex  gloss  was.     The  second  is  comprised  Leonard  Diggea,  among  other  curious  practices,  had  a 

in  a  whole  chapter,  where  he  says,  De  visione  fracta  ma-  method  of  discovering,  by  perspective  glasses  set  at  du« 

jora  sunt ;  nam  de  facili  patet  per  canones  fupra  dictos,  angles,  all  objects  pretty  far  distant  that  the  sun  shone 

quod  maxima  possunt  apparere  minima,  et  e  contra,  et  upon,  which  lay  in  tbe  country  round  about;  and  that 

lunge  distantia  videbuntur  propinquissime,  et  e  converse,  ihis  was  by  the  help  of  a  manuscript  book  of  Roger  Bacon 

Nam  potsumus  sic  figurare  peispicua,  et  taliter  ea  ordi-  of  Oxford,  who  he  conceived  was  the  only  man  besides  - 

nafc  respectu  nostri  visuset  reruTn,, quod  frangentur  radii,  his  father  (since  Archimedes)  who  knew  it.    This  is  the 

et  flectentur  quorsumcunquc  voluerimut,  ut  sub  quocun*  more  remarkable,  because  tbe  Stratioticos  was  first  printed 

qucangulo  voluerimui,   videbimus  rem  prope  vel  longe,  in  J579,  more  than  30  years  before  Melius  or   Gplile.o 

Sec.     Sicetiam  faceremus  solera  et  lunam  et  Stellas  de-  made  their  discovery  of  those  glasses;  and  therefore  it  has 

scendere  secundum  apparentiaip  hie  inferius,  &c:  that  is,  hence  been  thought  tbat  Roger  Bacon  was  the  first  inventor 

Greater  things  than  these  may  be  performed  by  refracted  of  telescopes,  and  Leonard  Digges  the  next  reviver  of  them, 

vision ;  for  it  is  easy  to  uikdersland  by  the  canons  above  But  from  wha[  Thomas  Digges  says  of  this  matter,  it  would 

mentioned,  that  the  greatest  objects  may  appear  exceed-  seem  that  the  instrument  of  Bacon,  and  of  his  father,  was 

ing  small,  and  the  contrary  ;  also  Ihat  the  most  remAte  somrthing  of  the  nature  of  a  camera  obscura,  or,  if  it  were 

objects  may  appear  just  at  hand,  ,Bnd  the  converse  ;  for  a  telescope,  that  it  was  of*lbe  reflecting  kind  ;  though  the 

we  can  give  such  figures  to  transparent  bodies,  and  dispose  term  perspective  glass  seems  to  favour  a  contrary  opinion, 

them  in  such  order  with  respect  to  the  eye  and  the  objects,  ,     There  ii  also  another  passage  to  tbe  same  effect  in  tha 

that  the  rays  shall  be  refracted  and  bent  cowards  any  place  pre&ce  to  the  Pantoraetria  of  Leonard  Digges,  but  piib- 

we  please ;  so  that  we  shall  see  the  object  near  at  hand  or  lished  by  his  son  Thomas  Digges,  some  time  before  the 

at  a  distance,  under  any  angle  we  plrase,  &c.     So  that  Stratioticos,  and  a  second  time  in  (he  year  1591.     The 

thus  the  sun,  moon,  and  s(ars  may  be  made  to  descend  passage  runsthus ;  "  My  father  by  his  continuall  painfull 

hither  in  appearance,  &c.     Mr.  Molyneux  has  also  cited  practises,  assisted  with  demonstrations  mathematical,  was 

another  passage  out  of  Bacon's  Epistle  ad  Parisiensem,  of  able,  and^suodric  times  bath  by  Proportional  Glasses  duely 

the  Secrets  of  Art  and  Nature,  cap.  5,  to  this  purpose,  situate  in  convenient  angles,  not  only  discovered  things 

Possunt  eliam  sic  figurari  perspicua,  ut  Iqngissime  posita  farre  off,  read  letters,  nu|nhcred  peeces  of  money  with  the 

appareant  proptoqua,  et  i  contrario ;  ita  quod  ex  incre-  very  coyne  and  supertcrlplioD  thereof,  cast  by  some  of  his 

dibili  distantia  legercmus  literas  minutissimas,  et  nume-  freends  of  purpose  upon  downes  in  open  fields,  but  also 

raremus  res  quantumquo  parvas,  et  s(ellas  faceremus  ap-  seven  myles  off  declared  what  hath  beenc  doone  at  that 

parere  quo  vellenuB :  that  is,  Glataes,.  or  diaphanous  bo-  initant  in  private  places  :  He  hath  also  sundrie  times  by 
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iHe  suniie  beames  fixed  (sfaoald  be  fired)  potidcr,  and  dii-  •oni  on  whicb  he  ground  bii  glns»'<)  the  goodneu  of  btj 

chargdc  ordinuncc  halfe  a  mile  and  more  distance."  &c.  lenicK  depended  on  the  clearness  of  bis  glass,  bii  Vene> 

But  In  whomsoever  tve  aitcribe  the  honour  of  first  in-  tiun  tripoli,  the-paper  with  which  be  politbed  bis  glasiei, 

venting  the  telescope,  the  rationale  of  this  admirable  in-  and  bis  grent  sklU  and  address  as  a  workman.     It  does 

■trument,  depending  on  the  refraction  of  light  in  passing  not  appear  that  be  made  many  lenses  of  a  very  great 

through  mediums  of  different  forma,  was  lirst  explained  by  focal  distance.     Accordingly  Dr.  Hooke,  who  probably 

t ho  celebrated  Kepler,  who  also  pointed  out  methods  of  speaks  with  the  partiality  of  an   Englishman,  says  that 

constructing  others,  of  superior  powers,  and  more  com-  sotne  glasses,  made  by  Divini  and  Campani,  of  36  and 

'  modious  application,  than  that  first  used  :  though  some-  50  I'eet  focal  distance,  did  not  excel  Telescopes  of  13  or 

thing  of  the  same  kind,  it  is  said,  was^slso  done  by  Mau-  1  ^  feet  made  in  England.     He  adds,  that  sir  Paul  Neilt 

rolycus,  whose  treatise  De  Lumine  et  Umbra  was  pub-  made  telescopes  of  S6  feet,  pretty  good;  and  one  of  50, 

lighcd  in  1573.  but  not  of  proportionable  goodness. 

JHe  Pnncipai  Efect#  o^Telescopeb,  depend  upon  this  Afierwards,  Mr.  Reive  first,  and  theti  Mr.  Cox,  who 
plain  maxim,  viz,  that  objects  appear  larger  in  proportion  were  the  most  celebrated  in  England,  as  grinders  of  optic 
to  the  angles  which  they  subtend  at  the  eye ;  and  the  effect  glasses,  made  some  good  telescopes  of  50  aiHl  60  feet  focal 
is  the  same,  whether  the  pencils  of  rays,  by  which  objects  distance  ;  and  Mr.  Cox  made  one  of  100,  but  how  good 
are  made  visible  to  us,  come  direcUy  from  the  objects  Dr.  Hooke  could  not  assert.  Borelli  also  in  Italy  made 
themselves,  or  from  any  place  nearer  to  the  eye,  where  object-glasses  of  a  great  focal  length,  one  of  which  he 
they  may  have  been  united,  so  as  to  form  an  image  of  the  presented  to  the  Royal  Society.  But,  with  respect  to  the 
object;  because  they  issue  agaio  from  those  points  in  cer-  focal  length  of  telescopes,  these  and  all  others  were  Ear 
tain  directions,  in  the  same  manner  as  they  did  from  the  exceeded  by  those  of  Ausout,  who  made  one  object-glass 
corresponding  points  ill  the  objects  themselves.  In  fact  of  600  feet  focus;  but  he  was  never  able  to  manage  it,  M 
therefore,  all  that  is  eSecied  by  a  telescope,  is  first  to  make  as  to  make  it  useful.  And  Hartsoeker,  it  is  said,  made 
such  ail  image  of  a  distant  object,  by  means  of  a  lens  or  some  of  a  still  greater  focal  length.  Philos.  Trans.  Abf. 
mirror,  and  then  to  give  the  eye«omc  assistance  for  view-  vol.  i,  pa.  666,  Hooke's  Exper.  by  Derfaam,  jio.  36l. 
ing  that  image  as  near  as  possible;  so  that  tbeangle,  which  Priestley,  pa.  211.  SeeGRiNSiMO. 
it  shall  subtend  at  the  eye,  may  be  very  large,  compared  I'elescopes  are  of  several  kinds,  distinguished  by  th« 
with  the  angle  which  the  object  itself  would  subtend  in  the  number  and  form  of  their  lenses,  or  glasses,  and  denoml> 
same  situation.  Thii  is  done  by  means  of  an  eye-glass,  nated  from  their  particular  use*  &c  :  suchare  the  Terres* 
.which  so  refracts  the  pencils  of  rays,  as  that  tbcy  may  trial  or  land  Telescope,  the  Celestial  or  astronomical  Tele- 
afternards  be  brought  to  their  several  foci,  by  the  natural  scope ;  to  which  may  be  added,  the  Galilean  or  Dutch 
humours  of  the  eye.  But  if  the  eye  had  been  so  formed  Telescope,  the  Reflecting  Telescope,  the  Refracting  Tele- 
as  to  be  ahlc  to  see  the  image,  with  snflicient  distinctness,  scope,  the  Aerial  Telescope,  Achromatic  Telescope,  &c. 
at  the  same  distance,-  without  an  eye-glass.  It  would  ap-  Galileo's,  or  the  Dutch  telescope,  is  one  consisting  of  a. 
pear  to  him  as  much  magnified,  as  it  does  to  another  per-  convex  object-glass,  and  a  (»mcave  eye-glass, 
son  who  mokes  use  of  a  glass  fur  that  purpose,  though  he  This  is  the  roost  ancient  form  of  any,  being  the  only 
would  not  in  all  cases  have  so  large  a  field  of  view,  kind  made  by  the  tnventurs,  Galileo,  &c,  or  knowti,  be- 
Though  no  image  be  actually  formed  by  the  foci  of  the  fore  Huygens,  The  first  telescope,  constructed  by  Gali- 
pencil  without  the  eye,  yet  if,  by  the  help  of  an  eye-glass,  leo,  magnified  only  3  times ;  but  he  soon  made  another, ' 
the  pencils  of  rays  shall  enter  the  pupil,  just  as  they  which  magnified  18  timet :  and  afterwards,  with  great 
would  have  done  from  any  place  without  the  eye,  the  trouble  and  expence,  he  constructed  one  that  magnified 
visual  ai^le  will  be  the  name  as  if  an  image  bad  been  ac-  33  tiroes;  with  which  he  discovered  the  satellites  of  Jupi- 
tually  formed  in  that  place.  Priestley's  History  of  Light  tcr,  and  the.spots  of  the  sun.  The  construction,  proper- 
Ac,  pa.  6$,  &c.                                                              ^  ties,  &c,  of  it,  are  as  follow : 

jttloiAe  Grinding  qf  TeleKopic  GUuiet,  the  first  per-  Coniintction  <^  GaUUm't,  or  the  Thmit  TsLupoFiu — f& 

sons  who  distinguished  themselves  in  that  way,  were  two  a  tube  prepared  for  the  purpose,  at  one  end  is  fitted  b 

Italians,  Eustachio  Divini  at  Rome,  and  Campani  at  Bo-  convex  object  lens,  either  a  plain  convex,  or  convex  oo 

Ic^a,  whose  fame  was  much  superior  to  that  of  Divini,  Jwth  sides,  hut  a  segment  of  a  very  large  sphere  :  at  the 

or  that  of  any  other  person  of  his  time ;  though  Divini  other  end  is  fitted  an  eye-glass,  concave  on  both  sidet^ 

himself  pretended,  that  in  all  the  trials  that  were  made  and  the  segment  of  a  less  sphere,  so  disposed  as  to  be  at 

with  their  glasses,  his  of  a  great  focal  distance  performed  the  distance  of  the  virtual  focus  before  the  image  of  the 

better  than  those  of  Campani,  and  that  hti  rival  was  not  conve.\  lens. 

willing  to  try  them  fairly,  vii,  with  equal  eye-glasses.    It  Let  a  a   (fig.  10,  pi.  28)  be  a  distant  object,  f[oni 

is  however  generally  supposed,  that  Campani  really  ex-  every  point  of  which  pencils  of  rays  issue,  and'talling  od 

celled  Divini,  both  in  the  goodness  and  focal  length  of  his  the  convex  glass  de,  tend  to  their  foci  at  rso.     But  a 

object-glasses.  concave  lens  hi  (the  focus  of  which  is  at  fo)  being  in- 

It  was  with  Carapani's  Telescopes  that  Casgini  disco-  terposed,  the  convei^ing  rays  of  each  pencil  are  made 

vered  the  nearest  satellites  of  Saturn.     They  were  made  parallel  when  they  reach  the  pupil ;  so  that  by  the  re* 

at  the  express  desire  of  Lewis  XIV,  and  were  of  S6, 100,  fractive  humours  of  jbe  eye,  they  can  easily  be  brought 

andI36,  Paris  feet  focsl  length.  to  a  focus  on  the  retina  at  rKQ.     Also  the  pencils  them- 

Campani's  laboratory  was  purchased,  after  his  death,  selves  divei^ing,  as  if  they  came  from  z,  hxo  is  the  an- 

by  pope  Benedict  XIV,  who  made  a  present  of  it  to  the  gle  under  which  the  image  will  appear,  which  is  much 

academy  at  Boto^a  called  the  Institute ;  and  by  the  ac-  larger  than  the  angle  under  which  the  object  itself  would 

count  which  Fougeroux  has  givdn,  we  learn  that  (except  have  appeared.     Such  then  is  the  telescope  that  was  at 

k  machine  which  Campani  constructed,  to  work  the  bA<  first  discovered  and  uwd  by  philosophers :    the  great  in- 
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eonvenitiice  of  which  is,  tb«t  the  fit^ld  of  view,  which  de-  the  lirst,  wliicb  w»  discovered  by  chance.     Nor  were 

'pends,  B<jt  on  ihe  breadth  of  the  eyt^^lasi,  as  in  the  ai-  their  endeavours  vain,  as  appears  from  the  estr'iiiumical 

trotwmical  telescope,  but  on  the  breadth  of  the  pupil  of  telencopu  described  below. 

lb«  rye,  is  exceedingly  sinaH  :  for  kince  (be  peacils  of  the         If  the  semidiamcter  of  the  eye-glass  have  too  small  a 

rayi  enter  the  eye  very  inuch  divergin):  from  oiw  another,  ratio  to  that  of  the  object-glass,  an  object  through  the 

but  few  of  them  can  be  intercepted  by  the  pupil ;  aod  telescope  will  not  appear  sufficiently  clear,  because  the 

this  incoiivenieDCe  increases  witb  the  magnifying  power  great  divergeacy  of  the  rays  will  occasion  the  several  pen- 

of  the  telescope,,  to  that  philosophers  may  now  well  won-  cils  repretentiiig  the  several  points  of  the  object  on  the 

der  at  tbe  patience  and  address  with  which  Galileo  and  retina,  to  consist  of  too  few  r«ys. 

othen,  with  such  an  instrument,  made  the  discoveriea         It  is.also  found  that  equal  object-lenses  will  not  bear 

■  ibey  did.     And  yet  no  other  telescope  wss  thought  of  for  the  same  eye-lenses,  if  they  be  dilTereDtly  lr«nspaTt;nt, 

many  yean  after  the  discovery.     Descartes,  who  wrote  or  if  there  be  a  dificrencc  in  ibeir  polish  ;  .a.  less  irahs- 

30  years  after,  mentions  no  other  as  actually  constructed,  parent  object-glass,  or  one  less  accurately  eround,  re-, 

though  Kepler  had  suggested  some.    Hence,  tjuirinx  a  more  spherical  eye-glasi  tbau  another  more 

L  In  an  instrument  thua  framed,  all  people,  except  transparent,  Stc. 
myopes,  or  short-sighted   persons,  must  see  objects  di-         Hcvelius  recommends  an  object-glass  convex  on  both 

stinctly  \n  ao  erect  situation,  and  increased  in  the  ratio  sides,  whose  diameter  is  4  feet ;  and  an  eye^iuss  concave 

of  the  distance  of  the  virtual  focus  of  (he  eye-glass,  to  on  both  sides,  whose  diameter  is  4^  tenths  of  a  foot, 

tbe  distance  of  the  focus  of 'the  object-gloM.  An  object-glass,  equally  convex  on  both  sides,  whose  dta- 

2. '  But  for  myoprs  to  see  objects  distinctly  through  meter  is  b  feet,  be  observe*,  will  require  an  eye*glass  of 

such  an  instrument,  the  eye-glasa  must   be  set  nearer'thc  ^j-  tenths  ;    and  adds,  that  tho  sarue  eye-glass  will  atM> 

object-glass,  so  that  the  rays  of  each  pencil  may  not  serve  an  object-glassof  8  or  lOfeot. 
emerge  parallel,  but  may  foil  diverging  upon  the  eye;  in         Hence,  aa  the  distance  between  the  object-glass  and 

which  cate  the  apparent  magnitude  will  be  altered  a  little,  eje^  last  is  the  difference  between  the  distance  of  the  vir- 

though  scarce  sensibly.  tual  focna  of  the  eyeglass,  and  the  distance  of  the  focus 

3.  Since  the  focus  of  a  plano-convex  object  lens,  and  of  tbe  object-glass ;  the  length  of  the  telescope  is  had  by 
the  virtual  focus  of  a, plano-concave  eye-K'iis,  arc  at  the  subtracting  that  from  this.  That  is,  the  length  of  the 
distance  of  the  diameter ;  and  the  focus  of  an  object-  telescope  is  the  difference  between  tbe  diameters  of  the 
glass  convex  on  both  sides,  and  the  virtual  fuous  of  an  object-glass  and  eyeglass,  if  the  former  be  plano-convex, 
eye-glasi  concave  on  both  sides,  are  at  tbe  distance  of  a  and  the  latter  plano-concave ;  or  the  di^^ence  between 
semi-diameter;  if  the  object-glass  be  plano-convex,  and  the  scmidiameters  of  tbe  object-glass  and  eye-glass,  if  tbe 
the  eye-glass  plano-concave,  the  telescope  will  increase  former  be  convex  on  both  sides,  and  the  latter  concave  on 
the  diameter  of  the  object,  in  tbe  ratio  of  tbe  diameter  of  both  ;  ur  the  di&Tcnce  between  the  semidiametcr  of  ih« 
the  concavity  to  that  of  the  convexity:  if  the  object-  objectflass  and  the  diameter  of  the  eyeglass,  if  the  former 
glass  be  convex  on  both  sides,  and  the  eye-glass  concave  be  convex  on  both  sides,  and  the  latter  plano-concave; 
on  both  sides,  it  will  magnify  in  tbe  ratio  of  the  semi-  or  lastly  the  difference  between  the  diameter  of  the  object- 
diameter  of  the  concavity  to  that  of  the  convexity  :  if  the  glass  and  the  semidiatneter  of  the  eye-gtass,  if  the  former 
object-glass  be  plano-convex,  and  the  eyeglass  concave  be  plano-convex,  and  the  latter  concave  on  both  sides. 
OB  both  sides,  the  semidiamcter  of  the  object  will  be  in-  Thus,  for  instance,  if  the  diameter  of  an. object-glass,  coi>- 
creased  in  (he  ratio  of  tbe  diameter  of  the  convexity  to  vex  on  both  sides,  be  4  feet,  and  that  of  an  eyivglass,  con- 
the  temidiameter  of  the  concavity:  and  lastly,  if  the  ob-  cave  on  both  sides,  be4i  tenths  of  afoot;  then  the  length 
JQCt^lass  be  convex  on  both  aides,  and  the  eye-glass  piano-  of  the  telescope  will  be  I  foot  and  71  tenths, 
concave,  the  increaie  will  be  in  the  ratio  of  [he  diameter  Atirtmomi^  TsLEscorK  ;  ibis  is  one  that  consists  of 
of  tbe  concavity  to  the  semidiameter  of  tbe  convexity.  an  object-glass,  and  an  eye-glass,  both  convex.     It  is  so 

4..  Since  the  ratio  of  the  semidiameters  is  the  same  as  called  from  being  wholly  used  iri  astronomical  observa- 

that  of  the  diameten,  telescopes  magiiify  the  object  in  tions. 

the  same  manner,  whether  the  object-glass  be  piano-con-  It  was  Kepler  who  firU  suggested  the  idea  of  this  tele- 
vex,  and  the  eye-glass  piano-Concave ;  or  whether  tb«  scope ;  having  explained  the  rationale',  and  pointed  out 
one  be  convex  on  both  sides,  and  tbe  other  concave  on  the  advantages  of  it  in  his  Catoptrics,  in  l6ll. '  But  tb« 
both.  first  person  who  actually  made  an  instrument  of  this  con- 

5.  Since  the  semidiameUr  of  tbe  concavity  has  a  less  struction,  was  lather  Schciner,  who  has  given  a  descripti<Mi 
ratio  to  tbe  diameter  of  the  convexity  than  its  diameter  of  it  in  bis  Rosa  Ursina,  published  in  1 630.  To  this  pur- 
ka^  a  telescope  nagniliea  more  if  riie  object-glass  be  pose  be  says,  if  you  insert  two  similar  convex  lenses  in  a 
plano-convex,  than  if  it  be  convex  on  both  sides.  The  tnbe,  and  place  your  eye  at  a  convenient  distance,  you 
case  Is  the  sane  if  the  eye-glass  be  coiMave  on  both  sides,  will  see  all  terrestrial  objects,  inverted  indeed,  but  mag- 
aod  not  plano-concave.  nifled  and  very  distinct,  with  a  considerable  extent  of 

6.  The  greater  the  diameter  of  the  object-glass,  and  view.  He  afterwards  subjoined  an  account  of  a  telescope 
the  less  that  of  the  eye-glass,  tbe  less  ratio  bas  the  diaroe-  of  a  different  construction,  with  two  convex  eye-glasses, 
l«r  of  the  object,  viewed  witb  the  naked  eye.  to  its  semi-  which  again  reverses  tbe  imaj^es,  and  makes  them  appear 
diameter  when  viewed  wiA  »  telescope,  and  censequentty  in  their  natural  position.  Father  Keila  however  toon  after 
tbe  nore  ia  the  ohject  magnified  by  it.  proposed  a  better  nmstruction,  using  three  eye-glasses  in- 

7.  Siace  a  telescope  exhibits  so  much  a  lesspart  of  the  stead  of  two. 

ot>iect,  as  it  increases  its  diameter  mor^  for  this  reason,        Con$lrweiMn  <f  ike  dttronomeai  TKLsacon.   Tbe  tube 

mathamaticiaiiB  were  dct«mttMd  to  look  out  for  another  being  prepared,   an   object-glaas,    either   plano-convex, 

Uletcopc,  afler  baviDg  deariy  found  tb«  imperfection  af  or  convex  on  both  sides,  but » segment  of  a  large  sphere^ 
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ia  (ittwl  in  at  om  end  j  and  nn  eye^las*,  convex  on  both  object-gliisi  be  a  plano-convex,  in  the  ratki  of  the  semi- 
tides,  which  it  the  segment  of  a  small  kphere,  is  fitted  to  diamcUr  of  thi-  eye-glasi  to  the  diameter  of  the  object- 
the  ntlier  I'oa  ;  at  the  cnmmon  distance  of  the  foci.  glass.  And  tbere't'ore  a  td«scopc  magnifies  more  if  the 
1  hue  the  rays  of  vach  pencil  issuing  from  every  point  ol)jcct-gla«»  ba  a  plano-convex,  than  if  convex  on  both 
of  the  oliji-ct  ABC,  (fig.  3,  pi.  36)  pawing  thruugli  the  sidtt.  And  for  the  tiame ' reaaon,  a  tcleacope  m^i^ifiet 
objio-glnss  DEP,  bfcome  converging,  and  meet  in  iheir  more  when  the  eye-glais  is  cunvct  on  both  sides,  than 
foci  at  I  HO,  where  an  imagu  of  ibe  object  will  be  formed,  when  it  \i  plano-convex. 

if  then  another  convex  lens  xm,  of  a  shorter  focal  lingth,  A  telascupe  magni6es  the  more,  as  the  DbJeci-|laM  is  a 

be  so  placed,  aa  tl«t  its  focus  ahnll  be  in  ibo,  the  rays  of  aegioent  of  a  great  sphere,  and  the  eye-glass  of  a  lest  one. 

each  pencil,  after  passing  through  it,  will  become  nearly  And  yet  the  eye-glass  must  not  be  too  small  in  retpwt  of 

parallel,  so  as  to  mwt  upon  the  retina,  and  form  an  en-  the  object-glass ;  for  if  It  be,  it  Mill  nut  ivfract  rays 

larged  image  of  the  object  at  asT.     If  the  process  of  the  enough   to  the  eye  from  each  (joint  of  the  object ;  nor 

rays  be  traced,  it  will   prewntly   be  perceived  that  this  will  it  aepamte  sufticiently  those  that  come  from  different 


Image  mutt  be  inverted.  .  Far  the  pencil  that  issues  from 
A,  baa  its  focus  in  e,  and  again  in  a,  on  the  SHme  side 
with  A.  ,  But  as  there  it  always  one  invenion  in  simple 
vision,  this  want  of  inveniim  pro<lucet  just  the  reverse  tf 
the  natural  appearance.  The  field  of  view  in  this  tele- 
scope will  be  large,  because  all  the  pencilt  that  can  be 


points;  by  which  means  the  vision  will  be  rendered  ob- 
scure and  confujcd. — Dechnlet  obaerves,  that  an  objeci- 
Icns  of  S{  feel  will  require  an  eyerglass  oflitcnthofa 
foot ;  and  an  ubject-glass  of  8  or  10  feet,  an  eye-glasj  of 
4  tenths;  in  which  he  is  confirmed  by  Euscachio  Divini. 
Tothorien  iht  Aitronomieal  Telescope;    that   i 


received  on  the  surface  of  ibe  lens  km,  being  converging  construct  a  telescope  so,  as  that,  though  shorter  than  the 

After  passing  through  it,  are  thrown  into  the  pupil  of  the  common  one,  it  shall  atagnify  as  much, 
eye,  placed  in  tin  coannoD  intersection  «f  the  pencib         Having  provided  a  drawing  tube,  fit  in  it  an  object-lens 

it  F.  EO  which  i«  a 

Tlieory  tf  ike  Alrmomietd  Tblrbcopb.— An  eye 
placed  near  the  Tocus  of  the  eye-glass,  of  such  a  tele- 
scope, will  see  objects  distinctly,  but  inverted,  and  magni- 
fied in  the  ratio  of  the  distance  of  the  focus  ot  the  eye-glass 
tn  the  distance  of  The  focus  of  the  objcri-glass. 

If  the  sphere  of  concavity  in  the  eyfrf  last  of  the  Gali- 
lean telescope,  be  equal  to  the  sphere  of  convexity  in  the  eye-glass  bs  be  concave  on  both  itdet,  and  so  placed  id 
eyeglass  of  another  telescope,  their  magnifying  power  the  tube,  as  that  the  focus  of  the  obJect-gUss  a  may 
ivill  be  the  tame.  The  c»ncave  glass  however  being  be  behind  it,  bat  nearer  to  tbe  centre  of  the  cmcnvity 
placed  between  the  object-glass  and  itsfocua,  theGalilean  g  :  then  will  the  image  be  thrown  in  q,  so  as  that  oa  : 
telescope  will  be  shorier  thaa  the  other,  by  twice  the  ei  :  ;  a  a  :  Qt.  Lastly,  fit  in  another  object-glass,  con-  ' 
focal  length  of  the  eye-glass.  Consequently,  if  the  length  vex  on  both  tides,  and  a  segment  of  a  smaller  sphere,  so 
«/  the  tcletcopes  be  the  same,  the  Galilean  will  have  the  as  that  itt  focus  may  be  in  q. 

greatermagnifyiitg  power.     Vision  it  also  more  distinct         This  telescope  will  magnify  the  diameter  of  tbe  object 

in  these  teletcopet,  owing  in  part  perhaps  to  there  being  more  than  if  the  object-glats  were  to  represent  iu  image 

no  intermedinte  image  between  the  eye  and  the  objecL  at  [he   tame  distance   eq;    and  consequently  a  shorter 

Besides,  the  eye-glass  being  very  thin  in  the  centre,  the  telescope,  constructed  this  way,  it  equivalent  to  a  longer 

rays  will  be  last  liable  to  be  distorted  by  irregularities  in  in  the  common  way.     See  Mfolfiua  Elem.  Math.   vol.  3* 

tbe  substance  of  the  glass.     Whatever  be  the  cause,   we  pa.  245. 

can  sometimes  Me  Jupiler't  satetlitet  very  clearly  in  a         Sir  Isaac  Netrton  furnisbes  us  whh  another  method  of 

Galilean  telescope,  of  30  inches  or  2  feet  lotig,  when  one  constrocling  the  telescope,  in  bis  catoptrical  or  reflecting 

of  4  or  5  feet,  of  the  common  sort,  will  hanlly  make  telescope,  the  construction  of  which  is  ^ven  below.     See 

them  visible.  Jchromatic  Taiixacopz. 

At  ika  astroiMxnical  telescope  exhibits  objects  inverted,  AerU  TelrIcopx,  a  kind  of  astronomical  telescope, 
it  serves  commodioualy  enough  for  observing  the  stars,  at  the  lenset  of  which  are  used  withont  a  tube.  In  strict- 
il  is  not  material  whether  ihey  be  tern  erect  or  inverted ;  neas  however,  tbe  airial  telescope  is  rather  a  particular 
but  for  terrestrial  objects  it  is  much  test  proper,  as  the  manner  of  moanting  and  managing  long  telescopes  for 
inverting  often  prevents  them  front  being  kriown.  But  if  celestial  observation  in  the  nigbVtirae,  by  which  the  trou- 
a  plane  well-polithed  metal  specnlam,  of  an  oval  fignrr,  ble  of  long  unwieldy  tubes  it  aaved,  than  a  particular 
and  about  an  inch  long,  and  inclinc^d  to  (he  axrt  in  an  kind  of  telescope ;  and  the  contrivance  wai  one  of  liuv- 
angle  of  45",  be  placed  behind  tbe  eye-glass ;  then  the  gent's.  This  invention  was  s«cce«fully  practised  by  the 
eye,  conveniently  placed,  will  see  the  image,  hence  r^  inventor  himielf  and  others,  particularly  with  ns  by  Mr. 
fleeted,  in  the  same  raagnitvde  at  before,  bat  in  an  erect  Pound  and  Dr.  Bradley,  with  an  object-glaii  of  - 133  feet 
Hluation  ;  and  therefore,  by  the  addition  of  anch  a  spectr-  focal  distance,  and  bb  apparatus  belonging  to  it^  made 
lum,  the  astronomical  telescope  is  thin  rendered  fit  to  and  presented  by  Huygeas  to  the  Royal  Society,  aad  de- 
observe  terrestrial  ofa^etts.  scribed  in  hit  AstrotcopiaCompendiariftTubi  UplkiMo> 

Since  the  focns  of  tbe  glass,   convex  on  both  ridet,  it  limine  liberata,  printed  at  the  Hagae  tn  1^84. 
distant  from  the  glasi  iltelf  a  temirfia«teter,end  that  o4  a         Tbe  principal  parts  of  this  trieicope  may  be  compre- 

plano-convex   glast,  a  diameter;    if  tbe  object-glass  be  bended  iratn  a  view  trf  fig.  4,  \A,  SS,  where  ab  is  a  loiu 

convex  on  both  sides,  the  telesoope  will  minify  the  temt-  pole,  or  a  nMst,  or  a  high  tree,  Sec,  m  a  groove  of  whicA 

diameter  of  the  objen,  in  the  ratio  of  tbe  diameter  of  the  sttdet  a  piece  that  carries  a  tmatl  tube  lk  in   which  li 

eye-glait  to  tbe  diameter  of  tb«  objeeVclan ;-  bvt  if  Ae  fixed  ap  ob)e«-ctaa;    wlii^  tafoe  it  connected  by  a  fine 
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line,  with  another  imall  tube  bq,  which  cODtains  the    mentioDS-an  objectglus  of  34  feet  focal  distance,  whid, 


cye-glus.  &c. 

Lahire  contrived  a  little  nacbiae  for  tnaoagiog  the 
objcct-glasi,  which  is  described  MeoOi  de  1' Acad.  171S- 
See  Smith's  Optics,  boolc  3,  chap.  10. 

Hartsoeker,  who  made  telescopes  of  a  very  consider- 
able focal  length,  coniTived  a  method  of  using  them  with- 
out a  tube,  by  fixing  them  to  the  top  of  a  tree,  a  high 
wall,  or  the  roof  of  a  house.  Mucel.  BeroL  vol.  1, 
pa.  361. 


astronomical  observatioDS,  bore  an  eyeglass  of  it^ 
inches  focal  distance,  and  consecjuentl]'  magoified  IfiS 
times.  According  to  this  itandArd,  a  telescope  of  3i 
feet  ougbt  to  magnify  l€6  timet,  and  of  1  foot  28  times;  - 
whereas  the  table  altows  but  118  times  to  the  former, 
and  but  20  to  the  latter.  Now  4^*^  or  ^  =  1-4;  by 
which  if  we  multiply  the  numbers  in  the  given  column 
of  naagnifying  powers,  we  shall  ^in  a  new  column,  show- 
ing how  much  those  objecUgl asses  ought  to  magnr^  if 


Muygens's  great  telescope,  with  which  Saturn's  true     wrought  up  to  the  perfection  of  this  standard. 


face,  and  one  of  his  satellites  were  first  discoveted,  1 
■bts  of  an  object-glass  of  13  feet,  and  an  eye-glass  of  a 
little  more  than  3  inches ;  though  he  frequantly  used  a 
telescope  of  23  feet  long,  with  two  eye-glasses  joined  to- 
gether, each  1)  inch  diameter;  w  that  the  two  were 
equal  to  one  of  3  inches. 

The  same  author  oliserves,  that  an  object^lass  of  30 


The  new  apertures  and  eye-glasses  must  also  be  taken 
in  the  same  proportions  to  each  other,  us  the  old  ones 
have  in  the  table;  or  the  eye-glasses  may  be  found  by 
dividing  the  length  of  each  telescope  by  its  mqguifying 
power.  And  thus  a  new  table  miy  be  easily  made  for 
this  or  any  other  more  perfect  standard  when  offered. 

The  rule  for  computing  this  table  depends  on  the  fol- 


feet  requires  an  eye-glass  of  3^^  inches;  and  has  given  a  lowing  theorem,  viz,  that  in  refracting  telescopes  «f  dif- 
table  of  proportions  for  constructing  aitronomical  tele-  ferent  lengths,  a  given  object  will  appear  equally  bright 
■copes,  an  abridgement  of  which  is  as  follows:  and  equally  distinct,  when  their  linear  apertures  and  the    ' 

focal  distances  of  their  eye-glasses  are  severally  in  a  sub- 
duplicate  ratio  of  their  lengths,  or  focal  distMices  of 
their  object-glasses ;  and  then  also  the  breadth  of  their 
apertures  will  bein  tbesubduplicateratio  of  their  lengths* 
Tbe  rule  is  this :  Multiply  the  number  of  feet  in  the 
focal  distance  of  any  prc^>osed  object-glass  by  3000,  and 
the  square-root  of  the  product  will  give  the  breadth  of 
its  aperture  in  centesms,  or  100th  parts  of  an  inch ;  that 
is,  ^SOOOp  is  the  breadth  of  the  aperture  in  centesms  of 
an  inch,  where  r  is  the  focal  distance  of  the  object-glass 
in  feet.  Also,  the  same  breadth  of  the  aperture  incr^ised 
by  the  lOth  part  of  itself,  gives  the  focal  distance  of  tba 
eye-glass  in  centesms  of  an  inch.  And  the  magnifying 
powers  are  as  the  breadths  of  the  apertures. 

If,  in  different  telescopes,  the  ratio  between  the  object- 
glass  and  eye-glass  be  the  same,  the  object  will  be  magni- 
fied the  same  in  both.  Hence  some  may  conclude  the 
makingoflarge  telescope*  a  needless  trouble.  But  it  must 
be  remembered,  that  an  eye-glass  may  be  in  a  less  ratio  to 
a  greater  object-glass  than  toashialler:  thus,  for  example, 
in  Huj^ni's  telescope  of  SA  fpet,  the  eye-glasa  is  3  inches : 
now,  keeping  this  proportion  in  a  telescope  of  £0  feet,  the 
eye-glass  should  be  6  inches;  but  the  table  shows  that4i 
are  suRicient.  Hence,  from  the  same  table  it  appears, 
that  a  telescope  of  50  feet  magnifies  in,  the  ratio  of  I  to 
141 ;  whereas  that  of  2$  feet  only  magnifies  in  the  ratio 
of  1  to  100. 

Since  the  distance  of  the  leoi  >■  equal  to  the  aggregate 
ot  the  distances  of  the-  foci  of  the  object  and  eye-glossei ; 
and  since  the  focus  of  a  glati  convex  on  each  side  is  a 
semidiameter's  distance  from  the  lens,  and  that  of  a  plano- 
convex at  a  diameter's  distance  from  the  sane;  the  length 
of  a  telescope  is  equal  to  the  aggregate  of  the  semidiamelers 
of  the  lenses,  if  the  object-glass  be  convex  on  both  sides ; 
and  to  the  sum  of  the  semidiameter  of  the  eye-glass  and 
the  whole  diameter  of  tbe  object-glass,  if  the  object-glass 
be  a  plano-convex. 

But  as  the  diameter  of  the  eye-glass  is  very  small  ia 
respect  of  that  of  the  objectglasi,  the  length  of  the  tele- 

scope  is  usually  estimated  from  the  distance  of  the  object- 

Dr.  Smith  (Rem.  pa.  78)  observes,  that  the  magnifying  glass ;  i.  e.  from  iu  semidiameter  if  it  be  convex  on  both 
powers  of  this  table  are  not  so  great  as  Huygens  himself  sides,  or  its  whole  diameter  if  plano-convex.  Thus,  a  ta- 
intended,  or  as  the  best  object-glasses  now  made  will  ad-  lescope  is  said  to  be  12  feet,  if  the  temidiani«er  of  the 
Bit  oL    Foi  Uu  sttthor,  in  hit  Asttoicopia  Compeiidiui^    object-^Bss,  convex  on  both  sides,  be  13  feet,  &c. 
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Since  myopes  kc  omr  objects  best ;  for  them,  the  eye-  ctinveniences,  both  as  the  objects  in  them  are  tinged  with 

gists  is  to  be  renioveil  iie«rer  to  the  object-gku,  that  the  false  colours,  aad  as  tbey  are  distorted  about  the  margin, 

rays  refracted  through  it  may  be  the  more  diverging.  Others  ugain  use  five  ienaes,  and  even  more;  but  aa 

To  take  in  the  larger  field  al  one  view,  some  mal^e  use  aomeparuof  the  rays  are  intercepted  in  pusingerery  lens, 

of  two  eye-glasses,  the  foremost  of  which  is  a  segment  of  objects  are  thus  exhibited  very  dimly., 

a  latter  sphere  than  that  behind  i  lo  thi;  it  must  be  added.  Telescopes  of  this  kind,  longer  thao  30  feet,  will  be  of 

that  if  two  lenses  be  juined  immediately  tt^ther,  to  as  hardly  any  use  in  observing  terrestrial  objects,  on  account 

the  one  may  touch   the  other,  the  focus  is  removed  to  of  the  continual  motion  of  the  particles  of  the  atmosphere, 

double  the  distance  which  tbat  of  one  of  them  would  which  these  powerful  telescopes  render  visible,  and  giv« 

bie  at.  a  tremulous  motion  to  the  objects  themselves. 

I^md  Telescope,  or  Day  Telescopk,  is  one  adapted  The  great  length  of  dioptric  telescopes,  adapted  to  any 

fur  viewing  objects  in  Uic  day-time,  on  or  about  the  earth,  important  astronomical  purpose,  rendered  tbem  extremely 

This  Gontaio)  more  than  two  lenses,  usually  it  has  a  con~  inconvenient  for  use ;.  as  it  was  necessary  to  increase  their 

vex  object-glass,  and  three  convex  eye-glasses ;  exhibiting  length  in  no  less  a  proportion  than  the  duplicate  of  the 

objects  ert-ct,  yet  ilitfereot  from  tbat  of  Galileo.  increase  of  their  magnifying  power  :  so  that,  in  order  to 

In  this  telescope,  after  the  rays  have  passed  the  hrst  magnify  twice  as  much  as  before,  with  the  same  light  and 

eye-glass  HI  (fig.  3,  p).  38),  as  in  the  former  construction,  distinctness,  the  telescope  required  to  be  lengthened  4 

instead  of  being  there  received  by  nbe  eye,  they  pass  on  times ;  and  to  magnify  thrice  as  much,  9  times  the  length, 

to  another  equally  convex  lens,  situated  at  twice  its  focal  and  so  on.    This  unwieidioess  of  refracting  telescopes, 

distance  from  the  other,  so  that  tbe  rays  of  each  pencil,  possessing  any  considerable  magnifying  power,  was  one 

being  parallel  in  that  whole  interval,  those  pencils  cross  cause,  why  the  attention  of  astronomers,  &Cj  was  directed 

one  another  in  the  common  focus,  and  the  rays  consti-  to  the  discovery  and  construction  of  reflecting  telescopes, 

tuting  them  are  transmitted  parallel  to  tbe  second  eyc>  And  indeed  a  refracting  telescope,  even  of  1000  feet  focus, 

glass  LM  1  after  which,  the  rays  of  each  pencil  converge  supposing  it  possible  to  make  use  of  such  an  instrument, 

to  other  foci  at  no,  where  a  second  image  of  the  object  i*  could  not  be  made  to  magnify  with  distinctness  more  than 

formed,  but  inverted  with  respect  to  the  former  image  in  1000  times;  whereas  a  reflecting  telescope,  of  9  or  10  feet, 

xr.    This  image  then  being  viewed  by  a  third  eye-glas*  will  magnify  12  hundred  times.     The  perfection  of  re- 

HM,  is  painted  upon  the  retina  at  xtz,  exactly  as  t>efore,  fracting telescopes,  it  is  well  known,  is  very  much  limited 

only  in  a  contrary  position.  by  the  aberration  of  the  rays  of  light  from  the  geometrical 

FatherReitawastbeautbo^^thitconMniction;  which  focus:    and  this  arises  from  two  different  causes,   vis, 

is  effected  by  fitting  in  at  one  Ad  of  a  tube  an  object-  from  the  different  degrea  of  refrangibility  of  light,  and 

glass,  which  is  either  convex  on  both  sides,  or  piano-con-  from  the  ipbericity,  which  is  not  of  a  proper  curvature 

vex,  and  a  segment  of  a  large  sphere  i  to,  this  add  three  for  collecting  the  rays  in  a  single  point.     Till  the  time  of 

eye-glasses,  all  convex  on  both  sides,  and  segments  of  equal  Newton,  no  optician  had  t  manned  that  the  object-glasses 

spheres ;  ditpoting  them  in  such  a  manner  as  that  the  of  telescopes  were  subject  to  any  other  error  besides  tbat 

distance  between  any  two  may  be  the  aggregate  of  the  which  arose  from  their  spherical  figure,  and  therefore  all 

distances  of  their  foci.     Then  will  an  eye  applied  to  tlie  their  efforts  were  directed  to  the  construction  of  them, 

last  leus,  at  the  distance  uf  its  focus,  see  objects  very  dis-  with  other  kinds  of  curvature.:  but  that  author  had  no 

tinctly,  erect,  and  magnified  in  tbe  ratio  of  the  distance  sooner  demonstrated  the  different  refrangibility  of  the  rays 

of  the  focus  of  one  eye-glast,  to  the  distance  of  the  focus  of  light,  than  he  discovered  in  this  circumstnnce  a  new 

of  the  object-)tlass.  and  a  much  greater  cause  of  error  in  telescopes.     Thus, 

Hence,  1.  An  astronomical  telescope  is  easily  converted  since  the  pencils  of  each  kind  of  light  have  their  foci  in 

into  a  land  telescope,  by  using  three  eye-glatses  for  one;  different  places,  some  nearer  and  some  farther  from  the 

and  the  land  telescope,  on  the  contrary,  into  an  astrono-  lens,  it  is  evident  that  the  whole  beam  cannot  be  brought 

mical  one,  by  tailing  away  two  eye-glasses,  the  bcully  of  into  any  one  point,  but  that  it  will  be  drawn  the  nearest 

magnifying  still  remaining  the  same.  to  a  point  in  the  middle  place  between  the  focus  of  the 

2,  Since  the  distance  of  the  eye-glasses  is  very  small,  most  and  least  refrangible  rays;  so  that  the  focus  wilt  be 
the  length  of  the  telescope  is  much  the  same  as  if  you  only  a  circular  space  of  a  considerable  diameter.  Newton 
used  one.  shows  that  this  space  it  about  the  55lh  part  of  the  aperture 

3.  The  length  of  the  telescope  is  found  by  adding  five  of  the  telescope,  and  that  the  focus  of  the  most  refrangi* 
times  the  semidiameter  of  the  eye-glasses,  to  the  diameter  ble  rays  is  nearer  to  tbe  object-glass  than  the  focus  of  tbe 
of  the  object-glass  when  this  is  a  plano-convex,  or  to  its  leastrefrangibleones,  by  about the274  parlofthedistance 
semidiameter  when  oonvex  on  both  sides.  between  the  objcct-glan,  and  the  focus  of  the  mean  re- 

Huygens  first  observed,  both  in  the  astronomical  and  frangible  rays.     But  he  says,  that  if  tbe  rays  flow  from  a 

land    telescope,  that  it  contributes  considerably  to  the  lucid  point,  as  far  from  the  lens  on  one  side  as  their  foci 

perfection  of  the  instrument,  to  have  a  ring  of  wood  or  are  on  tbe  other,  the  fo£us  of  the  most  refrangible  rayt 

metal,  with  an  aperture,  a  little  less  than  the  breadth  of  will  be  nearer  to  tbe  lens  than  that  of  tbe  least  rr-fran^- 

tbe  eye-glass,  fixed  in  the  plaiie  where  the  image  is  found  ble,  by  more  than  the  14th  pait  of  the  whole  distance. 

to  radiate  upon  the  lens  next  tbeeye;  by  meansof  which,  Hence,  he  concludes,  that' if  all  the  rays  of  light  were 

the  colours,  which  are  apt  to  disturb  the  clearness  and  ^equally  refrangible,  the  error  in  telescopes,  arising  from 

distinctness  of  the  object,  are  prevented,  and  the  whole  the  sphericity  of  the  glass,  would  be  many  hundred  times 

compass  takeu  in  at  one  view,  perfectly  defined.  less  than  it  now  is ;  because  the  error  arising  froni  tbe 

Some  make  land  telescopes  of  three  lenses,  which  yet  spherical  form  of  the  glass,  is  to  that  arising  from  the 

represent  objects  erect,  and  magnified  as  much  as  the  different  refrangibility  of  the  rays  of  light]  as  1  to  SOS- 

fermer.    But  such  telescopes  are  subject  to  very  great  iiir  See  ABxanAiioK. 


yGoogle 


TEL 


[    WO 


TEL 


Upon  the  whole  he  otMcrvM,  that  it  it  a  wtmder  that 
teleccopes  repreient  objetfts  so  distinctly  bs  tb«y  do.  The 
reMon  of  which  it,  that  the  dispersed  rays  are  not  scat- 
tered unirorroly  over  all  ih«  circular  Hpno;  above-mm- 
tioned,  but  are  infinitely  more  dense  in  the  centre  than  in 
any  other  part  of  the  circle;  and  ihnt  in  ihe  way  from  the 
centie  to  the  circumference  they  grow  continually  rater 
«Dd  rarer,  till  at  the  circumference  they  become  infinitely 
nra :  for  which  reason,  these  dispersed  rays  are  not 
icopiou)  etiouah  to  be  visible,  except  about  the  centre  of 
the  circle.  He  also  mentions  another  argument,  to  prove, 
that  ihe  difierent  refrangibility  of  the  rays  of  light  is  the 
true  c&uK  of  the  imperfection  of  leleacopes.  For  the  dis- 
persiona  of  the  rayi  arising  from  the  spherical  figures  of 
objeci-gtasaea,  are  ai  the  cubes  of  their  apertvres;  and 
therefore,  to  cause  telescopes  of  different  lengths  to  mag- 
nify with  equal  distinctness,  the  apertures  of  the  object- 
glasses,  and  the  charges  or  mngnifyinp  powers  ought  to 
be  at  the  cubes  of  the  iiquure  roots  nf  their  lengths,  which 
doea  Dot  answer  to  experience.  But  the  errors  of  the  rays, 
arising  from  the  different  refrangibility,  areas  theaperturei 
of  the  objeci-glatscs  ;  and  Ifaence,  to  make  telescopes  of 
dtfierent  lengths  to  magnify  wiih  equal  distinctness,  their 
aperturea  and  charges  ought  to  be  as  the  square  roots  of 
their  lengths;  and  this  answers  to  experience. 

Were  it  not  for  this  difierent  refrangibiliiy  of  the  rays, 
lelescopea  might  be  brought  to  a  9utiiE;ient  degree  of  per- 
fection, by  composing  the  object-glnss  of  t«'<i  glasses  with 
water  between  them.  For  by  this  means,  the  rrfractifns 
on  the  concave  sides  of  the  glasM-s  will  very  much  correct 
th;  errors  of  the  refractions  on  the  convex  sides,  so  far  as 
they  arise  from  their  spherical  fii>ure  :  but  <m  account  of 
the  different  refrangibiliiy  of  different  kinds  o I' rays,  New- 
ton did  not  see  any  other  means  of  improving  telescopes 
by  refraction  only,  except  by  increasing  llietr  length. 
Newton's  Optics,  pa  73,  83,  BJ),  3d  edition. 

This  important  iiesideratum  in  the  construction  of 
dioptric  telwcopes,  has  been  since  discovered  by  the  in- 
genious Mr,  Dollund ;  an  account  of  which  h  given  below. 

AckromaticTKLticnrE,  is  a  name  given  to  the  re- 
fracting telescope,  invented  by  Mr.  John  Dullond,  and 
so  contrived  as  to  remedy  the  aberniiion  nrising  from 
colours,  or  the  different  refrangibility  of  the  rays  of  light. 
See  AcuBOVATic.    - 

The  principles  of  Mr.  Dollond's  discovery  and  con- 
ttniction,  have  been  already  eiiplained  under  the  articles 
Abekratiok,  und  Ac;iirokatic.  The  improvement 
made  by  Mr.  Oollond  in  his  telescopes,  by  making  two 
object-glasses  of  crown-glau,  and  one  of  flint,  which  was 
tried  with  success  when  concave  cye-glassea  were  used, 
was  completed  by  his  son  Peter  Uollond  ;  who,  conceiv- 
ing that  the  same  method  might  b«  practised  with  success 
with  convex  eye-glasses,  found,  after  a  few  trials,  that  it 
might  be  done.  Accordingly  he  finished  an  object-glass 
of  5  feet  focal  length,  with  an  aperture  of  S|  inches,  com- 
posed n{  two  convex  lenses  of  crown-glass,  and  one  con- 
cave of  white  flint  glass.  But  apprehending  afterward 
thai  the  apertures  might  be  admitted  still  larger,  he  com- 
pleted one  of  31  feet  focal  length,  with  the  same  aperture 
of  3J  inches.     Philos.  Trans,  vol.  55,  pa.  56. 

But  besides  the  obligation  we«re  under  to  Mr.  Dollond, 

■  for  corn  Cling  the  aberration  of  the  raya  of  light  iti  the 

focus  of  objtct-glasses,  arising  from  their  different  refren- 

nbilily,  he  made  another  considerable  improvement  in  te- 

leaoopes,  viz,  by  correcting,  in  a  great  measure,  both  this 


kind  <rf  aberration,  and  also  thai  which  arises  froa  the 
spherical  form  of  lenses,  by  an  expedient  of  a  very  difereBt* 
nature,  via,  increasing  the  number  of  eye-glawes.  If  any 
person,  says  be,  would  have  the  visual  angle  of  a  telescope 
to  contain  90  degrees,  ibe  extreme  pencils  of  the  field 
must  be  bent  or  refracted  in  an  angle  of  lOdegrees;  whicl, 
if  it  be  {wrformed  by  one  rye-glaiM,  will  cause  an  aberr^ 
tion  from  tbe  figure,  in  proportion  to  tbe  cube  of  that 
angle ;  but  if  two  glasses  be  so  proportioned  and  situated, 
as  that  the  refraction  may  be  equally  divided  between 
them,  they  will  each  of  them  produce  a  refraction  equal 
to  half  the  required  angle  ;  and  fhcreibre,  the  aberradon 
being  in  this  case  proportional  to  double  the  cube  of  half 
tM  angle,  will  be  but  a  4lh  part  of  that  which  is  In  pro* 
portion  to  the  cube  of  the  whole  angle ;  because  twice  the 
cube  of  1  is  but  i  of  the  cube  of  S ;  so  that  the  aberration 
from  the  figure,  where  two  eye-glasses  are  rightly  propor- 
tioned, is  but  a  4th  pai't  of  what  it  mutt  unavoidably  t>e, 
where  the  whole  is  performed  by  a  single  eye-glaie.  By 
the  same  way  of  reasoning,  when  tbe  refraction  is  divided 
among  three  glasses,  the  aberration  will  be  found  to  be 
but  tbe  9tfa  part  of  what  would  be  produced  from  a  single 
glass;  because  3  times  the  cube  of  1  is  but  the  gth  part 
of  the  cube  of  3.  Whence-  it  appears,  that  by  increaang 
Ihe  number  of  eye-glasses,  the  indistinctness,  near  the 
borders  of  the  field  of  a  telescope,  may  be  very  much 
diminished,  though  not  entirely  taken  away. 

The  method  of  cuptccling  the  errors  ariiung  from  tbe 
different  refiangibility  of  light,  is  of  a  diffttent  considera- 
tion from  the  former :  for.  wlfereas  tiic  errors  fram  tbe  fi- 
gure can  only  be  diminished  in  a  certain  proportion  to  the 
number  of  glit&»e!<,  in  this  ihiy  n^ay  be  entirely  corrected^ 
by  ihe  additioivof  only  one  gibss ;  as  we  find  in  the  astro- 
nomical telescope,  that  two  eye-glasses,  rightly  propor- 
tioned, will  cause  the  edges  of  objects  to  appear  free  from 
colours  quit*  to  the  borders  of  the  field.  Also,  in  the  day 
telescope,  where  no  more  than  two  eye  glasses  are  abs<^ 
lulely  necessary  for  erecting  the  object,  we  find,  by  the 
addition  of  a  third  rightly  situated,  that  the  colours, 
which  would  otherwise  confuse  the  image,  are  entirely  re- 
moved :  but  this  must  be  underttood  with,  some  limitation; 
for  though  ihe  different  colours,  which  the  extreme  pen- 
cils must  necessarily  be  divided  into  by  tbe  edges  of  the 
eye-glasses,  may  in  this  manner  be  brought  to  the  eye  in  a 
direction  parallel  to  each  other,  so  as,  by  iti>  humours,  to 
be  converged  to  a  point  in  the  retina,  yet  if  the  glasses  ex- 
ceed a  certain  length,  the  colours  may  be  spread  too  wide 
to  be  capable  of  being  admitted  through  the  pupil  or  aper- 
ture of  the  eye;  which  is  the  reason  that,  in  long  tele* 
scopes,  consirucled  in  the  common  way,  with  three  eye- 
glas.ses,the  field  is  always  veryjnuch  contracted. 

These  considerations  first  set  Mr.  Dollond  on  contriving 
how  to  enlarge  the  field,  byincreatii^  the  number  of  eye- 
glasses, without  lessening  the  distinctness  or  brightness  of 
the  image:  and  though  others  had  laboured  at  the  same 
work  before,  yet  observing  that  the  five-glass  telei^copa, 
sold  in  the  shops,  would  admitof  further  improvement,  he 
endeavoured  to  construct  one  with  tbe  same  number  of 
.glasses  in  a  better  manner ;  which  so  far  answered  bis  ex- 
pectatiims,  aa  to  be  allbwed  by  tbe  best  judges  to  be  a  co»> 
siderable  improvement  on  the  former.  Encouraged  by 
this  success,  he  resolved  to  try  if  he  could  not  mehe  some 
further  enlargement  of  the  field,  by  the  additien  of  another 
glass,  and  by  placing  and  proportioning  the  glnitet  in  such 
a  nanDer,  as  to  coriect  the  aberrations  as  much  as  potsi- 
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b\t,  without  uny  detrimctit  lo  the  Jiitinctnew  :  and  M  last    inches,  Bad  10  irches  that,  with  the  ftperlun  8  indie^ 

.'  he  nbtfiined  as  large  ^  (leid  as  is  cunveni^ni  or  neccsMry,  and  magoifying  45  timoa;  uid  iIm  fourth  52  inches,  and 

uid  [bat  even  in  the  loogeit  telescopes  that  can  be  made.  14  inches  shut,  with  the  apertnte  2|  inches,  and  magni* 

Vbese  telescopes,  with  6  gla&ses,  having  been  well  received  fying  5&  limn. 

both  at  home  and  abroad,  the  author  has  settled  the  date  Eulcr,  who,  in  a  memoir  of  the  Academy  of  Berlin  for 
of  the  invention  in  a  letter  addressed  to  Mr.  Short,  and  the  year  1757,  pa.  323,  bad  calculated  the  effects  of  all 
lead  at  the  Royal  Society,  March  1,  1753.  ^hilod.  possible  combinations  uf  lenses  in  telescopes  and  micros- 
Tram,  vol.  48,  an.  14.  copes,  pulilisheil  another  long  memoir  on  the  subject  of 
Of  the  achromatic  telescopes,  invented  by  Mr.  Dollond,  these  teletcopi^showing  with  precision  of  what  advantages 
there  are  several  different  sizes,  from  one  foot  lo  8  feet  in  th«y  are  naturally  capable.  See  Miscel.  I'aorin.  toI.3, 
length,  made  and  sold  by  his  sons  P.  and  J.  Dellond.     la  part  S,  pa.  93. 

(he  17-incfa  improved  achromatic  telescope,  the  object-  Mr.CalebSmith,haTingpaid  much  attentiantotheaub- 
glass  is  composed  of  three  glasses,  via,  two  Convex  of  ject  of  shortening  and  improving  telescopes,  thought  he 
crown-gtnra,  and  one  concave  of  white  flint  glass :  the  to-  had  found  it  possible  to  rectify  the  errors  which  arise 
cal  distuncc  of  this  cgnibincU  object-glasa  is  about  17  from  the  different  d^rees  of  refrangibility,  on  the  princi- 
inches,  and  the  diameierof  the  aperture  2  inches.  There  pie  tbut  the  sines  of  refraction  of  rays  di£kr«atjy'refnu)gi- 
are  4  eye-glasses  contained  in  the  lube,  to  be  used  for  land  -  ble,  are  to  one  another  in  a  given  proportion,  when  their 
objects;  tbe  magnifying  power  with  these  i*  near  50  times;  sines  of  incidence  are  equal ;  and  the  method  he  proposed 
and  tbey  are  adjusted  to  different  sights,  and  to  diCTerent  for  this  purpose,  was  to  malie  the  specula  of  glass,  instead 
distances  of  the  object,  by  turning  a  finger  screw  at  the  of  metal,  the  two  surfaces  having  different  degrees  of  con- 
end  ot  the  outer  tube.  There  is  another  tube,  containing  cavity.  But  it  does  not  appefir  that  this  schenie  was  ever 
two  eye-f  lasses  that  magnify  about  70  times,  fofastrono-  carried  into  practice.  See  Pbiloa.  Trans.  No.  456,  pa.  336. 
mical  purposes.  The  telescope  may  be  directed  lo  any  '  The  ingenious  Mr.  iRamsden  has  lately  described  a  new 
object  by  turning  two  screws  in  the  stand  on  which  it  is  construction  of  eye-glasses  for  such  te^copes  as  may  be 
fixed,  the  one  giving  a  vertical  moiion,  and  the  other  a  applied  to  mathematical  iustruments.  The  constructioa 
honiontal  one.  The  stand  may  be  inclosed  in  the  inside  which  he  proposes.is  that  of  two  plano-convex  lenses,  both 
of  the^rass  tube.  of  them  placed  between  the  eye  and  the  observed  image 
The  object-glass  of  the  2}  and  3}  feet  telescopes  is  com-  formed  by  the  object-glass  of  the  instrument,  and  thus 
posed  of  two  glasses,  one  convex  of  crown  glass,  and  the  correcting  not  only  the  aberration  arising  fr6m  the  spher>- 
other  concave  of  white  flint  glass ;  and  the  diameters  of  cal  figure  of  the  lenses,  but  also  that  arising  from  the  dif- 
dicir  apertures  are  3  inches  end  S)  inches.  Each  of  them  ^rent  refrangibility  oflight.  For  a  more  particular  ac- 
ts furnished  with  two  tubes  ;  one  fur  land  objects,  con-  count  of  this  construction,  itii  principle,  ami  its  effects,  see 
tainfng  four  eye-glasses,  and  another  with  two  eye-glasses  Philos.  Trans,  vol,  73,  art.  S. 

for  astronomical  uses.  They  are  adjusted  by  buttons  on  A  construction,  similar  at  least  in  its  principle  to  that  ' 
the  outside  of  the  wooden  tube;  and  the  vertical  and  ho-  above,  is  ascribed,  in  the  Synopsis  Optica  Honorati  Fabri, 
riiontal  motions  are  given  by  joints  in  the  stands.  The  to  Eustochio  Divini,  who  placed  two  equal  narrow  piano- 
magnifying  power  of  the  least  of  these  telescopes,  wi[h  the  convex  lenses,  instead  of  one  eye  lens,  to  his  telescopes, 
eye-glass  for  land  objects,  is  near  50  times,  and  with  those  which  touched  at  their  vertices ;  ihe  focus  of  the  object- 
for  astronomical  purposes,  80  limes ;  atid  that  Of  the  glass  coinciding  with  the  centre  of  the  plano-convex  lens 
greatest  for  land  objects  is  nearTOtimes,  but  for  astrono-  next  it.  And  this,  it  is  said,  Was  done  at  once  both  to 
mical  observations  SO  and  130  times;  for  this  has  two  make  the  rays  that  come  parallel  from  the  object  fall  pa- 
tubes,  either  of  which  may  be  used  as  occasion  requires,  rallel  upon  theeye,  to  exclude  tbe  colours  of  the  rainbow 
This  telescope  is  also  moved  by  a  screw  and  rackwork*  from  it,  to  augment  the  angle  of  sight,  tbe  field  of  view, 
and  the  screw  is  turned  by  means  of  a  Hook's  joint.  tbe  brightness  of  the  object,  &c.  This  was  also  known  to 
These  opticians  also  construct  an  achromatic  pocket  Huygens,  who  sometimes  made  use  of  tbe  same  construc- 
peTspectiveglass,or  Galilean  telescope;  so  contrived,  that  tion,  and  gives  the  theory  of  it  in  his  Diogtrics.  Se«Hu- 
all  the'different  parts  are  put  together  and  contained  in  genii  Opera  Varia,  vol.4,  6i.  1728. 
one  piece  4j  inches  long.  This  smalt  telescope  is  fur-  TKi.e.scov^,  Refteeiing,  of  Catoptric,  or  Catadioptric,  h 
nished  with  4  concave  eye-glasses,  the  magnifying  powers  a  telescope  which,  instead  of  lenses,  consists  chiefly  of 
of  which  arc  6,  12,  18,  and  28  limes.  With  the  greatest  mirrors,  and  exhibits  remote  objects  by  reflection  instead 
power  of  this  telescope,  the  sateHites  of  Jupiter  and  the  of  refraction, 

ring  of  Saturn  may  be  easily  seen.-    They  have  alto  con-  A  brief  account  of  the  history  of  tbe  intention  of  this 

trived  an  acbromatic  telescope,  the  sliding  lubetnf  which  important  and  useful  telescope,  is  as  follows.     The  inge- 

are  made  of  very  tliin  brass,  which  pass  through  springs  nious  Mr.  James  Gregory,  of  Aberdeen,  has  been  com- 

or  tubes;  Ae  outside  lube  being  either  of  mahogany  or  monly  coiisidered  as  tbe^rst  inventor  of  this  telescope.— 

brass.     These  telescopes,  which  ffom  their  canvenienoe  'But  it  >e6ms  the  first  thought  of  a  reflector  hw)  been  eug- 

for  gentlemen  in  the  army  an;  called  military  telescopes,  jested  by  Uersehne,  about  20  years  before  the  dale  of 

have  4  convex  eye-glasses,  whose  surfaces  artd  focal  lengths  Gregory's  invention:  a  hint  to  this  purpose  occurs  m  the 

are  so  proportioned,  as  to  render  the  field  of  view  very  7th  proposition  of  his  Catoptrics,  which  was  primed  in 

large.     Tbey  are  of  4 different  lengths  and  sties,  usually  1651:  and  it  appears  from  the  3dand  29th  letters  of  Des- 

CHlled  one  foot,  2,  3,  and  4  feel:  the  firat  is  14  inches  cartes,  in  vol.3  of  his  Letters,  which  it  is  said  were  written 

wbrs  in  use,  and  5  inches  when  shut  up,  having  the  aper-  in  t€^,  though  they  were  not  published  till  the  year  \666, 

turc  of  the  object-glass  1-,^  inch,  and   magnifying   22  that  Mersenne  proposed  a  telescope  with  specula  to  Dea- 

times :  the  second  38  inches  for  use,  9  inches  shut  up,  the  cartes  >n  that  correspondence ;  thengh  inde^  in  a  manner  . 

apcnuie  1^  inch,  and  Uagnifyi  ng  95  iti&e* ;  the  third  40  so  very  untatiri'actory,  that  Detciftas,  who  bail  given  par- 
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ticalu  attention  to  the  iTDprorement  oF  the  telmcope,  wu  repeatedtri«ls,be  at  last  fuuud  a  compoution  that  answered 

10  far  from  approving  the  propoul,  that  he  endea»oured  in  some  degree,  leaving  Ie  to  those  who  should  comeafter 

tp  coiiviace  Mcrwnne  of  its  fallacy.     This  point  has  been  him  to  find  a  better.     These  difficulties  have  Hccordinglj 

largely  discussed  by  Le  Roi  in  the  Encyclopedia,  arl.Te-  been  since  obviated   by  other  artists,  particularly  by  Dr. 

lescupe,  andby  Montuclainhis  Hist,  dca  Maibem.  torn. 2t  Mudge,  the  rev.  Mr.  Kditards,  and    Dr.  Uerschel,  &c. 

pa.  (i43.  Newton  having  succeeded  so  far,  he  communicated  to  the 

Whether  Gref-ory  had  seen  Mcrsenne's  treatise  on  opiici  I^oyal  Society  a  full  and  satisfactory  account  ot  the  con- 

and  catoptrics,  and  whether  he  availed  himself  of  the  bint  st ruction  and  performance  of  his  telescope.     The  Society, 

tberesuggested,  ornotiperhnpscannot  now  bedetermined.  by  their  secretary   Mr.  Oldenburg,    trnnsmitted  an  ae- 

He  was  led  however  to  the  invention  by  seeking  to  correct  count  of  the  discovery  to  Mr.  Huygens,  celebrated  as  a 

two  imperfections  in  the  common  telescope:  the  first  of  distinguished  jmprovcr of  tbe  refractor ;  who  not  only  re- 

these  was  its  too  great  length,  which  made  it  troublesome  plied  to  the  Society  in  terms  expressing  his  high  approba- 

to  manage  ;  and  the  second  was  the  incorrectness  of  ^e  tion  of  the  invention,  but  drew  up  a  favourable  account 

image..    It  bad  been  already  demonstrated,  that  a  pencil  of  the  new  telescope,  which   be  caused  to  be  published  in 

of  rays  could  not  be  collected  in  a  single  point  by  aspberi-  the  Journal  des  S^avans  of  the  year  l673,  and  by  this 

callens;  and  also,  that  the  image  transmitted  by  such  a  mode  of  communication  it-was  soon  known  over  Europe, 

lens  would  be  in  some  degree  incurvated.     These  incoiive>  See  Huygenii  Opera  Varia,  torn.  4. 

niencies  he  thought  might  be  obviated  by  substituting  for  Notwithstanding  the  excellence  and  utility  of  this  coo- 

the  object-glass  a  metallic  speculuiji,  of  a  parabolical  li-  trivance,  and  the  bonourable  manner  in  which  it  was  an- 

gure,  to  receive  theimage, and  toreflectittowardsasmall  nounced  to  the  world,  it  seems  to  have  been  greatly 

tpeculum  of  the  same  metal  j  this  again  was  to  return  the  neglected  for  nearly  half  a  century.    Indeed  when  Newton 

image  to  an  eye-glass  placed  behind  the  great  speculum,  had  published  an  account  of  his  telescopes  in  the  Philos. 

which  was,  for  that  purpose,  to  be  perforated  in  its  centre.  Trans.  M.  Cassegrain,  a  Frencbman,  in  the  Journal  des 

This  construction  he  published  in  l663,  in  his  Optica  Spavans  of  l672,  claimed  the  honour  of  a  similar  inven- 

Fromota.     But  as  Gregory,  according  to  his  own  account,  tion^  and  said,  that,  before  he  heard  of  Newton's  improve- 

posaessed'no  mechanical  skill,  and  could  not  find  awork-  menl,  he  bad  bit  upon  a  better  construction,  by  using  a 

man  capable  bf  realising  bis  invention,  after  some  fruitless  small  convex  mirror  instead  of  the  reflecting  prism.     This 

trials,  he  was  obliged  to  give  up  the  thoughts  of  bringing  telescope,  which   w^  the  Gregoriau  one  disguised,  the 

telescopes  of  this  kind  into  use.  large  mirror  being  perforated,  and  which  it  is  said  was 

Sir  Isaac  Newton  however  interposed,  to  save  this  qx-  never  executed  by  the  author,  is  much  shorter  than  the 

celleat  invention  from  perishing,  and  to  bring  it  forward  Newtonian;  and   the  convex  mirror,  by  dispersing  the 

to  maturity.     Having  applied  himself  to  the  improvement  rays,  serves  greatly  to  increase  the  image  made  by  the 

of  the  telescope,  and  imagining  that  Gregory's  specula  large  concave  mirror, 

were  neither  very  necessary,  nor  likely  to  be  executed,  he  Newton  made  many  objections  to  Cassegrain's  constmc- 


began  with  prosecuting  the  views  of  Descartes,  whi 

at  making  a  more  perfect  image  of  an  object,  by  grinding 

lenses,  not  to  the  figure  of  a  sphere,  hut  to  that  formed 

from  one  of  the  conic  sections.     But,  in  the  year  i666, 

having  discovered  the  diSerent  rcfraugibility  of  the  rays 

of  light,  and  finding  that  the  errors  of  telescopes,  arising     telescopes, 

from  that  cause  alone,  were  much  more  considerable  than     may  be 


tion,  but  several  of  them  equally  affect  that  of  Gregory, 
which  has  been  found  to  answer  remarkably  well  in  the 
hands  of  good  artists. 

Dr.  Smith  took  the  pains  to  make  many  calculations 

of  the  magnifying  power,  both  of  Newton's  and  Cass^rain's 

order  to  their  further  improvement,  which 

'  "   Optics,  Rem.  p.  97. 


such  as  were  occasioturd  by  the  spherical  figure  of  lenses,  Mr.  Shorf,  it  is  also  said,  made  several  telescopes  on 

he  was  constrained  to  turn  his  thoughts  to  reflectors.  The  the  plan  of  Cassegrain. 

plague  however  interrupted  his  progress  in  this  business  ;  Dr.Hookecoustructed  a  reflecting  telescope  (mentioned 
•o  that  it  was  towards  the  end  of  l668,  or  in  the  beginning  by  Dr.  Birch  in  his  Hist,  of  the  Royal  Soc.  vol.  3,  pa. 
of  1699,  when,  despairing  of  perfecting  telescopes  by  122)  in  which  tbe  great  mirror  was  perforated,  so  that 
means  of  refracted  light,  and  recurring  to  the  construction  the  spectator  looked  directly  towards  the  object,  audit 
of  reflectors,  he  set  about  malfing  his  own  specula,  and  was  produced  before  the  Royal  Society  in  1 674.  On  thi* 
early  in  tbe  year  )67S  completed  two  small  reflecting  tele-  occasion  it  was  said  that  this  construction  was  first  pro- 
scopes.  In  these  he  ground  the  large  speeultim  into  a  posed  by  Mersenne,  and  afterwards  repeated  by  Gregory, 
spherical  concave,  being  unable  to  accomplish  the  para^  but  that  it  bad  never  been  actually  executed  before  it  wu 
tralic  form  proposed  by  Gregorv  ;  but  though  he  then  done  by  Hookc.  A  description  of  this  instrument  may  be 
despaired  of  performing  that  work  by  geometrical  rules,  teen  in  Hooke's  Experiments,  by  Derham,  pa.  269. 
yet  (as  he  writes  in  a  letter  that  accompanied  one  of  these  The  Society  also  made  an  unsuccessful  attempt,  by  em- 
instruments,  which  be  presented  to  the  Royal  Society)  be  ploying  an  artificer  to  imitate  the  Newtonian  construe 
doubted  not  but  that  the  thing  might  in  some  measnre  be  tion  ;  however,  about  half  a  century  after  the  invention 
accomplished  by  mechanical  devices.  With  a  perseverance  of  Newton,  a  reflecting  telescope  was  produced  to  the 
equal  .to  bis  ingenuity,  he,  in  a  great  measure,  overcame  world,  of  the  Newtonian  construction,  which  the  venerable 
another  difficulty,  which  was  to  find  a  metallic  substance  author,  ere  yet  be  had  finished  hb  very  distinguished 
(hat. would  be  of  a  proper  hardness,  have  the  fewest  pores,  course,  had  tbe  satis&ciion  to  find  executed  in  such  & 
and  receive  the  smoothest  polish  :  this  difficulty  he  deemed  manner,  as  left  no  room  to  fear  that  the  invention  would 
almost  insurmountable,  when  he  considered  that  every  ir-  longer  continue  in  obscurity.  This  effectual  service  to 
r^ularity  in  a  reflecting  surface  would  make  the  rays  of  science  was  accomplished  by  Mr.  John  Hadley,  who,  in 
light  deviate  5  or  6  times  more  out  of  their  due  course,  the  year  1733,  presented  to  the  Royal  Society  a  telescope^ 
thtm  the  lik«  irn^gularitiea  in  a  refracriug  surface.'  After  which  ha  had  coutiructcd  on  Newton's  plui.    The  two 


DgizccoyVjUO^Lt: 


,TEL  [    497    3  TEL 

telescnpes  wliicb  Newton  had  roide,  were  but  &  iachvi  lum ;  a  degree  of  jwrfcction  which  Gregory  and  Newton 
.  long,  were  faeld  io  the  hand  for  viewing  objicta,  and  in  despain-d  of  attaining,  and  which  Hadlty  it  sctms  had 
power  were  compared  toafi-fcel  refratlor  :  bm  ihe  radius  never  attempted  izi  either  of  his  telcacopes.  However,  the 
of  the  sphere,  to  which  ihe  principal  spiculum  of  ilud-  secret  of  working  that  configuration,  whatever  it  was.  it 
ley'ii  wu  ground,  was  10  feet  6i  inches,  tind  consequently  seeps  died  wllb  tbal  ingenious  arliat;  though  lately  in 
its  focal  length  was  OSj-  inches.  In  the  Philos,  Trans,  some  degree  discovered  by  Dr.  MuHge  and  others. 
Abr.  vol.  6,  pa.  646,  66+,  (nay  be  leen  a  drawing  and  de-  On  the  hi'itory  of  reflecting  telescopes,  see  Dr.  Da«id 
■criplion  of  this  telescope,  and  also  of  a  very  ingenious  Gregory's  Elem.  of  Catopt.  and  Dioptr.  j^ppendix  by  De- 
.  but  complex  apparatus,  by  which  it  was  managed.  One  saguliersr  Smith's  Optics,  bouk  3,  c.  2,  Itein.onart.4bd: 
«f  these  telescopes,  in  which  the  focal  length  of  the  large  and  Sir  John  Pringle's  excellent  Dincourse  on  the  Jnven- 
mirror  was  not  quite  5}  feet,  wai  compared  with  the  ce-  lion  See  of  the  Reflecting  Telescope, 
lebimteil  HuygeniaD  telescope,  which  had  the  focal  length  Cotuirvction  of  the  R^tcting  Te/enape  qfthe  Newioniah 
of  its  object-glass  133  feel ;  and  it  was  found  that  the  form. — Let  abcd  (fig.  1,  pi.  38]  be  a  large  lube,  open  at 
former  would  bear  such  a  charge,  as  tu  make  it  magnify  ad,  and  closed  at  ac,  and  its  length  at  least  equal  to  the 
the  object  as  many  times  as  the  latter  with  its  due  charge ;  distance  of  the  fosus  from  the  metallic  spheriLal  concave 
and  that  it  represented  objects  as  distinctly,  though  not  spLfulum  ob  placed  at  the  end  bc.  The  rays  eq,  va,  itc, 
altogether  10  clear  and  bright.  With  this  reflecting  tele-  proceeding  from  a  remoteobject  PEi,iDterscctoDe  another 
■cope  might  be  seen  whatever  had  been  hitherto  disco-  somewhere  before  they  enter  the  tube,  so  that  eo  and  ty 
rered  by  that  of  Hnygens,  particularly  the  transits  of  ore  those  that  come  from  the  lower  part  of  the  Ob- 
Jupiter's  latellitas,  and  their  shades  over  the  disk  of  Ju-  ject,  und  fkrx  fraKi  its  upper  part:  these  rays,  after  fall* 
piter,  the  black  list  in  Saturn's  ring,  and  the  edge  of  the  ing  on  the  speculum  eu,  will  be  reflected  so  as  t«  con- 
■hade  of  Saturn  cast  upon  his  ring.  Five  satellite*  of  Sa-  verge  and  meet  in  inn,  where  they  will  form  a  perfect 
turn  were  also  observed  with  this  telescope,  and  it  af-  image  of  the  object.  But  as  this  image  cannot  be  seen 
forded  other  observationi  on  Jopiter  and  Saturn,  which  by  the  spectator,  they  are  intercepted  by  a  small  plane 
confirmed  the  good  opinion  which  had  been  conceived  of  metallic  speculum  kic,  intersecting  the  axis  at  an  angle  of 
it  by  Pound  and  Bradley.  45°,  by  which  the  rays  tending  to  mn,  will  be  reflected 

Mr.  Hadley,  after  finishing  two  telescopes  of  the  New-  towards  a  hole  ll  in  the  side  of  the  tube,  and  the  image 
_  tonian  construction,  applied  himself  to  make  ibero  in  the  of  the  object  will  be  thus  formed  in  9s;  which  image  wilt 
.  Gregorian  form,  in  which  the  hrge  mirror  is  perforated,  be  less  distinct,  because  some  of  the  rays  which  would 
This  scheme  he  completed  in  the  year  1726.  oiherwiM:  fall  on  the  concave  speculum  gh,  are  inter- 

Dr.  Smith  prefers  the  Newtonian  construction  to  that  cepted  by  the  plane  speculum  :  it  will  nevertheless  appear 
of  Gregory  ;  hut  if  long  experience  be  admitted  as  a  flnal  pretty  distinct,  because  the  aperture  ad  of  the  tube,  and 
judge  in  su(:h  matters,  the  superiority  must  bc  adjudged  the  speculum  oh,  are  large,  in  the  lateral  hole  ll  is 
to  the  latter;  as  it  is  now,  and  has  been  for  many  years  fixed  a  convex  lens,  whose  focus  is  at  s^;  and  therefore 
patt,  the  only  instrument  in  request.  this  lens  will  refract  the  tays  that  proceed  from  any  point 

Mr.  Hadley  spared  no  pains,  after  having  completed  of  the  image,  so  as  at  their  emergence  they  will  appear 
bis  construction,  to  instruct  Mr.  Molyneux  and  Dr.  parallel,  and  those  that  proceed  from  the  extreme  points 
Bradley ;  and  when  these  gentlemen  bad  made  a  good  Sf.  will  converge  after  refraction,  and  form  an  angle  at 
proficiency  in  the  art,  being  desirous  that  these  telescopei  o,  where  the  eye  is  placed  ;  which  will  see  the  image  aa, 
should  become  more  public,  they  liberally  communicated  as  if  it  were  an  object,  through  the  lens  ll  :  consequent^ 
to  some  of  the  chief  instrument- ma  kern  of  London,  the  the  object  will  appear  enlarged,  inverted,  bright,  and  di- 
knowledge  they  had  acquired  from  him  :  and  thus,  a*  it  stincL  In  ll  may  be  placed  lenses  of  different  convexi- 
i*  reasonable  to  imagine,  reflectors  were  completed  by  ties,  which,  by  being  moved  nearer  b>  the  image  and  far- 
btherand  bettermethodsthan  even  thosein  which  they  had  therfcom  it,  will  represent  the  object  more  or  less  magni- 
been  instructed.  Mr.  James  Short  in  particular  signalized  fied,  if  the  surface  of  the  speculum  oh  be  of  a  figure  truly 
himself  as  early  as  the  year  1734,  by  performances  of  this  spherical.  If,  instead  of  one  lens  ll,  three  lenses  bedii- 
kind.  He  at  first  made  his  specula  of  glass;  but  finding  posed  in  the  same  manner  with  the  three  eye-glasses  of 
that  the  light  reflected  from  the  best  glass  specula  was  the  refracting  telescope,  the  object  will  appear  erect,  but 
much  less  than  the  light  reflected  from  metallic  ones,  less  distinct  than  when  it  is  observed  with  one  lens.  Ob 
and  that  glass  was  very  liable  to  change  its  form  by  its  account  of  the  position  of  the  eye  in  this  telescope,  it  is 
own  weight,'  he  applied  himself  to  improve  metallic  spe-  extremely  difficult  to  direct  the  instrument  towards  any 
cula;  and,  by  ^ving  particular  attention  to  their  curva-  object ;  Huygens  therefore  first  thought  of  adding  to  it  a 
ture,  he  was  able  to  give  them  greater  apertures  than  small  refracting  telescope,  having  its  axis  parall«-l  to  that 
other  workmen  could  do ;  and  by  a  more  accurate  ad-  of  the  reflector ;  this  is  called  a  finder  or  director.  The 
juslment  of  the  specula,  &c,  he  greatly  improved  the  Newtonian  telescope  is  also  furnished  with  a  suitable  ap- 
wbole  instrument.  By  some  which  he  made,  in  which  paralus  for  the  commodious  use  of  iL 
the  larger  mirror  was  ij  inches  focal  distance,  he  and  To  determine  the  magnifying  power  of  thj*  telescope,  it 
some  other  penonswere  able  to  read  in  the  Philos.  Trans,  is  to  be  considered  that  the  plane  speculum  kk  is  of  no 
at  the  distance  of  500  feet ;  and  they  several  times  saw  use  in  this  respect:  let  us  then  suppose  that  one  ray  pro- 
the  five  satellite*  of  Saturn  together,  which  greatly  sur-     ceeding  from  the  object  coiucides  with  the  axis  ptiA  of 

Erised  Mr.  Moclaurin,  who  gave  this  account  of  it,  till 
e  found  that  Cassini  had  aometimes  seen  them  all  with 
a  17  leet  refractor.  Short's  telescopes  were  all  of  the  Gre- 
gorian construction.  It  is  supposed  that  he  discovered  a 
method  of  nving  die  parabolic  figure  to  his  great  utecu- 
Vol.  II.  .3  8 


V  Google 


TEL 


[    <98   3 


TEL 


ihe  lens  and  jpccutum  :  let  bb  be  another  ray  proceeding  the  right  line  dioaok.     Let  bb  beti  ray  of  light  coining 

from  the  lower  extremity  of  the  object,  and  passing  through  from  the  lower  extremity  of  a  very  distant  visible  object, 

the  fociis^^of  ihc  speculum  kh  ;  this  will  be  reflected  in  .passing  through  the  focus  c,  and  falling  upon  the  point 

the  direction  M,  parallel  to  the  axis  gla,  and  falling  on  b  of  the  speculum  ld  ;  which,  after  being  reS«cted  from 

the  lens  dhd,  will  be  refracted  to  o,  >o  that  gl  will  be  b  to  f  in  a  direction  parallel  to  the  axis  of  the  mirror 

equal  to  Li,  and  do  =  di.    To  the  naked  eye  the  object  dak,  is  reflected  by  the  specnlum  f  soastopeu  throu^ 

would  appear  under  the  angle  lU  =  biA ;  but  by  means  the  focus  i  in  the  direction  fin  to  m,  at  the  extremity 


=  ifiL  = 


of  the  telescope  it  appears  under  the  angle  doL 
idi;  and  the  angle  iifj  is  to  the  angle  itt  as  61  to  la  ; 
consequently  the  apparent  magnitude  by  ibe  telescope,  is 
to  that  with  the  naked  eye,  as  the  distance  of  the  focus 
of  the  speculum  from  the  speculum,  to  the  distance  of  the 
focus  of  the  lens  from  the  lens. 

CoiutTuciion  qf  the  Gregorian  Reflecting  Ttlescope.- — Let     obv  to  in"  =  niv,  of  «IN 
TTfTT  (fig.  2,  pi.  38)  be  a  brass  tube,  in  which  tWu  is  a  But  abr      :     iW 

metallic  concaie  speculum,  perforated  >n  tbc  middle  at  3C ;  and  nm      :    nKit 

and  Er  a  less  concave  mirror,  so  fixed  by  the  arm  or       .  and  nsn     :     SOT 

ttrong  tvire  ht,  which  is  moveable  by  menns  of  a  long     thcref.   abv  :  sot  :  :  di  x 
icrew  on  the  outside  of  the  tube,  as^,'o  be  moved  nearer     Musscheiibroek's  Introd.  vol.8,  p.  81$. 


of  the  lent  »n,  by  which  it  would  have  been  refracted 
to  k;  but  by  the  imerposition  of  another  lens  ss  is 
brought  to  o,  so  that  the  eye  In  o  sees  half  the  object 
under  the  angle  tos.  The  angle  abr,  or  ao£,  under 
which  the  object  is  viewed  by  the  naVed  eye,  is  to  sot 
under  which  it  is  viewed  by  the  telescope,  in  the  ratio  of 

MKlt,  and  of  MK*  to   SOT. 


to,  or  farther  from  the  larger  specufum  iMit;  Us  axis 
being  kept  in  the  same  line  with  that  of  the  great  one. 
Let  AB  represent  a  very  remote  object,  from  each  part  of 
which  issue  pencils  of  rays,  as  cd,  CB,  from  a  the  upper 
extremity  of  the  object,  and  il,  il,  from  Ihe  lower  part  b  ; 
the  rays  il,  cd,  from  the  extremities,  crossing  each  other 
before  they  enter  the  tube.  These  rays,  falling  upoo  ihe 
larger  mirror  ld,  are  reflected  from  it  into  the  focus  kh, 
where  they  form,  an  inverted  image  of  the  object  ax,  as  in 
the  Newtonian  telescope.  From  this  image  the  rays,  is- 
suing as  from  an  object,  fall  upon  the  small  mirror  ef,  the 
centre  of  which  is  at  e,  so  that  after  reflectioii  they 
would  meet  in  their  foci  at  qq,  and  there  form  an  erect 
image.  But  since  an  eye  at  that  place  could  see  but  a 
■mall  part  of  an  object,  in  order  to  bring  rays  from  more 
distant  parts  of  it  into  the  pupil,  they  are  intercepted  by 
the  plaaq-convex  lens  mh,  by  which  means  a  smaller 
erect  image  is  formed  st  pT,  which  is  viened  through  the 
meniscus  ss,  by  an  ey^  at  o.  This  meniscus  both  makes 
the  rays  of  each  pencil  pa'rallel,  and  magnifies  the  image 
FV.  .  At  the  place  of  this  image  all  the  foreign  rays  are 
intercepted  by  the  perforated  parlition  zz.  For  the  same 
reason  the  hole"  near  the  eye  o  is  very  narrow.  When 
nearer  objects  are  viewed  by  this  telescope,  the  small  spe- 
culum EF  is  removed  to  a  greater  distance  from  the 
larger  ld,  so  that  the  second  image  may  be  always  for- 
med inrv:  and  this  distance  is  to  be  adjusted  (by  means 
of  the  screw  on  the  outside  of  the  great  tube}  according 
to  the  form  of  the  eye  of  the  spectator.  It  is  also  neces- 
sary that  the  axil  of  the  telescope  should  pass  through 
the  middle  of  the  speculum  ef,  and  its  centre,  the  centre 
of  the  speculum  ll,  and  the  middle  of  the  hole  x,  the 
centres  of  the  lenses  iiN,  bb,  and  the  hole  near  o.  As  the 
hole  X  in  the  speculum  ll  can  rellect  none  of  the  rays  is- 
suing from  the  object,  that  part  of  the  image  which  cor- 
responds to  the  middle  of  the  object,  must  appear  to  the 
obcerver  more  dark  and  confused  than  the  extreme  parts 
of  it  Besides,  the  speculum  ef  will  also  intercept  many 
lays  proceeding  from  the  object;  and  therefore,  unless 
the  aperture  tt  be  large,  the  object  must  appear  in  some 
degree  obscure. 

The  megnifyiRg  power  of  this  telescope  is  estimated  in 
the  following  manner.  Let  ld  be  the  larger  mirror  (lig. 
4,  pi.  38),  having  its  fbctn  at  o,  and  aperture  in  A ;'  ~  ' 
FF  the  sm&ll  mirror  with  the  focus  of  parallel  rays 


In  reflecting  telescopes  of  different  lengths,  a  given  ob- 
ject will  appear  equally  bright  and  equally  distinct,  whai 
their  linear  apertures,  and  also  their  linear  breadths,  are 
as  the  4th  roots  of  the  cubes  of  their  lengths  ;  and  con- 
sequently when  the  focal  distances  of  their  eye-glasses  are 
a'lso  as  the  4th  roots  of  their  lengths.  See  the  demonstra- 
tion of  this  proposition  in  Smith's  Optics,  ait.  36l. 

Hence  he  has  deduced  a  rule,  by  which  he  hai  comi 
puted  the  following  table  for  telescopesof  diffident  leogthii 
taking,  for  a  standard,  Ae  middle  eye~giass  and  aperture  , 
of  Hadley's  Reflecting  telescope,  described  in  Philos. 
Trans.  No.  376  and  378  :  the  focal  distances  and  linear 
apertures  being  given  in  1000th  parts  of  an  inch. 
Table  for  TeUxapet  q/"  distal  Length*. 


or  Fowl  Din.DM 

oEilieConwe. 

Fonl  Diitmce 
of  ihe 

Po«r. 

iJDcii  Apennra 

oftlW 
Coi«v.Mn»L 

Fceu 

Incbt..      . 

Incha. 

\ 

0167 

"'36' 

0-864 

1 

0199 

60 

1-440 

3 

0-236 

102 

2-448 

3 

0-261 

138 

3-3 12 

4 

0-281 

171 

4-104 

5 

0  297 

202 

4-8+3 

6 

0-311 

232 

5-56* 

7 

0-323 

360 

6-240 

8 

0334 

287 

6-888 

9 

0-344 

31+ 

7-536 

10 

0-353 

340    - 

8l60 

11 

0-362 

365 

8-760 

13 

0367 

390 

9-360 

13 

0-377 

414 

9-936 

14 

0-384 

437 

10-488 

15 

0-391 

460 

11-040 

16 

0-397 

483 

11-592 

17 

0-403 

.    506 

.12-143 

Mr.  Hadleys   telescope,    above-mentioned,  magnified 
S28  or  230  times  ;    but  we  are  informed  that  an  objcct- 
'metal  of  3{  feet  focal  distance  was  wroughtby  Mr.  Hanks- 
bee  to  sq  great  a  perfection,  as  to  magnify  ;JS6  times,  and 
therefore  it  wa*  scarcely  infferior  to  Hadlay's  of  5i  feet, 
and     If  Hauksbee's'tetirscope  be  taken  for  a  new  standard,  it 
n  I,     follows  that  a  speculum  of  one  fbot  focal  distance  ought 
aad  ilie  axis  of  belk  the  specula  and  leases  vs,  Hi  be  is    H>  magnify  93  times,  whereu  the  above  table  allows  it 


Digi-zecayV^UU^ie 


TEL  E    *»  ^  TEM 

but  60.  '  Now  J^  =   r55,  and  the  giwn   Gotumn    of    the  naked  cyt,  being  only  disceniible  iy  means  of  a  tete- 

lagnjfying  powers  muJtiplied   by  this  number,  gives  a     scope.— All  iters  less  than  those  of  the  6ih  magnitude,  ai» 

h  the  object-metaU  ought    telescopic  to  an  ordinary  eye. 


new  coIiimTi,  shoi 


to  magnily  if  Wrought  up  to  the  perfection  of  Haukabce's. 
And  thus  a  new  table  may  be  eauily  made  for  this  or  any 
other  more  perfect  standard,  taking  also  the  new  eye- 
glasses and  apertures  in  the  same  ratio  to  one  anolbor  as 
the  old  ones  hare  in  this  table.     Smith's  Optics,   Rem'. 

pa- 79.  _j  „...  j,.„,. 

The  magnifying  power  of  any  telescope  may  be  eBsii«    stances  one  from  the 
foQnd  by  experiment,  viz,  by  looking  with  oneeyethrouj^D 


TEMPERAMENT,  in  Music,  is  defined  by  Rouneau 
to  be  an  operation  which,  by  means  of  a  slight  alteration 


intervals,  causes  the  difference  between  two  con- 
tiguotu  sounds  to  disappear,  makes  each  of  these  sounds 
seem  identical  with  the  other,  which,  without  ofending  ihe 
--  may  still  preserve  their  respective  intervals  or  di- 
Bythis  operation  the  scale 
is  rendered  more  simple,  and  the  number  of  sounds  whlcl* 


the  telescope  upon  aft  object  (rf  known  dimensions,  and  at    would  otherwise  be  necessary  retrenched.     Had  m^l  .ud 
-  -i™  dislance.aDdthrowiDg  the  image  upon  another  ob-    ^^le  been  thus  modified,  instead  of  12  sounds  alone  which 


ject  seen  with  the  naked  eye.     Dr.  Smith  has  given  a  par- 
ticular account  (rf  the  process.  Rem.  pa.  79. 

But  the  easiest  method  of  all,  is  to  measure  the  diame- 
ter of  the  aperture  of  tb»  object-glass,  and    thai  of  the 
little  image  of  it,  which  is  formed  at  the  place  of  the  eye, 
'    For  the  proportion  between  these  gives  the  ratio  of  the 


contained  hi  the  octave,  more  than  60  would  be  indi. 
spctisably  required  to  form  what  is  properly  called  Modu- 
lation in  every  tone. 

It  is  proved  by  computation,  that  on  the  organ,  th« 

harpsichord,  and  every  otherinstrument  with  keys,  there 

or  the  proportion  between  these  gives  the  ratio  of  the    ;,  „ot,  and  there  scarcely  can  be,  any  chords  properly 

tagmfying  power,  provided  no  part  of  the  original  pencil    ,„  tune,  save  the  octave  alone.    The  cause  is  this,  that 


be  intercepted  by  the  bad  construction  of  the  telescope. 


the  octave  alone.    The  cause  is  this,  that 
though  3  thirds  major,  or  4  thirds  minor,  ought  to  form 


For  in  all  cases  the  magnifying  power  of  telescopes,  or    » just  octave,  those  are  found  to  surpass,  and  thesenot 
microscopes,  is  measured  by  the  proportion  of  the  diamo-    reach  it. 


ter  of  the  original  pencil,  to  that  of  the  pencil  which  en- 
ters the  eye,     Pricstle/s  Hist.'  of  Light,  pa.  747, 

The  most  considerable,  and  indeed  truly  astonishing 
magnifying  powers,  that  have  ever  been  used,  are  those 
Af  Dr.  Herachel's  reflecting  telescopes.     Some  account  of 

Ihese,  anil  of  the  discoveries  made  by  rtiem,  has  been  al-      ij.,!.  -  -     ,    -   ,        ,      *  -    '    i 

,'.         ,       ,       .       ■         ..  ■    c.        Z    L-       'i    1    al    the  way  to  each  pole,  where  It  IS  least. 

jeady  introduced  under  the  artide  Star;  for  his  method         ^^  ,«„'-  „„  r  il     j,   1 ■ 

of  ascei  laining  them,  see  Philos.  Trans,  vol,  72,  pa.  173  »..•=-.»"=.  -    j-  ^.-. 

&c.     See  also  several  of  the  other  late  volumes  of  the 

Philos.  Trans.     Likewise  vol.  17,  pa.  503,  of  my  Abridg. 

of  thcPhilos.  Trans,  fur  a  description  of  Hcrschel's  40-foot 

reflecting  telescope,  with  an  engraved  representation  of  all 

its  inacbinery  ;  see  also  plate  xv  of  this  Dictionary. 

Dr.  Herschcl  observes,  that  though  opticians  have 
proved,  that  two  eyc-flaues  will  give  a  more  Correct  image 
than  one,  he  hM  always  (from  experience)  penitted  in  re- 
fii»n^  the  assistance  of  a  second  glass,  which  i«  sure  to 
introduce  errors  greater  than  those  he  woirid  correct, 
"  Let  us  resign,"  says  he,  "  the  double  eyeglass  to  those 
who  view  objects  merely  for  ontetiainment,  and  who  must 
heTe  an  exorbitant  field  of  view.     To  a  philosophi 


TEMTERATURE,  the  degree  or  quantity  of  beat  in 
any  substance  or  place;  as,  in  the  atmosphere,  in  a  cli- 
mate, in  the  earth,  in  the  ocesn,  &c.  fn  all  these  cases, 
the  heat  i»  gtcater  in  the  lower  latitudes,  than  in  tho 
higher:  being' greatesfat  the  equator,  and  gradually  less 


TEUVER'ATtTRE  ^  tie  AiJKofjjhere,  n  greatest  at  die 
bottom,  next  the  earth's  surface,  where  it  is  warmed  by 
the  contact  of  the  earih,  and  by  rhe  reflection  of  the  son  s 
heat  from  it.  From  hence,  gradually  in  ascending  up  in 
tbe  atmosphere,  the  heat  is  always  the  less,  (ill;  in  the  up> 
per  regions,  there  is  perpetual  cold  or  frost,  and  diat  mora 
or  less,  at  equal  elevations,  in- all  latitodes.  In  so  mocfa 
that,  at  a  certain  elevation  above  the  sea,  peculiar  to  each 
latitude,  the  mountains  exhibit  perpetual  frost  or  snow,  if 
not  higher  than  where  vapour*  ascend  in  the  atmosphere  ; 
which  appearance  of  ice  or  snow  terminates,  however 
cold,  at  the  highest  point  of  the  ascent  of  vapours.  This 
latter  point  may  be  tcnned'-the  upper  altitude  terminationi 
as  the  former  is  the  lower.     And  the  heights  of  these  two 


mpardonable   indulgen 
single  and  double  rye-glas 


I  have  tried  botb  the     terms,  for  the  diftrent  latitudes,  have  been  observed 


they 


here  exhibited  in  the  following  table ;  the  latir 


T  powere,  aiitt  alwa^^t 
.....(,->•  <j<--A'-'~ -'».  much  the  inperiontv      ,       ,.,-.-  ,- .-    , 

»  point  of  tight  and  distinct™^.     Witb  the  double  eyi    >•"*  Bttitude,  m  feet,  of  the  lower  aed  upper  terms, 
glass  I  could  .not  ^e  the  belts  in  Swurn,  which  I  very     ^d  and  3d  columns, 
plainly  saw  with  the  single  one.     1  would  however  except 
all  those  cases  where  a  large  field  is  absolutely  necessary, 
and  whete  power  joined  to  distinctness  is  not  the  sole  ob- 
ject of  our  view."     Philos.  Trans,  vol,  72,  pa,  95. 

Meridian  Telebcdpr,  h  one  that  is  &xed  St  right  an- 
gles to  an  axis,  and  turned  about  it  in  the  plane  of  the 
meridian  ;  and  is  otherwistf  called  a  Transit  Instrument. — 
The  common  use  of  this  is  to  correct  the  motion  of  a 
clock  or  watch,  by  daily  observing  the  esact  time  when 
the  sun  6t  a  star  comes  to  the  meridian.  It  serves  alto 
for  a  variety  Of  other  uses.  The  iruuverse  axis  is  placed 
horizontal  by  a  spirit  level.  For  tfe  farther  description 
and  method  of  fixing  this  instrument  %^  means  of  its 
levels  fcc,  see  Smith's  Optics,  pa.  321.     See  BteoTaAMSiT 
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10 
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4913 
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13 
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60 

3684 

6546 

20 

13719 

24661 

65 

2516 

4676 

35 

13020 

2342S 

70 

1557 
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30 
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75 

748 

1346 

35 
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19lfi9 

80 
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207 

40 
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TELESOOnCAL  Start,  are  such  as  are  not  vinblo-  to 


By  divldmg  each  number  in  the  2d  tolumn,  by  its  cor- 
reapontKitg  nan»ber  in  the  Sd,  the  quotieitts  generally 
««me  oat  -5*6,  or  nevly  ^  wsc^tiiBg  aooie  veiy  few 
3S  3 


yVjOOgle 


TE  ^ 


C  &(»  3 


TEN 


inegular  numben,  vhich  must  have  been  errora  in  the  and  generally  approaches  to  the  mean  annual  heat.   Thus, 

obKrrationi.     I  find  also  thai  the  numbers  in  both  these  the  temperature  of  springs  it  nearly  the  same  as  the  mean 

columns  are  very  nearly  pToportional  to  the  squares  of  annual  heat,  and  vanes  very  little  in  different  seasons.  The 

the  cosines  of  the  latitudes,  excepting  a  fen  of  the  num-  temperature  of  the  cave  at  the  ohservatory  of  Purls,  of 

ben  belonging  to  the  very  high  latitudes;  and  indeed  that  about  90  leet  deep,  is  about  5i\  degrees:  varying  only 

those  in  the  3d  column  ought  to  be  expressed  by  this  about  half  a  degree  in  very  cold  years.     The  internal 

formula  280(X)c*,  where  c  denotes  the  cosine  of  the  luti-  heat  of  the  earth  in  our  climate  is  always  above  40°, 

lade,   to  radius  ].     Hence  ^  of  SSOOOc*,   or  '-A-°°°°c'  aod  therefore  the  snow  generally  begins  to  melt  first  at 

will  pve  the  proper  numbers  for  the  2d  column.     And  the  bottom.     Mr.  Boyle  kept  a  thermometer  for  a  year, 

hence  the  iiT^ttlar  numbers,  in  both  the  columns,  may  in  a  cave  80  feet  deep,  and  found  the  liquid  remain  sta- 

be  corrected.  tionary  all  the  time.     Dr.  Withering  made  a  similar  ex- 

TEHPEaATpax<l/' tAe  CUmattfh  that  of  the  airnhich  periment  on  a  well  84  feet  deep,  at  Edgbastun,  near  Bir- 

we  breathe,  at  the  aarth's  surface,  or  the  bottom  of  the  mingham,  the  temperature  of  which  was  found  to  be  49° 

aliDosphere.     This  temperature  is  higher  as  the  place  is  in  every  month  of  the  year  1798.     A  remarLable  circum- 

nearer  the  equator,  and  as  the  time  or  the  season  is  stance  however  is  observable  in  experiments  made  on  pits 

nearer  the  warmest  part  of  the  year,  near  the  summer  or  wells  of  a  moderate  depth.     Mr.  Gough  kept  a  monthly 

•quinox.  account  of  the  temperature  of  a  well,  for  the  years  1795 

At  London,  by  «  mean  of  the  observations,  for  each  and  1 798,  of  only  20  feel  deep,  and  he  found  the  annual 

month,  made  at  the  Royal  Society,  from  the  year  1772  variation  was  under  4°.     And  it  is  remarkable  that  the 

to  1780,  it  appears  that  the  mean  annual  temperature  temperature  of  the  earth,  at  the  depth  of  20  feet  from'  the- 


theic,  is  5t°-9,'  or  in  whole  numben  52°;  and  tbe 
monthly  temperature  is  as  follows  : 

January      -     -     SS°-9  July-    "    -    -    6*''3 

February    -     •     42  "3  August  -    -    -    65-8 

March    -    -    -    46  4  September  -    •    59 '6 

April      -    •    -    49  9  October      -    •    52  S 

May-     -     -.  -     s6-6  November  -    -    44-4 

June      •  ■-     -    63-2  Deoemher  -    -    41  •0 

The  greatest  usual  cold  isSO^,  and  happens  in  January ; 
the  greatest  usual  heat  is  81",  and  happens  generally  in 

tare  m  38°-8.     The  greatest  cola  observed  was  that  at     Y ,  „_ 

Ihicb  mercury  freez^  that  is,  -  39°,  or  39  below  0 ;     ^^^*  "^"^^^^ 


surface,  is  at  Uie  highest  in  October,  when  a  thermometer 
in  the  atmosphere  makes  the  monthly  mean  coincide  with 
that  of  the  year:  on  the  contrary,  the  subterranean  tem- 
peratun  does  not  arrive  at  a  minimum  before  the  end  of 
March,  2  or  3  months  later  than  the. coldest  weather 
above  ground, 

Tkhpe&atuee  ttfihe  Sea,  tike  that  of  the  land,  is  also 
djfferentatdifierent  d^ths,  but  atgreat  depths  is  found  to 
be  nearly  constant.     In  winter,  when  the  sur&ce  of  naier 
is  much  cooled  by  contact  with  the  colder  air,  .the  deeper 
'  water  at  the  bottom,  being  speciUcally  lighter, 
npers  the  top ;  and  as  tbe  colder  water  con- 
stantly descends  during  the  winter,  in  the  following  sum- 
ir  than  at  any  depths  ; 
As  the  water  in  the  high 


udei  is,  by  cold,  rendered  heavier  than  that  in  lower 


but  the  greatest  mean  degree  of  cold  for  several  yean  was 

-  25° ;  and  the  greatest  summer  heat,  on  a  mean,  is  7Sfi,  ^^^m  latitudes  ;  hence  occurs  a  continual  current  from 

though  o,«euamounud  ^  9*°-               .  the  poles  to  the  equator,  which  -sometime,  carries  down 

With  respect  to  different  latitudes,  from  theory  it  would  ^^^                  /^ 

•eem  that  the  heat  must  vary  with  some  function  of  the     _, »  ^ __.  f  1     j       .      .      .-       ^    ■       -  , 

.q».»  of  Ih.  .i„.  or  of  Ihe  oo.i„o  of  th.  tai.od..     Ac-  Jl'.Vf  "f"'""*  °'  '"^  "^  '""  '''*='  ""'"' '"  """ 

cordiogi,,  ik.  nil.  given  by  Tobi«  M.jr.r  of  Gotling.0,  ^^  fo„„.i„g',.M.  ^Mu  tb.  roplB  of  «,«nd  ob. 

the  sine  of  the  latitude;  or  which  may  be  otherwise  ex-  ,._  „  ,  j     ..     ■       "^    1  .  .-.  j           j     .  j*  _  .. 

JL    01      to  1      L            i       ..„  .L     .    -        c  ^i.  different  depths,  in  several  latitudes,  and  at  different  sea- 
pressed  by  31+S3c  ,  where  c  denotes  the  cosine  of  the     _f  ,l.  . 

latitude,  to  the  radius  I.     And  by  this  rule  is  computed 
the  following  table. 


is  of  the  year. 


Ul 

T«»p. 

I«t. 

T,p.^ 

U.. 

T-p. 

0° 

840 

35° 

66-6 

70° 

37S 

5   - 

83-6 

40 

62-0 

75 

34.5 

10 

82-3 

45 

57* 

80 

32  6 

^15 

80-4 

50 

529 

85 

Sl-4 

ao 

77-8 

55 

48-4 

90 

31-0 

.«5 

74-3 

60 

44-3 

SO 

70-7 

65 

40-* 

ua^. 

Tune. 

Air. 

Dtptbofl 

H*Kof  the 
S«.. 

Hwuftht 

SuAr,. 

57'    Cfn 

Jan.       8 

460 

6 

40 

37 

10 

43-6 

50 

43-6 

43-6 

55     40  b 

,20 

47 

110 

51-5 

40 

39     30a 

28 

53 

no 

59 

59 

S     55ft 

Feb.    24 

81 

58 

8t 

81 

2  .50n 

26 

83 

110 

81 

84-5 

67       On 

June   20 

48-5 

468O 

26 

78       On 

30 

40-3 

708 

31 

69       On 

Aug.    31 

59-5 

4038 

33 

0       0 

Sept.      5 

75-5 

510 

66 

74 

24       0« 

26 

7S-5 

480 

70 

70    :- 

34       4> 

Oct.     11 

60-3 

600 

37 

4d' 

Tempbratubi  qf  lie  Earlh,  is  various  at  different 
depths  below  the  surface,  to  a  certain  depth  or  limit, 
vhere  it  »  stationary,  being  at  about  80  or  90  feet  deep. 
It  is  found  by  observation,  that  tbe  same  degree  of  heat 
occurs  in  all  subterraneous  places  at  the  same  depth,  TENACITY,  in  Natural  Philosophy,  ii  that  quality  of 
varying  a  little  al  different  depths,  but  is  never  less  thun  bodies  by  which  they  sustain  a  considerable  pressure  or 
36°  of  Fahrenfaeifs  thermometer.  At  80  or  90  feet,  and  force  without  breaking;  and  is  tbe  opposite  quality  tofra- 
lonetimec  much  less,  the  tedpenture  nriea  very  little,    gility  or  brittlenenesa.  Mem.  Acad.  Berlin,  174>jpa.47. 
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TENAILLE,  in  Fortificaiion,  a  Itind  of  outwork,  con- 
«»ttng  of  two  paralli-1  ludi's,  with  a  front,  having  a  re-en- 
tering angle.  In  fact,  that  angle,  and  the  faces  which 
oompose  it,  are  the  lenaille.  The  tenaille  is  of  two  kinds, 
liroplc  and  doubh-. 

Single  or  Single  Teh  A  ills,  is  a  large  outwork,  con- 
sisting of  two  faces  or  siilps,  including  a  re-entpring  angle. 

Dnubte,  orF/a>t^(JTiSAiLi.E,  ia  a  large  outwork,  con- 
sisting of  two  simple  trnailles,  or  three  salrant  and  two  re- 
entering angles. 

The  great  defects  of  tenailles  are,  that  they  take  up  too 
much  room,  and  on  ihat  account  are  advantageous  to  the 
eni'iny;  that  the  ri'-enlering  angle  is  not  defi-nded;  the 
height  of  the  parapet  prcrrnting  the  seeing  down  into  it, 
so  that  ibe  enemy  can  lodge  there  under  cover;  and  the 
sides  are  not  sufilcicnily  flanked.  For  these  reasons,  te- 
nailles  are  now  mostly  excluded  out  of  fortification  by  the 
best  engineers,  and  never  mad*  but  where  time  does  not 
serve  to  lorm  a  bornwork. 

Tenaille  qftke  Place,  ii  the  front  of  the  place,  com- 
prehended tMtween  the  poinisof  two  neighbouring  bastions ; 
incltiding  the  curtiin,  the  two  flanks  raised  on  the  cur- 
tain, and  the  two  sides  of  the  bahtions  which  face  e*ch 
other.  'So  that  the  tf  tiaille,  in  this  sense,  is  the  same  with 
_what  ii  otherwise  called  the  Face  of  a  fortress. 

Tenaillb  <if  the  Diich,  is  a  low  work  raised  before  the 
curtain,  in  the  middle  of  the  fosa  or  ditch;  the  parapet  of     tinction  from  a 
vhich  is  only  2  or  3  feet  higher  than  the  level  ground  of     tion  x*  ■+■ 
the  ravelin.  ^  and  (a 

The  use  of  tenailles  in  general,  is  to  defend  the  bottom     '' 


The  Teiuion  of  a  cord  in  Sfechimici,  is  the  force  which 
acts  at  one  end  thereof  when  the  other  is  fixed,  or  jiii 
equivalent  to  that  force.  Thus,  in  the  case  of  an  equili- 
brium of  forces  applied  to  a  physical  point;  if  we  consider 
that  point  as  fi.\ed,  the  tension  of  each  cord  is  precisely 
the  force  applied  at  each  cord  to  move  the  point ;  but  if 
there  be  not  an  equilibrium,  as  will  happen,  for  example, 
when  two  unequal  powi-rs  act  at  its  extremities;  the  ten- 
sion is  in  [his  case  the  least  of  the  two  forces;  fur  the  ten- 
sion will  evidently  be  the  same,  as  if  one  of  the  extremities 
wero  fixed,  and  the  least  of  the  two  forces  acted  solely  at 
the  other  end. 

TERM,  in  Geometry,  is  the  extreme  of  any  magnitude, 
or  that  which  bounds  and  limits  its  extent.  So  the  lermt 
of  ^  lifle,  are  points;  of  a  superficies,  lines;  of  a  solid^ 
superficies. 

Tekms,  of  an  equation,  or  of  any  quantity,  in  Algebra, 
are  the  several  names  or  members  of  which  it  is  composed, 
separated  from  each  other  by  the  signs  " 

the  quantity  or  +  2bc  —  3<w     <•'"""'»  -> 
MX  and  3be  and  Sax'. 

In  as  equation,  the  terras  are  the  parts  which  contain 
the  several  powers  of  the  same  unknown  letter  oi  quan- 
tity :  for  if  the  same  unknown  quantity  be  foand  in  seve- 
ral members  in  the  same  degree  or  power,  they  shall  pass 
hut  for  one  term,  which  is  called  a  compound,  one,  in  dis- 
pleorsingleterm.     Thus,  in  the  eqisa- 
■  X*  —  OCX  =  6*,  the  four  terms  are 
$i)i*  and  aei  and  «*;  of  which  the  second 
terra  (a  —  3A)x*  is  compound,  and  the  other  three  are 


ts  of  the  three  terms 


of  the  ditch  by  a  grazing  fire,  and  likewise  the  level  ground  simple  terms, 
of  the  ravelin,  which  cannot  be  so  conveniently  defended         Tekhm,  of  a  Product,  or  of  a  Fraction,  or  of  a  Ratio, 

from  any  other  place.     The  first  sort  do  not  defend  the  or  of  a  Froportion,,&c,  are  the  several  quantities  employed 

ditch  so  well  as  the  others,  because  they  are  too  oblique  in  forming  or  composing  them.     Thus,  the  terms 


e  year  Ji 


a  defence^    but  as  they  are  not  subject  to  be  enfiladed, 
Tauban  has  generally  preferred  them  in  the  fortifjing.of 

S laces.  Those  of  the  second  kind  defend  the  ditch  much 
etter  than  the  first,  and  add  a  low  fiank  to  those  of'the 
bastions;  but  as  these  flanks  are  liable  to  be  enfiladed, 
they  have  not  been  muc(i  used  This  defect  however 
might  be  remedied,  by  making  them  so  as  to  be  covered 
by  the  extremfiiea  of  the  parapets  of  the  opposite  ravelins, 
or  by  some  other  work.  And  the  same  thing  may  be 
said  of  the  third  sort  as  of  the  second. 

The  RnniVAom  is  a  curved  tenaille,  raised  in  the  foss  liament,  the  Chancery,  andinferior  courts,  donot  observe 
before  the  flanks,  and  presenting  its  convexity  to  the  the  terms. — The  rest  of  the  year,  out  of  term-time,  ia 
covered  way.     This  work  seems  preferable  to  either  of     called  vacation, 

the  other  tenailles,  both  on  account  of  its  simplicity,  and         There  are  four  law  terms  in  the  year ;  vii, 
the  defence  for  which  it  is  constructed.  Hilary-  Term,  which,  at  London,  begins  the  SSd  day  of 

TENAILLONS,  in  Fortification,aTeworks  constructed     January,  andends  the  12lb  of  February, 
on  each  side  of  the  ravelin,  much  like  the  lunettes.    They         EaUer-Term,  which    begins  the  Sd    Wednesday  after 


of  the  product  ab,  are  a  and  b ; 
of  the  fraction  s,.arc  5  and  8; 
of  the  ratio  0  to  7;  are  €  and  7 ; 
of  the  proportion  a  :  6  :  :  5  :  9,  are  a,  (,  5,  9- 
EaM»  are  also  used  for  the  several  times  or  seasons  of 
hich  the  public  collies  or  universities,  or 
are  open,  or  sit.     Such  are  the  Oxford  and 
Cambridge  terms  :  also  the  terms  for  the  courts  of  King's- 
Bench,Comm<in  Pleas,  and  the  Exchequer,  which  are  tbs 
courts  of  common  law.     But  the  high  court  of  Par- 


difier,  as  one  of  the  faces  of  a  tenaillon  is  in  the  directii 
of  the  ravelin,  whereas  that  of  the  lunette  is  perpendicular 
to  it. 

TENOR,  in  Music,  the  first  mean  or  middle  part,  or 
that  which  is  the  oidinaiy  pitch,  or  tenor,  of  the  voice, 
when  not  either  raised  to  the  treble,  or  lowered  to  the  bass. 

TENSION,  the  state  of  a  thing  tight,  or  stretched. 
Thus,  animtfis  sustain  and  move  themselves  by  the  tension 
of  their  muscles  and  nerves.     A  chord,  or  string,  ^vc 
acuter  or  deeper  sound,  as  it  is  in  a  greater  or  less  de 
of  tensioD,  that  is,  more  or  less  stretched  or  tightened. 


Easter-day,  and  ends  on  the  Monday  next  after  Ascension* 
day. 

THwtyTerm,  which  bt^ns  the  Friday  next  after  Tri- 
nity-Sunday, and  ends  the  4tb  Wednesday  after  Thnity- 
Sgnday. 

Mickaelmtu-Term,  which  begins  the  6l\  of  November, 
and  ends  the  28th  of  November. 

All  these  terms  have  also  their  retarns,  the  days  of 
>an     which  are  expressed  in  the  following  table  or  synopsis. 
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Taile  of  the  Law  Ternu,  and  their  Setunu. 


T<m 

Begin. 

KtiUtuni 

oJ  Return 

adRMurn 

4dlRMBm 

«>h  R«un> 

End 

Hilary 

Trinity 
Mich. 

J»nuarr  23 
3  Wed.  af.  Eas. 
Fri.af.Trin.S 
Novembers 

January  20 
2  Wks.  af.  East 
rnnityMwid. 
N<iyember  3 

January  27 
3Wk4.af.  East 

tWk.af.Tiin 
Ni.wmbiT  12 

February  3 
4  Wks.  af.  East 
■2Wks.Bf  Trin 
Nnvember  18 

February  9 
5  Wks,  af.  East. 
3Wks.af-Trin. 
N..venibpr25 

Ascension  day 

Febroury  12 
-Mon.af.  Asc-ns. 
llhWe.af.Tri.S. 

Vovrmlwr  28 

When  the  bediming  or  ending;  of  any  a(  these  terms  happens  on  a  Sunday,  it  is  held 
These  are  fouri  which  begin  and  end 


e  Monday  lullowiug. 


O^/ordTEE 
as  below : 


Ttriai 

fcgin. 

End 

Lent  Term 
Easier  Term 
Trinity  Term 
Michaelmas  T 

January  It 
Wed-  af.  Low-Sun. 
Wed.  af.  Wbitsun. 
October  10 

Sat.  bef.  Palm-Sun. 
Sat.  bef.  Wh.tsun. 
Sat.  after  the  Act 
December  17. 

The  act  U  1st  Monday  aficr  the  6th  of  July.— When 
the  day  of  the  beginning  or  ending  happens  on  a  Sunday, 
the  terms  begin  or  end  the  day  after. 

Camiridgt'TERm.     These  are  three,  as  below  ; 

TtnB* 

Begin. 

End 

Lent  Term 

ButerTerm 

Michaelmas 

January  13 
Wed.att.  Low-Sun 
October  10 

Frid. bef.  Palm-Sun. 
Fnd.aA. Commence. 
December  16. 

The  commencement  is  the  Ist  Tuesday  in  July. — There 
is  no  difference  on  account  of  the  begiiming  nr  ending 
being  Sunday. 

Scotiuh  Terms.  In  Scotland,  Candlemas  term  begins 
January  23d,  and  euds  FebruMy  the  12ih.  Wliitauniidc- 
term  begins  May  25lh,  and  ends  June  15[h.  Lammas- 
terra  begins  Jnly  the  aOth,  and  ends  August  the  8th.  dron 
Marti nmao- term  begins  November  the  3d,  and^endi  No- 
vember the  2<^lh. 

-  Irish  Terms.  In  Ireland  the  ti^rms  are  the  same  as  at 
London,  CKcepi  Michaelroas-ierm  which  begins  October 
the  13th,  and  adjourns  to  November  the  3d,  and  thence    then  the  ^rneral  relati 


o  the  6ih. 

TERMINATOR,  in  Astronomy,  a  name   sometimes     "  =    2r  y6  =  | 
given  lo  the  circle  of  illumination,  from   its  property  of    *  =  S4r'y'3  =  |i 


was  so  first  called  by  Gilbert,  as  being  a  just  representa- 
tion of  the  great  magnetic  globe  «e  inhabit.  Such  a  ter- 
rella,  U  was  supposed,  if  nicely  poised,  and  hung  in  a  me- 
ridian tike  a  globe,  would  be  turned  round  like  the  eartb 
in  24  hours  by  the  magnetic  particles  pervading  it;  but 
experience  ha.';  shown  that  this  is  a  mistake. 

TERRKSTRIAL,  something  relatipgto  the  earth.  Ax 
terrestrial  gl  'be,  terrestrial  line,  &c 

TERTIAN;  denotes  an  old  mer.sure,  containing  84 
gallon^,  sn  called  because  it  is  the  3(1  part  of  a  tiAi; 

TERTIATE,  in  Gunnery,  Tu  lertiale  a  great  gun,  is 
to  examine  the  thickness  of  the  metal  ut  the  muzzle,  by 
which  to  judp-  of  the  strength  of  the  piece,  and  whether 
it  be  sufficiently  fortified  or  not. 

TElRACllORD,  in  Music,  called  by  the  modems  a- 
fourth,  is  a  concord  or  interval  of  4  tones.— The  tetra- 
diord  of  the  ancientit,  was  u.  rank  of  4  sirings,  accounting 
the  tetrachord  for  one  tone,  as  it  is  ofien  tijkt-n  in  mu'ic. 

TETRAD  1 A  PA  SON,  or  H^adruple  Diopaion,  is  a  mu- 
sical chord,  otherwise  called  a  qu;idruple  eighth,  or  a 
nine-and-twenlieih. ' 

TETRAEDKON,  orTETRAHEDROW.in  Geometry,  i» 
one  of  the  five  Platonic  of  regular  bodies  or  solids,  com- 
prehended under  4  cquibtenti  und  equal  triangles.  Or  it 
IS  a  triangular  pyrdmid  of  4  equal  aiii!  equilateral  faces. 
It  is  demonstrated  in  geometry,  that  the  side  of  a  letrac- 
to  the  diameter  of  ;m  circumscribing  sphere,  as 
^2  to  ^/3;  consequently  they  arc  incommensurable. 

If  a  denote  the  linear  edge  or  side  of  a  leiraedrun,  b  id 

whole  superficies,  c  its  solidity,  r the  radius  of  its  inscribed 

id  a  the  radius  of  its  circumscribing  sphere; 

mong  all  these  is  e.\pres«ed  by 


the  f«llo> 


ng  equations,  vl: 

rV'i    -  V4*v^ 

r'j/S    =  «V3. 

terminating  the  boundaries  of  lightand  darknras.'      '  c  =    Sr'v'S  =-n^R'v'3  ==  Vyti'v'^ 

TERRA,  in  Geography.     See  Earth.  R  =    3r         =  Jfl^^ft'     3=  i^2li^3     =  |V|V3. 

TERRA-^rfflo,  in  Geography,  is  sometinies  Used  for  a  *■  —    |b  '      =  iV'v'fi    =  tVv'2Av'3  =  Iv^jCy'S. 

'continent, in  contradistinction  to  islands.     Thus,  Asia, the  ^  my  Mensuration,  pa.'186&c, 4th  edit.  Seealso  the 

Indies, and  South  America,  are  usually  dbtiiigaished  into'  arl'cles  Regular, and  Bodies. 

h-rra-finnas  and  islands.  TETRAGON,  in  Geometry,  a  quadrangle,  or  a  figure 

TERR  \QUEOUS,  in  Geography,  an  epithet  given  to  having  4  angles.     Suoh  as  a  square,  a  parallelogram,  a 

Qur  globe  or  earth,  considered  as  consisting  of  land  and  rhombus,   and  a   trapezium.     It  sometimes  also  means 

water,  which  together  constitute  one  mass.  peculiarly  a  square. - 

TERRE-PLF-iK .  orTERRE-PLAiN,  in  Fortification,  the  TETRAGONIaS,  a  meteor,  whose  bead  is  of  a  qna- 

top,  platform,  or  horiaontal  surface  of  the  rampart,  upon  drangular  figure,  and  its  idil  or  tr^in  is  long,  thick,  and 

which  th<- cannon  are  placed,  and  where  the  defenders  uniffirm.     It  does  not  dtfier  much  from  the  meteor  called 

perform  their  office.     It  is  lo  called,  because  it  lies  level,'  IVaftiorbeam.               ■'        ... 

hating  onl^  a  little  slope  outwardly  fo  counteract  [he  re-  TETRAGONISM,  a  term  which  tome  authors  uSe  to 

coil  if  the  camion.     Its  breadth  is  from  24to30feetf  express  the  quadrature  of  (he  circit,  because  the  quadra- 

being  terminated  by  the  parapet  on  the  outer  side,  afid  in-  lure  is  the  finding  a  square  equal  to  it. 

wardly  by  the  inner  talus.                              .  TETRASPASTOIN,  in  Mechanics,  a  machinein  which 

TLRRBLLA,  or  little  earth,  is  a  magnet  turned  of  a 
spherical  figure,  and  placed  so  as  that  its  poles,  equator, 

itc,  do  exactly  correspond  with  thiwa  of  liie  world.     It  ing,  and  particularly  a  temple. 


D,g,;.z6cDi.*^OUyie 


THA                                 [BOSl  THE 

THALES,  acelebratoii  Greek  philosopher,  anri  ihe  first  rliou  seeat  not  what  is  at  thy  feetf" — He  went  to  visit 
of  the  seven  wise  men  of  Greeep,  was  born  at  Miletum,  CrcEsus,  who  was  marching  a  powerful  army  into  Cuppa- 
about  6'40  years  before  Christ.  After  aequiriiig  the  usaal  docia,  and  enabled  him  lo  pasi  the  river  Hatys  without 
learning  ol  his  own  country,  he  travelled  into  Kgypt  and  making  a  bridge.  Thales  died  soon  after,  at  above  90 
several  parts  of  Asia,  til  Ifarn  astronomy,  gi-ometry,  mys-  years  of  age,  ii  is  said,  at  the  Olympic  games,  where,  op- 
tical divinity,  natural  knowledge  or  philosophy,  die.  In  pressed  with  heal,  ihii'st,  aild  a  load  of  years,  he,  in  pub- 
Egypt  he  met  fur  some  time  great  favour  from  the  king,  lie  view,  sunk  into  the  arms  of  big  friends. 
Amasis ;  but  be  lost  it  again,  by  the  freedom  of  his  re-  Concerning  his  writing;,  it  remains  doubtful  whether  be 
marks  on  the  conduct  of  kings,  which  it  is  said  occasioned  left  any  behind  hitn  ;  at  least  none  have  come  down  to  us. 
bis  return  to  his  own  country,  where  he  communicated  Augustine  mentions  some  books  of  Natural  Philosophy; 
the  knowledge  he  had  acquired  to  many  disciples,  among  Simplicius,  some  written  on  Nautic  Astrology;  Laertius, 
the  principal  of  whom  were  Anaiimander,  Anaximencs,  two  treatises  on  the  Tropics  and  Equinoxes;  and  Suidas, 
mid  Pythagoras,  and  was  the  author  of  the  Ionian  sect  of  a  treatise  on  Meteors,  written  in  verse, 
philosophers.  He  always  however  lived  very  retired,  and  TIIAMMUZ,  in  Chronology,  the  10th  month  of  the 
refused  the  proffered  favours  of  many  great  men.  He  was  year  of  the  Jews,  contduing  2<J  days,  and  answering  to 
often, visited  by  Solon  ;  and  it  is  said  he  took  great  plea  ' 


Mn  the  conversation  of  Thrasybulus,  whose  excellent        THEMIS,  in  Astronomv,  a  name  given  by  some  10  lbs 
wit  made  bim  forget  thai-he  was  tyrant  of  Miietum.  3d  satellite  of  Jupiter. 

Laertius,  and  several  other  writers,  agree  tiiat  Thales        THEODOLITE,  an  instrument  much  used  in  survey- 

iras  ihe(fHfher  of  the  Greek  philosophy  -^  being  the  first  ing,  for  taking  angles,  distances,  ahitnries,  &c.     This  in- 

that  made  arty  researches  into  natural  knowledge  and  ma-  stwimeni  is  variously  made ;  different  persons  having  (heir  - ' 

thematics.      His  doctrine  was,  that  water  was  the  principle  several  ways  of  contriving  it,  each  attempting  to  make  it 

of  irhich  all  the  bodies  in  the  universe  arc  composed  ;  more  simple  and  portable,  more  accurate  and  expeditious, 

that  the  world  was  the  work  of  God  ;  and  that  God  sees  than  others.     It  usually  consists  of  a  brass  circle,  about 

the  most  secret  thoughts  in  the  heart  of  man.     He  oh-  a  foot  diameter,  cut  in  form  of  fig.  5,  pi.  36  r  having  it» 

terved  that,  in  order  to  live  well,  we  ought  to  abstain  from  limb  divided  into  360  degrees,  and  qach  degree  subdivided 

what  we  find  fault  with  in  others  :  that  bodily  felictty  coti-  either  diagonally,  or  otherwise,  into  minutes.    -Undei>- 

kists  in  health,  and  that  of  the  mind  in  knowledge  :  that  neath,  at  cc,  are  fixed  two  little  pillars  bh  (6g.  6),  whicX 

the  most  ancient  of  beings  is  God, because  he  is  uncreated  :  support  an  axis,  bearing  a  telescope,  for  viewing  remote 

that  nothic^  is  more  beautiful  tha&  the  world,  because  it  objects. 

is  the  work  of  God  ;  nothing  more  extensive  than  space.        On  the>centre  of  the  circle  moves  the  index  c,  which  i% 

quicker  than  spirit,  stronger  than  necessity,  wiser  than  a  circular  plate,  having  a  compass  in  the  middle,  the  m»- 

time.     He  used  also  to  observe,  that  we  ought  never  to  ridian  line  of  which  answers  tb  the  fiducial  line  aa;B.tbh 

Say  that  to  any  one  which  may  be  turned  to  our  preju-  are  fixed  two  pillars  to  support  an  axis,  bearing  a  tels- 

dice ;  and  that  we  should  live  with  our  friends  as  with  scope  like  the  former,  whose  line  of  c olli ma tiorr answers 

persons  that  may  become  our  enemiea.  to  the  fiducial  line«a.    .At  each  end  of  either  telescope  is,. 

In  geometry,  it  has  been  said,  he  was  a  considerable  or  may  be,  fixed  a  pkiit  sight,  hr  the  viewing  of  nearer 

inventor,  as  well  as  an  improver;  partitutarly  in  that  part  objects. 

concerning  triangles.     And  all  the  writers  agree,  that  he        The  ends  of  the  itidex  aa  are  cut  circularly,  to  fit  the 

was  the  first,  even  in  Egypt,  who  took  the  height  of  the  divisions  of  the  limb  k;  and  when  that  limb  is  diagonally 

pyramids  by  the  shadow.  •  divided,  the  fiducial  line  at  one  end  of  the  index  shows 

Hn  knowledge  and  improvements  in  astrongmy  werfe  the  d^recs  and  minutes  on  the  limb.  It  is  also  furnished 
Tery  mnsiderable.  He  divided  the  celestial  sphere  into  with  cross  spirit  levels,  for  setting  the  plane  of  the  circle 
five  circles  or  tones,  the  arctic  and  antarctic  circles,  the  truly  horironlal ;  and  a  vertical  arch,  divided  into  de- 
two  tropical  circles,  and  the  equator.  He  observed  the  greea,  for  taking  angles  of  elevation  and  depression.  The 
apparent  diameter  of  the  sun^  which  be  made  equal  to  whole  instrument  is  mounted  with  a  ball  and  socket,  upoi^ 
half  a  degree;  and  formed  the  constellation  of  the  Little  a  thKe-legged  staff. 

*ear.  He  also  observed  the  naturt  and  course  of  eclipses,  .  Many  theodolites  however  have  no  telescopes,  but  only 
md  calculated  them  exactly;  one  in  particular,  memo-  four  plain  sights,  two  of  them  fastened  on  the  limb,  and 
rably  recorded  by  Herodotus,  as  it  happened  on  a  day  of  two  on  the  ends  of  the  index.  Two  different  ones,  mount- 
battle  between  the  Medea  and  Lydians;  which,  Laertius  ed  on  theirstand,  are  represented  in  fig.4  and  5,  plate  21. 
aays,  he  had  foretold  to  the  lonians.  And  the  same  author  The  use  of  the  theodolite  is  abundantly  shown  in  that 
informs  us,  that  be  divided  the  year  into  365  days.  Plu-  of  the  semicircle,  which  is  only  half  a  theodolite.  And 
tarcb  not  only  tonfirms  his  general  knowledge  of  eclipses,  the  index  and  compass  of  the  theodolite  serve  also  for  a 
but  that  his  doctrine  was,  that  an  eclipe  of  the  sun  is  oc-  circumferentor,  and  are  used  ns  such.  The  ingenious 
casioned  by  the  intervention  of  the  moon,  and  that  an  Mr.  Ramsden  made  a  most  excellent  theodolile,  for  the 
eclipse  of  the  moon  is  caused  by  the  intervention  of  the  use  of  the  military  survey  now  carrying  on  in  England, 
earth.  THEODOSIUS,  a  celebrated  mathematician,  who 
Hismtfralswereasjuit,  as  his  mathematics  well  ground-  flourished  in  the  times  ofCicero  and  Pompey;  but  tb* 
ed,  aiid  his  judgment  in  civil  affairs  equal  to  either.  He  time  and  place  of  his  death  are  unknown.  This  Theodo- 
was  very' averse  to  tyranny,  and  esteemed  monarchy  iilllo  sius,  theTripolile,  as  mentioned  by  Suidas,  is  probably  the 
better  in  a'ny  shape. — Diogenes  Laertius  relates,  that,  same  with  Theodosius  the  philosopher  of  Bithynia,  who 
walking  tocontemjilate  the  stars,  he  fell  into  a  ditch  ;  on  Strabo  says  excelled  in  the  mathematical  sciences,  as  also 
■which  a  good  old  womad,  that  attended  him,  exclaimed,  bis  sons ;  for  the  same  person  might  have  travelled  from 
"How  canst  dtou  know  wiat  is  doing  in  the  heavens^  when  tie  one  of  those  places  to  the  other,  and  spent  part  of  tis 
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life  in  each  of  them;  like  as  Hipparchus  «a&  called  by  thingso  mucku  medilationon  the  pretence  of  God:  uiil 

Strabu  the  Bilhynian  ;  but  by  Ptulemy  and  ulhen  the  he  recomrocnded  it  to  the  civil  magiairatr,  as  a  n-straiat 

Rliudiaii.  on  luch  ai  were  profane  and  wicked,  to  have  the  follow- 

Thcodosius  chiefly  cultivated    that  part  of  geometry  lag  iD&cription  written,  in  large  characiera,  at  the  corner 


which  relates  to  the  doctrine  of  the  sphere,  concerning     of  every  street ;  God  sees 

which  hf  published  three  books.    The  first  of  these  con-         Theon  wrote  notes  and 

tains '23  propositions;  the  second  23  i  urid  the  third  14; 

all  dcmon^tniled  in  the  pure  gcomctricul  manner  of  the 

ancients.     Pii>tcniy  made  great  use  of  these  propositions, 

as  well  as  all  succeeding  writers.    I'hese  books  were  tr>in«- 

lat<-d  by  the  Arabians,  out  of  the  oiiginal  Greek,  into  their 

own  language.     From  the  Arabic,  ihe  work  was  again 

translated  into  Latin,  and  printed  at  Venice.     But  the     for  propriety  of  stylet 

Arabic  version   being  very   defective,  a  more  complete     expression,  and  perspicuity, 
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great  judgment  and  elegance; 

the  writings  of  some  illustri< 

pointing 
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niposed  also  a  book, 
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which  be  criticised  c 

orators  and  historians ; 

with  great  propriety  and  judgment,  their 

iperfcciions ;  and  laying  down  proper  rules 

conciseueu  of 

the  principal  omanients. 


edition  was  published  in  Greek  and  Latin,  at  Paris  1556,     This  book  nas  printed  at  Basle,  in  the  year  1541;  but  tha 


by  Johji  Pena,  Regius  Professor  of  Astronomy.  And  Vi- 
tello  acquired  reputation  by  translating  Theodosius  into 
Latin.  This  author's  works  were  also  commented  on  and 
illustrated  by  Clavius,  Heleganius,  and  Gautinus,  and 
lastly  by  Dechales,  in  his  Cursus  iMalhematicus.  Theo- 
dosius's  Spherics  was  aUo  tratislated,  and  published,  by 
our  countryman  the  learned  Dr.  Barrow,  in  the  year  l675, 
illustrated  and  demonstrated  in  a  new  and  concise  method. 
By  this  author's  account,  Theodosius  appears  not  only  to 
be  a  great  master  in  this  more  difficult  part  of  geometry, 
but  the  first  considerable  author  of  Hntitjuity  who  hi 
written  on  that  subject.  Another  edi 
«t  Oxford  1707  in  8vo.  by  Jos.  Hunt. 

Theodosius  wrote  alsoconcerning  the  Celestial  Houses; 
also  of  Days  and  Nights ;  copies  of  which,  in  Greel,  arc 
in  the  king's  library  at  Puris  ;  of  which  there  was  a  Latin 
edition,  published  by  Pelcr  Dasypody,  in  thu  year  1572. 

THEON,  of  Alexandria,  a  celebrated  Greek  philoso- 
pher and  malbemaiicien,  who  fiourished  in  the  'Ith  cen- 
tury, about  the  year  380,  in  the  time  of  Theodosius  the 
Great ;  but  the  time  and  manner  of  his  death  are  unknown. 
His  genius  and  disposition  for  the  study  of  philosophy  were 
very  early  improved  by  a  close  application  to  study  ;  so 
'  that  he  acquired  such  a  proficiency  in  the  sciences,  as  to 
render  his  name  venerable  in  history  ;  and  to  procure  him 
the  honour  of  bting  president  of  the  famous  Alexandrian 
■cbooh  Dae  of  his  pupils  was  the  admirable  Hypatia, 
his  daughter,  who  succeeded  him  in  the  presidency  of  the 

school  i  a  trust,  which,  like  bii      "     ' 

the  greatest  honour  and  useful 


best  edition  is  that  of  Leyden,  in  1636,  i 

THEOPHRASTUS,  a  celebrated  Greek  philosopher, 
was  the  son  of  Melanthus,  and  was  born  at  Eretus  in 
Baotia.  He  was  at  first  the  disciple  of  Lucippus,  then 
of  Plato,  and  lastly  of  Aristotle;  whom  he  succeeded  in 
his  school,  about  the  332d  year  before  the  Christian  era, 
and  taught  philosophy  at  Athens  with  great  applause.  He 
said  of  an  orator  without  judgment,  "  that  he  was  a  horse 
without  a  bridle."  He  used  also  to  say,  "  There  is  no- 
thing so  valuable  as  time,  and  those  who  lavish  it  ate  iha 
most  inexcusable  of^ll  prodigals."— He  died  at  about  100 
published     yean  of  age. 

Theophrastus  wrote  many  works,  the  principal  of  which 
are  the  following.— 1.  An  exMlent  moral  treatise  enti- 
tled, Characters,  which,  he  says  in  the  preface,  he  cofai- 
pused  at  93  years  of  age.  Isaac  Casaubon  has  written 
learned  commentsries  on  this  small  treatise.  It  has  been 
translated  from  the  Greek  into  French,  by  Bruyere;  and 
it  has  also  been  translated  into  English. — 2.  A  curious 
treatise  on  Plants. — 3.  A  treatise  on  fossils  or  stones  ;  of 
which  Dr.  Hill  has  given  a  good  edition,  with  an  English 
translation,  and  learned  notes,  in  Svo. 

THEOREM,  a  proposition  which  terminates  in  theoiy, 
and  which  considers  the  properties  of  thinp  already  made 
or  done.  Or,  a  theorem  is  a  speculative  proposition,  de- 
duced from  several  definitions  compared  together.  ThuSi 
if  a  triangle  be  compared  with  a  parallelogram  standing 
on  ihasatne  base,  and  of  the  same  altitude,  and  partly 
If^  she  discharged  with  from  their  immediate  definitions,  and  partly  from  other 
[See  her  life  in  it*  of  their  properties  already  determined,  it  is  inferred  that 
the  parallelogram  is  double  the  triangle;  that  proposition 


place  in  the  first  volume  of  this  Dictionary,] 

Thcstudy  ofnatureledThcoD  toroanyjustconceptii         ._ 

concerning  God,  and  to  many  useful  reflections  in  the  Theorem  stands  contradistinguished  from  problem, 
science  of  moral  philosophy  ;  hence,  it  is  said,  he  wrote  which  denotes  something  to  be  done  or  constructed,  as  a 
with  great  accuracy  on  divine  providence.  And  he  sirms  theorem  proposes  something  to  be  proved  or  demonstrated, 
to  have  made  it  his  standing  rule,  to  judge  the  truth'of  .  There  are  two  things  to  be  'chiefly  regarded  in  ev^ry 
certain  principles,  or  sentiments,  from  their  natural  or  theorem,  viz,  the  proposition,  and  the  demonstration.  In 
necessary  tendency.  Thus,  he  says,  that  a  full  ptrsuasion,  the  first  is  expressed  what  agrees  to  some  certain  thing, 
that  the  Deity  sees  every  thing  we  do,  is  the  strongest  in-  '  under  certain  conditions,  and  what  does  nM.  In  the  latter, 
centive  to  virtue;  for  be  insists,  that  the  most  profligate  the  reasons  are  laid  down  by  whicli  the  understanding 
have  power  to  refriun  their  hands,  and  bold  their  tongues,  comes  to  conceive  that  it  does  or  does  not  agree  to  it. 
when  they  think  they  are  observed,  or  overheard,  by  some  Theorems  are  of  various  kinds  ;  as, 
person  whom  they  fear  or  respecL    With  how  much  mure         Un'viruil  Thkokbh,  is  that  which  extends  to  any 

reason  then,  says  he,  should  the  apprehension  and  belief;  

that  God  sees  all  things,  restrain  men  from  sin,  and  con- 
stantly excite  them  lo  their  duty  }  He  also  represents  ihii 
belief,  concerning  the  Deity,  ng  productive  of  ide  gr<iles( 
.  .„...»  ■ma„.. .1.1  _  ip^cially  to  the  virtuous,  who  niighl 
the  favour  and  pi 


pleasure  imaginable,  „, , 

dopend  with  greater  confidence  ™ .„.„„,  „....  , ^- 

(ion  of  Providence.    For  this  reason,  be  recommends  no- 


quantity  without  restriction,  universally.  As  this,  that 
tbe'rictan^Ie  or  pmduct  of  the  sum  and  diflerence  of  any 
two  quaniiiies,  is  equal  to  the  difference  of  their  squarea. 

Particular  Tiisorem,  is  that  which  extends  only  to  a 
particular  quantity.  As  this,  in  an  equilat  eral  lectiliDear 
triangle,  each  angle  is  equal  to  £0  degrees* 

Negatioe  rHEoasH,  is  that  which -CJtpresset  theinpo^ 
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n  of  tiro  biqua- 


sibility  of  any  assertion.     As,  that  Otf. 

drate  numbers  cannot  make  a  square  nuniuer. 

Local  Theokeu,  is  tbat  which  relates  to  a  surface. 
As,  that  irianglM  of  the  samo  base  and  altitude  are  equal. 

^Jone  Theorem,  is  that  which  relati's  to  a  surface  that 
is  cither  rectilinear  or  bounded  by  the  circumference  of  a 
circle.  As,  that  all  angles  iu  the  same  segment  of  a  circle 
are  equal. 

Solid  Theorem,  is  tbat  which  considers  a  space  ter- 
minated by  a  solid  line;  that  is,  by  any  of  the  three  conic 
sections.  As  this,  that  if  a  right  line  cut  two  asymptotic 
pareboli  .... 

equal, 


TH  E 

end  immersed  ii 


ball  A,  and  at  ilii.'  other 

or  lerniiijatiiig  in  a  ball  de,  with  a  narrow  oiifidt  at  d; 
which  vcsacl,  or  b.ill,  coiilmn?  any  coloured  liqnor  that 
will  not  easily  fieeae.  Aijuufcii'tis  tinged  of  a  liiie  blue 
cobur  with  solution  of  vitriol  or  copper,  ot  spirit  of  wine 
tinged  with  cochineal,  will  answer  this  purpose.  But  the 
ball  A  must  be  first  moderali-ly  wanned,  so  that  a  part  of 
the  air  contained  in  it  may  be  expi-llud  through  the  ori- 
fice d;  and  then  the  liquor  pressed  by  the  weight  of  the 
atmosphere,  will  enter  the  ball  UE,'and  rise,  for  t^iarople, 
tu  the,  miUdlc  uf  the  tube  at  c,  at  a  mean  temperature  of 
two  parts  terminated  by  them  shall  be  the  weather  i  and  in  this  stale  [he  liquor  by  its  weight, 
and  the  air  included  in  the  ball  and  tube  ahc,  by  its 


RetiproealT nzoKKM,  is  one  whose  converse  is  true',  elasticity,  will  counterbalance  the  weight  of  the  atmo- 

As,  that  if  a  triangle  have  two  sides  equal,  it  ha:>  also  sphere.     As  the  surrounding  air  becomes  warmer,  the  air 

two  angles  equal :  the  converse  pf  which  is  likewise  true,  in  the  ball  and  the  upper  part  of  the  tube,  e\panding  by 

vii,  that  if  the  triangle  have  two  arfgles  equal,  it  has  also  heat,  will  drive  the  liquor  into  the  lower  ball,  and  couse- 

two  Mdcs  equal.  qucntly  its  surfiice  will  descend  ;  on  the  contrary,  as  the 

THEURY,  a  doctrine  which  terminates  in  the  sole  ambfcnt  air  becomes  colder,  that  in  the  ball  is  condensed, 

■peculation  or  consideration- of  its  object,  nitliout  any  andthcliquor,pressed  bythe  wcigbtoft]ieatmosphcre,wiU 

view  to  the  practice  or  application  of  it.     To  be  learned  ascend:  so  that  ihe  liquor  in  the  tube  wit!  ascend  or  descend 

in  an  art,  &c,  the  theory  is  soRicient ;  to  be  a  master  of  morcorless,  according  to  tte  state  of  the  air  contiguous  to 

it,   both   the  theory  and    practice  are   requisite. — Ma-  instrument.     To  the  tube  is  affixed  a  scale  of  the  sanie 

chines    often    promise    very    well    in   theory,    but  fail  length,  divided  npwards  and  downwards,  from  the  middle 

in  the  practice.— We  say,  theory   of  the  moon,  theory  c,  into  lOO  equal  parts,  by  means  of  which  may  be  ob- 

of  the  rainbow,  of  the  microscope,  of  the  camera  ub-  served  the  ascent  and  descent  of  the  liquor  in  the  tube, 

•cura,  &c.                             .  and  consequently  the,  variations  also  in  the  temperature  of 

Thkokiks  of  tht  PlaaeU,  &c,  are  systems  or  hypotheses,  the  atmosphere, 

according  to  which  the- astronomers  explain  the  reasons  A  similar  thermometer  may  be  constructed  by  putting 

of  the  phenomena  or  appearances  of  them.  a  small  quantity  of  mercury,  not  exceeding  the  bulk  of  a 

THERMOAIETKR,  an  instrument  for  measuring  the  pea,  into  the  tube  bc  (Gg.  4,  pi.  3t)),  bent  into  wreaths, 

temperature  of  the  air,  &c,  as  to  heat  and  cold.  that  taking  up  the  less  height,  it  may  be  the  more  managc- 

"■■      ■          '  n  of  the  thermometer  is  attributed  to  «e-  able,  and  less  liable  to  harm  ;  divide  this  tube  into  any 


Teral  persons  by  different  authors,  viz,  to  Sanclono,  Ga- 
lileo, father  Paul,  and  to  Drcbbel.  Thus,  the  invention 
is  escribed  to  Cornelius  Drebbel  of  Alcmar,  about  the 
beginning  of  the  171b  century,  by  his  countrymen  Boer- 
haave'(Obem.  I,  pa.  152,  IS6),  and  Mussebenbroek  (In- 
1.  ad  Phil.  Nat.  vol.  2,  pa.  623).— Fulgeii 


nunlbcr  of  equal  parts  to  serve  for  a  scale.  Here  the  a_ 
proBclics  of  the  mercury  towards  the  ball  a  will  show  ibe 
increa^  of  the  degree  of  heat.  The  reason  of  which  is 
the  same  as  in  the  former. 

The  defect  of  both  these  instruments  consists  in  this, 
t  they  are  liable  to  be  acted  on  by  a  double  cause: 


Life  of  Father  Paul,  gives  him  the  honour  of  the  first  dis-    for,  not  only  a  decrease  of  heat,  but  also  an  increase  of 
covery. — Vincenzio  Viviani  (Vit.  de  I'Galil.  pa.  67 ;  also  ,  weight  of  the  atmosphere,  will  make  the  liquor  r: 


Oper,  di  Galil.  pref.  pa.  47)  speaks  of  Galil. 
inventor  of  thermometers. — But  Sanctorino  (Com.  in 
Galen.  Art.  Med.  pa.  73fi,  842,  Com.  in  Avicen.  Can. 
Fen.  I,  pa.  22,  7S.  219}  expressly  assumes  to  himself 
this  invention:  and  Borelli  (De  Mot.  Animal.  3,  prop. 
175)  and  Malpighi  (Oper.  Posth.  pa.  30)  ascribe  it  to 
bim  without  reserve.  Upon  which  l)r,  Martine  remarks, 
that  these  Florentine  academicians  are  not  -to  be  sus- 
pected of  partiality  in  favour  of  one  of  the  Patavinian 

But  whoever  was  the  first  inventor  of  this  instrument, 
it  was  at  first  very  rode  and  imperfect;  and  as  the  various 

degrees  of  heat  were  indicated  by  the  dilferent  contiaciiun  at  thi 

or  expansion  of  air,  it  was  afterwards  found  to  be  an  un>  quantity  of 

certain  and  sometimes  a  deceiving  unsure  of  heat,  be-  of  a  columr 

cause  the  bulk  of  the  air  was  atfecteJ,  not  only  by  the  ■  atmosphere 

difference  of  heat,  but  also  by  the  variable  weight  of  the  to  make  it ! 

atmosphere. — There  are  various  kinds  of  thermometers,  was  measured  by  the  variation  of  the  column  of  mercury 

the  construction,  defects,  theory,  &c,  of  whrcb,  are  as  in  the  tube,  corrected  by  that  of  the  barometer,  with  rc- 

foll'w.  sped  to  the  changes  of  the  weight  of  the  external  air. 

7%£  jjtr  Thermonktbr. — This  instrument  depends  on  This  instrument,  though   much  more  perfect  than  the 

the  rarefaction  of  the  air.     It  consists  of  a  glaM  tube  ie  former,  is  nevertheless  subject  to  very  considerable  de- 

K^i-  1(  pl-  3P}  connected  at  one  end  with-  a  large  ulass  fects  and  inconveniences.     Its  length  of  4  feet  rendera  it 

VoT-lI.  3T 


the  mercury  iti  the  other ;  and,  on  the  contrary, 
eiitier  an  increase  of  heat,  or  decreaseof  the  weight  of  the 
atmospherewwill  cause  them  to  descend. 

For  these,  and  other  reasons,  thermometers  of  this  kind 
have  long  been  disused.  However,  M.  Araonlons,  in 
1702,  with  a  view  of  perfecting  the,  aerial  thermometer, 
contrived  his  Universal  Thermometer.  Finding  that  the 
changes  produced  by  heat  and  cold  in  the  bulk  of  the  air 
we're  subject  to  invincible  irregularities,  he  substituted 
for  these  the  variations  produced  by  beat  in  the  elastic 
force  of  thia  fluid,  This  thermometer  consisted  of  along 
tube  of  glass  (fig.  3,  pi,  39)  open  at  one  end,  and  recurved 
end,  which  terminated  in  a  ball.  A  certain 
ir  was  compressed  into  thi^  ball  by  the  weight 
of  mercury,  and  also  by  the  weight  of  the 
The  effect  of  heat  on  this  incluiled  air  was 
a  greater  or  less  weight ;  and  this  effect 


,  Google 


THE 


C    606    ] 


THE 


vntit  Tor  ft  vinety  ofrxprrimsnU,  and  U*  coMlruclion  is 
difficult  and  complex :  il  is  *xtremel)-  inconvenient  for 
carTiagr,  as  a  very  amall  inclination  of  the  tube  would 
■uffer  tbe  included  air  to  etcape :  also  the  friction  of  th« 
mercnry  in  the  lobe,  and  the  compreatibility  of  the  ur, 
contribute  to  render  the  indications  of  thii  instrument  ex- 
tremely uncertain.  Besides,  the  dilatation  of  the  air  is 
not  so  regularly  proportional  la  its  heat,  nor  is  its  dilata- 
tion by  a  given  heat  nearly  so  uniform  as  he  suppoted. 
1'hi>  depends  much  on  its  moisture ;  for  dry  air  doee  not 
expand  Dear  so  much  by  u  given  heat,  as  air  stored  with 
watery  particles.  For  these,  and  other  reasons,  enume- 
rated by  Deluc  (Recbercbes  lur  let  Mod.  de  I'Atmo. 
torn.  .1,  pa.  278  &c),  this  instrument  was  imitated  by 
very  few,  and  never  ^me  into  general  use. 

Ofihe  Flonniau  Tubrhometeh. — The  academisls  del 
Cinientu,  about  Ebc  middle  of  the  t7th  century,  consi- 
dering the  JoconveDiencies  of  the  air  thermometers  abo>c 
described,  attempted  another,  that  should  measure  heat 
and  cold  by  the  rarefaction  and  condensation  of  spirit  of 
wine ;  though  much  less  than  those  of  air,  and  cunse- 
qoentJy  the  alterations  in  the  degree  of  heat  likely  to  be 
much  lesn  sensible. 

The  spirit  of  wine  coloured,  was  included  in  a  very 
flne  and  cylindrical  glass  tube  (fig.  2,  pi.  39),  exhatuted 
of  its  air,  having  a  hollow  ball  at  one  end  a,  and  herme- 
tically sealed  at  the  other  eAd  D.  The  ball  and  tube  are 
filled  with  rectified  spirit  of  wine  to  a  convenient  height, 
as  to  c,  when  the  weather  is  uf  a  meau  temperature, 
which  may  be  done  by  inverting  tbe  tube  into  a  vessel  of 
stagnant  coloured  spirit,  under  a  receiver  of  the  air-punip, 
or  in  any  other  way.  When  the  thermometer  is  properly 
tilled,  (he  end  t>  is  heated  red  hot  by  a  lamp,  and  then 
ht:rmeticaUy  sealed,  leaving  the  included  air  of  about  i  of 
its  natural  density,  t»  prevent  the  air  which  is  in  the  spirit 
from  dividing  it  in  its  expansion.  To  the  tube  is  applied 
a  scale,  divided  from  the  middle,  into  100  equal  parts, 
upwards  and  downwards. 

Now  spirit  of  wine  rarefying  and  condeiving  very  con- 
siderably ;  as  the  heat  of  the  ambient  atmosphere  in- 
creases, the  spirit  will  dilate,  and  so  ascend  in  the  tube ; 
and  as  the  heat  decrea'.-.  the  spirit  will  descend;  and 
the  decree  or  quantity -«rT1)e  motion  will  be  shown  by  the 
attached  scale. 

These  tbermoBieters  could  not  be  subject  to  any  incon- 
venience by  an  evaporation  of  the  liquor,  or  a  variable 
gravity  of  the  incumbent  atmosphere.  Instruments  of 
this  kind  were  6rBt  introduced  into  England  by  Mr. 
'  Boyle,  and  they  lOon  came  into  general  use  among  philo- 
sophers in  other  countries.  They  are  however  subject 
to  coDsiderahle  inconveniences,  from  the  weight,  of  the  li- 
quor itself,  and  from,  the  elasticity  of  the  air  above  it  in 
the  tube,  both  which  prevent  the  freedom  of  its  ascent ; 
besides,  the  rarefactions  are  not  exactly  proportional  to 
the  surrounding  heal.  Moreover  spirit  of  wine  is  inca- 
pable of  bearing  very  great  heat  or  very  greet  cold :  it 
boils  sooner  than  any  oUicr  liquor;  end  therefor  the  de< 
grecs  of  heat  of  boiling  fluids  cannot  he  determined  by 
this  thermometer.  And  though  it  retains  its  fluidity  in 
pretty  severe  cold,  yet  it  seems  not  to  condense  very  re- 
gularly in  them ;  and  at  Torneao,  near  the  polar  circle, 
the  winter  cold  was  so  severe,  as  Maupertuis  inEorms  us, 
that  the  spirits  were  frozen  in  all  their  thermoraelen.  So 
that  the  degrees  of  heat  vni  cold,  which  spirit  of  ntni  is 


capable  of  indicating,  is  much  too  limited  la  be  of  very 
great  or  general  use. 

,^noIher  great  defect  of  these,  and  other  thermometers, 
is,  that  their  degrees  cannot  be  compared  with  each  other. 
It  is  true  they  mark  the  variations  of  h<-at  and  cold  ;  but 
each  marks  for  itself,  and  afier  its  own  manner;  because 
ihey  do  not  proceed  from  any  point  of  temperature  that 
is  common  to  all  of  them. 

From  these  and  various  other  imperfections -in  these 
thermometers,  it  happens,  that  the  comparisons  of  them 
become  so  precarious  and  defective :  and  yet  the  most 
curious  and  interesting  use  of  thein,  is  what  ought  to 
atise  from  such  comparison.  It  is  by  this  we  should 
knuw  tbe  heat  or  cold  of  another  season,  of  another  year, 
another  cliniatc,  &c  ;  and  what  is  the  greatest  degree  of 
heat  or  cold  that  men  and  other  animals  can  subsist  in. 

Reaumur  contrived  a  new  thermometer,  (fig.  3,  pi.  S9) 
in  which  the  inconveniences  of  the  former  are  proposed 
to  be  remedied.  He  took  a  large  ball  aitd  tube,  the  con- 
tent or  dimensions  of  which  are  known  in  every  part ;  he 
graduated  the  tube,  so  that  tbe  space  from  one  division  to 
atMiher  might  contain  a  IDOOth  part  of  tbe  liquor,  which 
liquor  would  contain  1000  parts  when  it  stood  at  the 
frreting  point:  then  putting  the  ball  cf  his  thermometer 
and  part  of  the  tube  into  boiling  water,  he  observed  whe- 
ther it  rose  60  divisions :  if  it  exceeded  these,  he  changed 
his  liquor,  and  by  adding  water  lowered  it,  till  upon  trial 
it  should  just  rise  80  divisions;  or  if  the  liquor,  being 
too  Ibw,  fell  short  of  SO  divisions,  he  raised  it  by  adding 
rectified  spirit  to  it.  Tbe  liquor  thus  prepared  suited 
his  purpose,  and  served  for  malting  a  thermometer  of  any 
siEe,  whose  scale  would  agree  with  his  standard.  Such 
liquor,  or  spirits,  being  about  the  strength  of  common 
brandy,  may  easily  be  bad  any  where,  or  made  of  a  proper 
degree  of  density  by  raising  or  lowering  iu 

The  abb6  Nollet  made  many  excellent  thermometers 
upon  Reaumur's  principle.  Dr.  Martine  however  ex- 
presses his  apprehensions  that  thermometers  of  this  kiitd 
cannot  admit  of  ouch  accuracy  as  might  be  wished.  'Hte 
balls  or  bulbs,  being  large,  as  3  or  4  inches  in  diameter, 
are  neither  heated  nor  cooled  soon  enough  to  show  tbe 
'  variations  of  beat.  Small  bulbs  and  small  tubes,  he  says, 
are  much  more  convenient,  and  may  bexonstructed  with 
sufficient  accuracy.  Though  it  must  be  allowed  that 
Reaumur,  by  his  excellent  scale,  and  by  depriving  tbe 
spirit  of  its  air,  and  expelling  the  air  by  means  of  heat 
from  the  ball  and  tube  of  his  thermometer,  has  brought  it 
to  as  much  perfection  as  may  be  ;  yet  it  is  liable  to  sonte 
of  tbe  inconveniences  of  spirit  thermomet«r«,  and  is  much 
inferior  to  mercurial  ones.  These  two  kinds  do  not 
agree  together  in  indicating  the  same  degrees  of  intense 
cold  ;  for  when  the  mercury  has  stood  at  33°  below  0, 
the  spirit  indicated  only  18°,  and  when  the  mercury  stood 
at  38°  or  37°  below  O,  the  B[»rit  rested  at  25°  or  89°. 
See  the  description  of  Reaumur's  thermometer  at  la^  in 
Hem.  tic  I'Acsd.'^cs  Scienc.  an.  I7S0,  pa.  645,  Hist.  pa. 
15.     lb.  an.  1731,  pa.  354,  Hut.  pa.  7. 

Mercurial  Thekhomxtbr. — It  is  a  moat  important 
circumstance  in  the  construction  of  thermometen,  to  pro- 
cure a  fluid  that  measures  equal  variations  of  heat  by  cor- 
responding equal  variations  in  its  own  bulk  :  aud  the  fluid 
whJch  possesses  this  essential  requisite  in  the  most  perfect 
degree,  is  mercury  :  the  variations  in  its  bulk  j^proachiug 
nearer  to  a  proportion  with  the  corrcapondiiig  oariatioBS 
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of  its  heat,  than  any  other  fluid.    Besides,  it  is  the  most        Othertkermometersof  a  EiniilaTconslruciioi^bavebeni  ' 

easy  10  puTge  of  its  air;  and  is  also  the  iiiost  proper  far  accotninotlated  to  common  use,  having  but  a. portion  of 

ineasunng  very  considerable  variations  of  heat  and  cold,  the  above  scale.    Tfaey  have  been  made  of  a  small  sjeo 

as  it  will  bear  more  cold  b^orc  freezing,  and  more  heat  and  portable  form,  and  adapted  with  appendages  to  par- 

befo/e  boiling,  than  any  other  fluid.    Mercury  is  also  more  ticular  puiposes  ;  and  the  tube  with  its  annexed  scale  lias 

seanble  than  any  other  fluid,  air  excepted,  or  conforms  ol^n  been  enclosed  inanother  thicker  glass  tube,  also  her- 

more  speedily  to  the  several  variations  of  heat  Moreover,  meti call y  sealed,  to  preserve  the  thermometer  from  injury. 

as  mercury  is  an  homogeneotis  fluid,  it 'Will  iu  every  thcr-  And  all  these  are  called  Fahronhoit's  thermometers, 
mometer  exhibit  ibe  same  dilatation  or  condensation  by  In  1733,  M.  Dclisle  of  Pcteiaburg  construcied  a  mcr-* 

the  same  variations  of  heat.  cuiial  theruiometer  (see  Jig.  3,  pi.  34),  on  the  principles 

J>r.  Halley,  though  apprised  only  of  some  of  the  r»-  of  Reaumur's  spirit  thermometer.     In  his  thermometer, 

markable  properties  of  mercury  above  recited,  seems  to  the  whole  bulk  of  quicksilver,  when  immergud  in  boiling 

have  been  the  first  who  su^ested  the  application  of  this  water,  is  conceived  lo  be  divided  into  100,000  paria  ; 


fluid  to  the  construction  of  thermometers.    Philos.  Trans, 
vol,  3,  pa.  SOi. 

Bocrhaave  (Chem.  I,  pa.  720)  says,  these  mercurial 
therroometen  were  first  contrived  by  Oiaus  Roemer ;  but 
the  claims  of  Fahrenheit  of  Amsterdam,  who  gave  an  ac- 
count  of  his  invention  to  the  Royal  Society  in  1724, 
(Philos,  Trans.  No. 381,)  have  been  generally  allowed. 
And  though  Frius  and  othera,  in  England,  Holland, 
Frabce,  and  other  countries,  have  made  this  instruments 


from  this  one  fixed  point  the  various  degrees  of  heat,  either 
above  or  below  it,  are  marked  in  these  parrs  iin  the  tube 
or  scale,  by  the  various  expansion  or  contraction  of  the 
quicksilver  in  all  imaginable  varieties  of  heat, — Ur.  Mar* 
tine  apprehends  it  would  have  been  better  if  Delisle  had 
made  the  integer  100,000 parts,  or  fixed  point,  atfreeiing 
water,  and.from  thence  computed  the  dilatations  or  con- 
densations of  the  quicksilver  in  those  parts;  as  all  the 
common  observations  of  the  weather,  &c,  would  have  been 


well  as  Fahrenheit,  yet  most  of  the  mercurial  thermome-  expressed  by  numbers  increasing  as  the  heat  increased,  i 

tcrsare  graduated  according  to  his  scale,  and  arc  called  stead  of  decreasing,  or  counting  the  contrary  way.     How- 

Fahrc&heil's  thermometers.                                       .  ever,  in  practice  it  will  not  be  very  easy  to  determine  ex- 

The  cone  or  cylinder,  which  these  thermometers  are  actly  all  the  divisions  from  the  alteration  of  the  bulk  of 

oltea  made  with,  instead  of  the  ball,  is  made  of  glass  of  a  the  contained  fluid.     And  besides,  as  glass  itself  is  dilated 

moderate  thickness,  lest,  when  the  exhausted  tuba  is  her-  by  heat,  though  in  a  less  proportion  than  quicksilver,  it  is 

metically  sealed,  itsinternalcapacity  should  bediminished  .  only  the  excess  of  the  dilatation  of  tb«  contained  fluid 

by  the  weight  of  the  ambient  airootpbere.     When  the  mer-  above  that  of  the  glass  that  is  observed  ;  and  therefore  if 

cury  is  thoroughly  purged  of  its  air  and  moisture  by  boil-  different  kinds  of  glass  be  differently  atfected  by  a  given 

iog,  the  thermometer  is  filled  with  a  sufficient  quantity  of  degree  of  heat,  this  will  make  a  seeming  diflierence  iu  the 

it ;  and  beIoi«  the  tube  is  hermetically  sealed,  the  air  is  diUtatioDS  of  the  quicksilver  in  the  thermometers  con- 

whoUy  expelled  from  it  by  heating  the  mere nry,  so  that  it  structed  in  the  Newtonian  method,  either  by  Reaumur's 

may  be  rarefied  and  ascend  to  the  top  of  the  tube.     To  the  rules  or  Delisle's.     Accordingly  it  has  been  found,  that 

side  of  the  tube  is  annexed  a  scale  (fig.  7,  pi-  39),  which  the  quicksilver  in  Deli^e's  thermometers  has  stood  at  dtf' 

Fahrenheit  divided  into  600  parts,  bef^nning  with  that  of  ferent  degrees  of  the  scale  when  iromerged  in  thawing    . 

the  severe  cold  which  he  had  observed  in  Icdandin  1709,  snow:  having  stood  in  some  at  154°,  while  in  others  it 

or  that  produced  by  surrounding  the  bulb  of  the  thermo-  has  been  at  156  or  even  158°. 

meter  with  a  mixture  of  snow  or  beaten  ice  and  sal  am-  MetaUic  Thekkometer. — This  is  a  name  given  to  a 

moniac  ur  sea  salt.    This  he  apprehended  to  b«  the  great-  machine  composed  of  two  metals,  which,  while  it  indicates 

Cit  degree  of  cold,  aud  accordingly  he  marked  this,  as  the  the  varialioos  of  heat,  serves  to  correct  the  errors  hence 

beginuing  o£J}is  scale,  with  0 ;  ^e  point  at  which  mercury  resulting  in  the  going  of  pendulum  clocks  and  watches, 

begins  to  boil,  he  concnved  to  show  the  greatest  degree  of  Instruments  of  this  kind  have  been  contrived  by  Graham, 

heat,  and  this  he  made  the  limit  of  hisscak.     The  distance  Le'Roy,  Ellicot,  Harrison,  aud  other  eminent  artificers, 

between  these  two  points  he  divided  into  600  equal  paHs  See  the  Philos.  Trans,  vol.  44,  pa.  689,  and  vol.  45,  pa. 

or  degrees  ;  and  by  trials  he  found  at  the  free«ing  point,  129,  and  vol.  51,  pa.  843,  where  the  particular  deacrip- 

when  water  just  begins  to  freeze,  or  snow  or  ice  just  be-  tions  &c  may  be  seen. 

gins  to  thaw,  that  the  mercury  stool  at  32  of  these  divi-  M.  Ddnc  has  likewise  described  two  thermooKters  of 

sions,  therefore  called  the  d^re*  tf  the  frcecing  point;  metal,  ivhicb  he  usds  forcorrectingtheeffects  of  heatupon 

and  when  the  tube  was  immersed  in  boiling  water,  the  a  barometer,  ami  fn  hygrometer  uf  his  construction  can- 

mercury  rose  to  313,  which  therefore  is  the  boiling  point,  nected  with  them.    See  Philoi.  Traps,  vol.68,  pa.  437. 

and  is  just  180  degrees  above  the  former  or  fieexing  point.  Oij  TautMoUETaRB. — To  this  class  belongs  Newton's 

But  the  present  metbodof  making  the  scale  of  those  ther-  thermometer,  constructed  in  1701,  with  linseed  oil,  in- 

tnometers,  which  is  the  kind  in  most  common  at^  is  first  stead  of  spirit  of  wine.     This  ituid  hai  the  advantage  of 

to  immerge  the  bulb  of  the  thermometer  in  ice  or  snow  being  suBlcieatly  homogeneous,  and  capable  of  15  times 

just  banning  to  thaw,  and  mark  the  plMe  where  the  mer-  greater  rarefaction  than  that  of  spirit  of  wine.    It  has  not 

cury  stands  with  33  ;  then  imnserge  it  in  boiling  water,  been  abfarved  to  freeae  even  in  very  great  colds;  atid  it 

and  again  mark  the  place  where  the  m«cury  stands  in  the  siutaios  a  great  beat,  about  4  times  that  of  water,  before 

tube,  which  mark  with  the  No.  213,  exceeding  the  for-  it  boils.     With  tkeM  advaatagea  it  was  made  use  of  by 

mer  by  180 ;  dividing  therefore  the  intermediate  spaoa  Sir  [.  Newton,  who  diacovered  by  it  the  comparative  djfi- 

into  180  equal  parb,  will  give  di«  scale 'of  the  thenBonC-  gfoa  of  heat  for  boiling  water,  raeltihg  wax,  boiling  spirit 

ter,  and  which  may  afterwania  be  ContiRiMd  tipwapisaR^  ofvine,  and  mdting  tia  ;  beyond  which  itdoesnotep- 

duwnwards  at  pleaiiire.  paac  that  this  UeMMuellK  was  applied.    The  method  he 
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iisfd  fur  cdjuMing  the  scale  of  tbi«oil  ihermonieter,  was  and  noKthe  place  the  spirit  rises  to  witli  2:  l>y  (buspro* 

■s  fuliowt :  suppuMng  tbe  bulb,  whvn  jminer<itvd  in  ihitw-  cetding  lilt  tbe  wbolo  pound  ot  water  is  spent,  the  ii»ttu- 

ing  snow,  lo  contain  lO.OOU  parts,  he  found  the  oil  (.x-  tneiit  uill  be  found  divided  into  Imparts,  dcnuting  so  many 

panded  by  tbe  hi'Hi  uf  the  human  bod^  suns  to  take  up  a  terms  or  degrees  of  heat;  so  that  at  2  the  heal  is  double 

.191b  more  space,  or  10256  such  parts;  and  by  ihc  beat  to  that  at  I,  at  3  triple,  ice."- 

uf  water  boiling  strongly  10723;  and  by  the  heal  uf  melt-  But  this  melhoJ,  though  plausible,  WolHus  shows,  i» 
ingtin  11516.  So  that,  reckoning  the  fR-ecing  point  us  a  deceitful,  and  built  nn  faltie  suppositions;  for  it  takes  for 
common  limit  between  heat  and  cold,  he  began  his  scale  granted,  [bat  we  ha«e  one  degree  of  beat,  by  adding  one 
(here,  marking  it  O,  and  the  heat  of  ihe  human  body  he  ounce  uf  hot  water  to  1 1  of  cold  ;  two  degrees  by  adding 
made  l'J°;  and  consequently,  the  degrees  of  beat  being  bounces  to  ID,  &c  :  it  supposes  also,  that  a  single  degree 
proportional  to  the  degrees  of  rarefaction,  or  356  :  725  :  :  of  heat  acts  on  the  spirit  of  wine,  in  the  hdli,  with  a  single 
13  :  34,  this  number  34  will  r\presa  the  heat  of  boiling  force  ;  a  double  with  a  double  force,  &c  :  lastly  it  sup- 
water;  and,  by  ibe  same  rule,  72  that  of  inciting  tin.  poses,  ibat  if  the  effect  be  pioduced  in  (he  thermomcicr 
Philos.  Trans.  No.  'J70.  by  the  heat  of  the  ambient  air,  which  is  here  produced  by 

There  is  an  insuperable  inconvenience  attending  all  the  hot  water,  the  air  has  ihesiiinc  degn-eof  bi'at  uith  the 

.  thermometers  made  with  oil,  or  any  other  viscid  fluid,  viz,  water, 
that  such  liquor  adhi'res  too  much  10  the  sides  of  the  tube.         Soon  after  this  project  of  Itennldiui,  via,  in  1701,  Neir- 

and  so  inevitably  disturbs  the  regularity  and  unifoniiity  ton  constructed  his  oil  iheimometer,  and  placed  the  base 

of  the  theTmometer.  or   lowest  fi\cd  point  of.  his  scale  at  ihe   temperature 

Cff  the  fixed  point!  qf  Tiiermometebs. — Various  me-  of  thawing  snow,  and  \'2  at  thut  of  the  human  body_ 

thods  have  been  proposed  by  different  authors,  fur  linding  &c,   as  above,  e.x plained.-' Del uc  obsarves,   that  the  2d 

a  &xed  point  or  dej^ree  of  heat,  from  which  to  reckon  the  term  of  this  scale  sboulil  have  been  at  a  greater  distance 

other  degrees,  and  adjust  the  scale  ;  so  that  difterent  ob-  from  IJie  first,  and   thai  the  heat  of  boiling  water  would 

servalions  and  instruments  might  be  compared  together,  have  answered  tlie  puiposc  belter  than  that  of  ibe  human 

Mr.  Buylc  was  very  sensible  of  the  inconveniencies  artningi  body. 

from  the  want  of  a  universal  scale  and  mode  of  gsadua-        In  1702,  A  mo  n  tons  contrived  his  universal  thermometer, 

tion  ;  and  he  proposed  cither  the  freezing  of  tba  essential  tbc  scale  of  which  was  graduated  in  the  foUowii^  man^ 

oil  of  aniseeds,  or  of  distilled  water,  asa  termto  begin  the  ner.     He  chose  for  the  fint  term,  the  ncight  that  coun- 

nurobers  at,  and  from  thence  to  graduate  them  according  terbalaiiced  the  air  included  in  his  thermometer,  when  it 


to  the  prop'irtional  dilatations  or  contractions  of  the  in-  was  heated  by  boiling  water:  and  in  this 

eluded  spirits.  justed  the  quantity  of  mercury  contained  in  it,  till  the  sura 

Dr.  Halley  (Philos.  Trans,  vol.  3.]  seemslo have  beenfully  of  its  height  in  the  tube,  and  of  its  height  in  the  barometer 

cpprised  of  the  badcDectsof  tbe  indefinite  metbodof  con-  at  the  moment  of  observation,  was  pqual.to  ?3  inches, 

itructing  thermometers,  and  wished  to  have  them  adjusted  .Fixing  this  number  at  the  point  to  which  the  mercury  in 

to  some  determined  points.     What  be  seems  to  p^fer,  for  the  tube  rose  by  plunging  it  in  boiling  water,  it  is  evident 

this  purpose,  is  the  degrecof  temperature  found  in  subter-  that  if  (he  barometer  at  this  time  was  at  2S  inches,  the 

ranean  places,  where  the  heat  in  summer  or  cold  iu  winter  height  of  tbc  column  of  mercury  in   the  thermometer, 

appears  to  have  no  influence.     But  this  degree  of  tern-  above  the  level  of  that  in  the  ball,  was  45  inches;  but  if 

perature,  Dr.  Marline  shows,  is  a  term  for  the  universal  the  height  of  tbe  barometer  was  less  by  a  certain  quaniityr 

construction   of  thermometers,    both    inconvenient  and  the  column  of  the  thermometer  ought  lo  begreatcr  by  the 

precarious,  as  it  cannot  be  easily  ascertained,   and  a»  same  quantity,  and  reciprocally.     He  formed  his  scale  on 

the  diference  of  soils  and  depths  may  occasion  a  con-  the  supposition,  that  the  weight  of  the  atmosphere  was  al- 

siderable  variation.      Another  term  of  heat,  which   he  ways  equal  to  that  of  a  column  of  mercury  of  28  inches^ 

thuught  might  be  of  use  in  a  general  graduation  of  ther-  and  he  divided  it  into  inches  from  the  point  73  down- 

mometers,  is  that  of  boiling  s()irit  of  wine  that  has  been  ward,    marking  the  divisions  with  7^,  71,  70,  &c,  and 

highly  rectified.  subdividing  the  inches  into  lines.     But  as  the  weight  of 

The  lirst  trace  that  occurs  of  tbe  method  of  actually  iheatroosphereis  variable,  the  barometer  must  bcobsejved 

applying  fixed  points  or  terms  to  the  thermometer,  and  at  the  same  timp  with  tbe  iberroonieter,  that  the  number 

of  graduating  it,  so  that  the  unequal  divisions  of  it  mi£ht  indicated  by  this  last  instrument  may  be  properly  cor-    - 

correspond  to  equal  degrees  of  heat,  is  the  project  of  Re-  rected,  by  adding  or  subtracting  the  quantity  which  the 

naMini,  professor  at  Padua,  in  I694  :  it  is  thus  described  mercury  is  below  or  above  2S  inches  in  ibc  barcmeter. 

in  the  Acta  Erud.  Lips.     "  Take  a  slender  tube,  about  4  In  this  scale,  then,^tbe  freezing  point  is  at  51i  inches,  cor- 

pTilms  long,  with  a  ball  fastened  to  the  s&me;  pour  into  responding  to  32  degrees  of  Tahrenhcii,  and  tbe  heat  of 

it  spirit  iif  wine,  enough  just  to  lill  the  ball,  when  sur-  boiling  water  at  73  inches,  answering  to  213  of  Fahren- 

rounded  with  ice,  and  not  a  drop  over;  in  this  state  seal  heit's;  and  thus  they  may  be  easily  compared  together, 
the  orifice  of  the  tube  hermetically,  and  provide  12  ves-        The  fixed  points  of  Fahrenheit's  thermometer,  as  has 

sels,  each  capable  of  containing  a  pound  of  water,  and  been  already  observed,  are  the  congelation  produced  by 

somewhat  more;  and  into  the  tint  pour  11  ounces  of  cold  sal  ammoniac  and  tho  heat  uf  boiling  water.     The  inler- 

watcr,  into  the  second  10  ounces,  into  the  third  9,  &c  ;  val  between  these  points  is  divided  intv  212  equal  parts;, 

this  done,  immetge  the  thermometer  in  tbc  first  vessel,  and  the  former  ol  these  points  being  inarkud  0,  and  the  othec 

pour  into  it  one  ounce  of  hot  water,  observing  how  high  212. 

Iho  spirit  rises  it)  the  tube,  and  noting  the  potut  with         Reailtnur  io  his  thermometer,  the  construction  of  which 

unity  ;  then  remove  the  thermometer  into  the  second  vesr  Ite  published  in  17j£0(  begins  his  scale  at  an  artificial 

sel,  into  which  are  to  be  poured  3  ouncei  of  hot  water,  congelation  of  water  in  warm  ncatber,  which»u  he  uses 
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hir^c.  hulds  I'ur  his  f[1(is«e»,  givi's  the  frcpziiig  point  much  lu  llie  standard  iherinometcr  of  llic  Royal  Society  of 

higher  than  it  should  be,  and  at  boiling  watur  he  marki     London,  according  to  which  tboraiometcrs  were. fur  i 


SO  degrees,  which  point  Or.  Marline  thinks  is  more  vague 
and  uncertain  thnn  his  freezing  point.  In  onlrr  lu  deler* 
mine  the  curresfionilcnce  of  his  scaie  vvilh  tkfU  of  Fah- 
Ruhcit,  it  is  to  hr  considered  ilwt  his  boiling  water  heat, 
is  really  only  the  boiling  beat  of  weakened  spirit  of  wine, 
coinciding  nunrly,  aS'  Dr.  Martine  apprehcnda,  with  Fiili- 
renhdt's  180  degrees.  And  as  his  )0{  degrees  is  the 
constant  heM  of  the  cave  of  the  observatory  uX  Paris,  or 
Fahrenheit's  5S',  he  tbenee  finds  hii  freeiing  point,  ini- 
siead  of  anpiweriiig  just  to  32°,  to  be  somewhat  above  34°. 

In  Celsius's  Ihernioineter  (exhibited  in  plate  39,  tig.  S), 
which  is  mercurial,  the  two  fixed  terms  are  the  degri-c  at 
which  ice  beiciiis  to  thaw,  and  that  which  answers  lo 
the  heH,i  of  boiling  water.  The  interval  belwwn  these 
two  limits  is  divided  itito  a  hundred  equal  parts,  and  the 
zero  of  the  scale,  which  is  ihc  inferior  Jimii,  eorreaponds 
lo  33°  of  Fahrc^nheit ;  so  that  9  degrees  of  Fahreuhuii'i 
scale  arc  equivalent  tu  5  degrees  of  Celsius's,     I'his  ther- 

[oumL-ter  '  " 

moineieh 

Delisle's  ihermornetci?  an  account  of  which  he  preKnt- 
ed  M  the  Petersburg  Academy  in  1733,  has  only  one  fixed 
point,  which  is  the  heat  uf  boiling  water,  and,  contrary 
n  the  common  order,  the  ^eteral  degrees  arc  marked 
from  this  point  downward,  according  to  the  condensations 
of  Ihe  contained  quickniveri  and  consequently  by  num- 
bers increasing  as  the  heatdecreases.  The  freezing  point 
of  Delisle'a  scale,   Dr.Mi  ■■    


long  lime  constructed  in  Eoglaod,  Dr.  Martine  found 
that  3H  degrees  answered  to  64°  in  Fahrenheit,  and  0 
to  89. 

'  In  tlie  thermometers  graduated  for  adjusting  the  de- 
grees of  heat  proper  for  exotic  plants,  &.C,  in  stoves  and 
greenhouses,  the-  middle  temperature  of  the  air  is  marked 
at  0,  and  the  degrees  of  heat  and  cold  are  numbered 
both  above  aoM  below.  Many  of  these  are  made  on  no 
regular  and  li.ted  principles.  But  in  that  formerly  mucti 
used,  callt-d  Fowler's  regulator,  the  spirit  fell,  in  niclling 
snow,  10  »b()Ut  34°  below  0 ;  and  Dr.  Manine  found  that 
his    lii°  abuvu  O,  nearly  coincided  with  Ii4°.  of  FaJir«u- 

it  his  ther- 


Dr.  Hales  (Statical  Essays,  vol.  I,  pa.  58),  i 
inomctor,  made  witli  spirit  of  wine,  and  used  in  exprri~ 
■ncnts  on  vegetation,  bi-gaii  his  scale  with  the  lowest  de- 
gree of  freezing,  or  ,i2°  uf  Fahrenheit,  and  carried  it  up 
to  100°,  wj>ith  he  marked  where  the  spirit  stood  when 
generally  called  ihe  Centigrade  ther-  the  ball  was  heated  in  hot  water,  upon  which  some  wax 
floating  lir^t  began  to  coagulater  and  this  point  Dr.  Mar- 
tine  found  to  correspond  with  IW"  of  Fahrenheit.  But 
by  experience  it  is  found  that  Hales's  100  falls  consider- 
ably above  148. 

Id  the  Edinburgh  thermometer,  made  with  spirit  of 

wine,  and  used  in  tha  meteorological  observations  pub 

lished  in  the  Medical  Essays,  the  scale  is  divided  into' 

inches  and  tenths.     In  melting  snow  the  spirit  stood  at 

and  the  heat  of  the  human  skin  raised  it  lo  33^. 


corresponding  to  Fahrenheit's  32°,  by  means  of  which  they     Dr.  Martine  found  that  the. heat  of  the  person  who  gra-  , 
may  be  compared;  but  Dui^rest  says,  that  this  point  ought     duaied.it,  was  97  of  Fahrenheit. 

The  new  French  thernometcr,  called  the  Centigrade  ■ 
Thermometer,  contains  100  degrees  between  the  freezing 


o  be  marked  at  least  at  154" 

Ducrest,  in  his  spirit  thermometer, constructed  in  1740, 
made  use  of  two  fixed  points ;  the  first,  or  0^  indicated 
the  temperature  of  the  earth,  and  was  marked  on  his 
scale  in  the  c&ve  of  the  Paris  Observatory ;  and  the  other 
was  the  heat  of  boiling  water,  which  that  spirit  in  his 
thermometer- was  made  to  endure,  by  leaving  the  upper 
part  of  the  tube  full  of  air.  He  divided  the  interval  be- 
tween these  points  into  100  equal  parts;  calling  the  divi- 
sions upward,  degrees  of  heat,  and  those  below  O,  degrees 
ef  cold. — It  is  said  that  he  has  since  regulated  his  ther- 
mometer by  the  degree  of  cold  indicated  by  melting  ice, 
which  he  found  to  be  lOf. 

The  Florentine  thermometers  were  of  two  hinds.  In 
one  Bori  the  freezing  point,  determined  by  (fce  degree  at 
which  the  spirit  stood  in  the  ordinary  cold  of  ice  or  snow 
(probably  in  a  thawing  state)  and  coinciding  with  32°  of 
Fahrenheit,  fell  at  20"^;  and  in  the  other  kind  at  ISf. 
And  Ihe  natural  heat  of  the  viscera  of  cows  and  deer,  &c, 
raised  the  spirit  in  the  latter,  or  less  sort,  to  about  40°, 
coinciding- with  their  summer  heat,  and  nearly  with  1 02-" 
in  Fahrenheit's;  and  in  their  other  or  long  thermometer, 
the  spiHt,  when  exposed  to  the  great  midsummer  heat  in 
their  country,  rose  to  the  point  at  which  ihey  murlted  S0°. 


and  boiling  points  of  water;  and  those  degrees  further 
divided  decimally  by  a  vernier,  &c. 

From  the  abstract  of  the  history  of  the  construction  of 
thermometers,  it  appears  that  freezing  and  boiling  water 
have  furnished  the  distinguishing  points  that  have  been 
marked  upon  almost  all  thermometers.  The  inferior 
fixed  point  is  that  of  freeiing,  whichsomc  have  determined 
by  the  freezing  of  water,  and  others  by  the  melting  of  ice,, 
plunging  [lie  ball  uf  the  thermometer  into  the  water  and 
ice,  while  melting,  which  is  the  best  way.  TJie  superior 
fixed  point  of  almost  all  thermometers,  is  the  heal  of  bolN 
ing  vrater.  But  this  point  cannot  be  considered  as  fi.\ed 
and  certain,  unless  the  heat  be  produced  by  the  same  de- 
gree of  boiling,  and  under  the  same  weight  of  the  atmo- 
sphere ;  for  it  is  found  that  the' higher  the  barometer,  or 
the  heavier  the  atmosphere,  the  greater  is  the  heat  when 
the  water  boils.  It  is  now  agreed  therefore  that  the  ope- 
ration of  plunging  the  ball  of  the  thermometer  in  th* 
boiling  water,  or  suspending  it  in  tbe  steam  of  the  same 
in  an  enclosed-  vessel,  should  be  performed  when  the  water 
boils' violently,  and  when  the  barometer  stands  at  30 
English  inches,  in  a  temperature  of  55°  of  the  almo- 


in the  ihertnomeler  of  the  Parts  Observatory,  made  of  sphere,  marking  the  height  of  tbe  thcrmumeier  then  for 

spirit    of  wine    by    Lahire,  the    fluid'  always  stands  at  the  degree  of  212  of  Fahrenheit;  the  point  of  melting 

♦8°  in  Ihe  cave  of  the  observatory,  convsponding  to  53  ice  being  32  of  the  same  ;  thus  having  180  degrees  be- 

degrecs  in  Fahrenheit's;    and  his  28° corresponded  with  Iwecn  those  two  fixed  points,  so  determined."    This  was 

31  inches  6  lines  in  Amontons'  thermometer,  and  conse-  ,Mr.  Bird's'  method,  who  it  is  apprehended  first  attended 

quenlly  with  the  freezing  point,  or  33°  of  Fahrenheit's.  to  the  state  of  the  barometer,  in  the  making  of  thermo- 

In  Poleni's  thermometer,  made  after  the  manner  of  meters.     But  these  instruments  may  be  made  equally 

Amontons',  hut  with  less  mercury,  47  inches  correspond-  true  under  any  pressure  of  the  atmosphere,  by  making  a 

ed,  accordingtoDr.Martine,with5l  in  that  of  Amontons,  proper  allowance  for  the  difference  in  the  height  of  the 

fttid  53  with  59}.  barometer  from  30  inchet  M.  Deluc,  in  his  Recherche*- 
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kur  Im  klod,  de  I'AtmcMpheiv,  rram  a  irrin  of  experi-  'I'Le  Royal  Society  too,  fully  Mtuibli!  of  the  iaport* 
metitt,  bai  givca  an  MiuatUm  far  the  allowance  un  ac'  ance  ot'  adjiutin^  the  fixed  poiota  of  tbertnometeri,  ap- 
count  of  thif  difference,  in  Paris  ineature,  which  has  been  poiutetl  a  committee  of  Kven  genllemen  to  consider  <tf 
verified  by  tir  Goorge  Shuckburgh,  Philo*.  Trani.  177A     the  best  method  fur  thi«  purpose ;  and  tbeir  report  may 

I    .*to»  1         TX       ri  ■       .     1^       ma        ■      I  t      ■      n  *        I—  auin  ih    tk»  Pkilna    Ti^AIhi     vrA    1\7     Art     IT 


andl?76;Bl*oDr.  Hiirsley,Dr.Maskelyne,and 
Shudtborgb  bavr  adaptod  tbe  equaliun  and  ruii-s,  lo 
English  measures,  and  have  reduced  the  allowances  inio 
tables  for  the  use  nf  the  artist.  Dr.  Hor«ley's  rule,  dc- 
doced  frara  Deluc's,  is  this:  tvifenTs  io^-^  ~  93-8(H 


I  the  Pbilos.  TransJ  vol.  $7,  art.  37. 
They  observe,  that  though  tbe  boiling  point  be  placreal 
>  much  higher  on  some  of  the  thermometers  now  madc^ 
lan  on  others,  yet  this  cioes  not  produce  «ny  consider 
able  error  in  the  observations  of  the  wealber,  at  least  in 


A,  wfaere  A  denotes  the  height  of  a  therinomeier  plunged  tliis  climate;  for  an  error  of  If  degree  in  tbe  poailion  of 
in  boiling  water,  above  the  point  of  melting  ice,  in  de-  the  boiling  point,  will  make  an  error  only  of  half  a  de- 
grees of  Bird's  Fahrenheit,  and  i  the  liei^t  of  tbe  ba-  gree  in  the  position  of  92°,  and  of  not  more  thin  a  quar* 
romcter  in  lOths  of  an  inch.  From  this  rule  be  faa^  com-  ter  of  a  degree  in  the  point  of  €2°.  It  is  only  in  nice 
puted  tbe  following  table,  for  finding  the  heights,  to  which  experiments,  or  in  trying  the  beat  of  hut  liquors,  that 
a  good  Bird's  Fahrenheit  will  rise,  when  immersed  in  boil-  this  error  in  the  boiling  point  can  be  of  much  significa- 
ing  water,  in  all  states  of  the  barometer,  from  37  to  31     lion. 

E^ish  inches ;  which  will  serve,  among  other  uses,  to         In   adjusting    the  freeiing,    as 

direct  instrument-maken  in  making  a  true  allowance  (pr     well   as    the    boiling    point,    the    HsstofOn     c,^,^(^_ 
tbe  rSect  of  the  variation  of  the  barometer,  if  they  should     quicksilver  in  the  tube  ought  tO         ^'^ 
be  obliged  to  finish  a  thermometer  at  a  time  when  the  hf     be  kept  of  tbe  same  heat  as  that  in  43°  •00087 
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s  above  or  below  30  inches ;  though  it  is  best 
fix  the  baling  point  when  tbe  barometer  is  at  tb 
kdght. 

E^mation  q^lAe  Boiting  Point. 


tbe  ball.    When  the  freeaing  point 

is  placed  at  a  considerale  distance 

from  tbe   ball,  the  pounded  ice 

should  be  piled  up  very  near  to  it^ 

if  it  be  not  so  piled,  then  thejob- 

served  point,  to  be  very  accurate,  should  be  corrected, 

according  to  tbe  annexed  table. 

The  correction  in  this  table  is  expressed  in  1000th 
parts  of  the  distance  between  tbe  freesing  point  and  the 
surface  of  the  Jce :  ex.  gr.  if  the  freezing  point  stand  6 
inches  above  the  surface  of  the  ice,  and  the  heat  of  the 
room  be  62,  then  the  point  of  33  should  be  placed  6  x 
•00361,  or  •01566  of  an  inch  below  the  observed  point. 

Tbe  committee  ijinher  observe,  that  in  examining  the 

heat  of  liquorst  care  should  be  taken  that  the  quickulver 

in  the  tube  of  the  thermometer  be  heated  to  the  same  de- 

The  numbers  m  the  first  column  of  this  table  express    ^^^  „  (hat  in  the  ball  i  or  if  this  cannot  be  done  conve- 


£qJU>«. 

Oilf^nno. 

31-0 

f  1-47 

0-78 

SO^S 

+  0-79 

0-79 

30-0 

000 

0-80 

«9-5 

-  0-80 

0-82 

«9« 

-.  1  62 

0-85 

28-5 

-  i-ii 

0*85 

28-0 

-  351 

0-B6 

«7'4 

-  4-16 

0-88 

37-0 

—  5-04 

heights  of  tbe  quicksilver  in  the  barometer 
inches  and  decimal  parts :  the  2d  calm 


English 


niently,  the  observed  heat  should  be  corrected  ( 

for  the  manner  of  doing  which,  and  a  table 


has  also  given  several  tables  and  rules  relating  to  the  boil- 
ing ooint,  both  from  his. own  observations  aiul  Deluc's, 
from  which  u  extracted  the  following  table,  for  the  use  of 
artists  in  constructing  the  thermometer. 


tiontobeapplied  according  to  thesign  prefixed,  to"212°    calculated  for  that  purpose,  »eo  Philos.  Trans,  vol.6?, 
of  Birds  labrenbeit,  to  find  the  true  boiling  point  for    ^^t  37 

every  such  sute  of  the  baromeler.    The  boiling  point  for         f,  „^  for  some  time  thought,  specially  from  the  exp^ 
all  intrrmediate  states  of  tbebarometer  may  be  bad  with    jjmenU  it  Petereburg,  that  quicksilver  suffered  a  cold  of 
sufhaent  accuracy  by  taking  proportional  parts,  by  means    ,everal  hundred  degrees  below  0  before  it  congealed  and 
of  the  3d  column  of  differences  of  the  equations.     See    became  fixed  and  malleable  ;  but  later  experimeatt  have 
Philos. Trans^ol.  6*. art.  30;  also  Dr.  Maskelyne's paper,    ^hown  that  this  persuasion  was  nsarely  owing  to  a  decep- 
.^.    i,"'??'    ..........  ■    .-  .,        tion  in  the  •aperiments,  and  later  ones  have  made  it  ap- 

Sir  Geo.  Shuckburgh  (Philos.  Turns,  vol.  69,  pa.SfiS)    ^,  ,tat  its  pSint  of  congelation  is  no  lower  than  -  40". 

.  »l«,  „.««  .■..™i  r«i,l«  „n^  ,„l«  ,-U,. 1.=  K„;..    ^^  ^^^^  _  3go_  ^f  Fahrenheit's  scale.     Bfit  that  it  will 

bear  however  to  be  cooled  a  few  degrees  below  that  point, 
to  which  it  leaps  up  again  on  bc^nning  to  coitgeali  and 
that  its  rapid  descent  in  a  thermometer,  throiigb  many 
hundred  degrees,  when  it  has  once  passed  the  above-men- 
tioned limit,  proceeds  merely  from  its  great  contraction  in 
tbe  act  of  freeiing.  See  Philos.  Tians.  vol.  73,  an.  •20, 
20.  31. 

MuaUammut  Obttrtntdoiu. 
It  is  absolutely  neceasary  that  those  who  would  derive 
an^  advantage  from  theae  instrument^,  should  agree  in 
using  the  same  liquor,  and  in  determining,  according  to. 
the  same  method,  tbe  two  fundamental  points,     if  they  . 
agree  in  these  fixed  points,  it  is  of  no  great  importance 
whether  they  divide  the  interval  between  them  into  a  < 
greater  or  a  less  number  of  equal  parts.     The  scale  of 
Fahrenheit,  in  which  the  fundamental  interval  between 
312°,  the  point  of  boiling  water,  and  32^  that  of  meltiag 
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ice,  K  divided  into  180  parts,  ifaould  be  retuned  in  th«- 
northern  countries,  where  Fabrenheit's  tberniometer  is 
used:  and  tbe  scale  iu  whicb  ihe  fundaioeDUl  interval  is 
divided  into  SO  parts,  will  serve  for  (hose  countries  where 
Reaumur's  thermomeler  is  adopted.  But  no  inconvje- 
nience  is  to  be  apprehended  from  varying  the  scale  for  par* 
ticular  uses,  provided  care  be  taken  to  signify  into  what 
number  of  parts  tbe  fundamental  interval  is  divided,  and 
the  point  where  0  is  placed. 

With  regard  to  the  choice  of  tubes,  it  is  best  to  have 
them  exactly  cylindrical  through  tbeir  wbole  length. 
The  capillary  tubes  are  preferable  to  others,  because  they 
require  smaller  bulbs,  and  they  are  also  mure  sensible, 
and  less  brittle.  Tbe  most  convenient  sise  for  commoD 
experiments  has  Ihe  internal  diameter  about  the  liOch  or 
50th  of  an  inch,  about  9  inches  long,  and  made  of  thin 
glass,  that  the  rise  and  &I1  of  tbe  mercury  may  be  better 
seen. 

'  For  the  whole  process  of  filLng,  marking,  and  graduating, 
see  Deluc's  Recberches  &c,  torn.  1,  pa.  393,  &c. 

To  choKge  iht  Ikgreti  iff  me  Thermometer  to  another. 
The  most  usual  ibermomelersemployedinEurope,  are, 
Fahrenheit's,  Reaumur's,  and  the  new  French  or  Cemi- ■ 
gmde.  Now  the  range  or  space  on  the  tube,  between 
tbe  points  of  freeaing  and  boiling  water,  in  the  first  is  di> 
vided  into  180  degrees,  iti  the  second  80,  and  in  the  last 
100,  which  three  numbers  are  in  tbe  proportion  of  tbe 
three  9,  4,  5 ;  by  means  of  which  small  proportional 
numbers,  therefore,  any  liuraber  of  degrees  of  one  of 
(hcsc  scales,  is  easily  changed  into  tbe  corresponding 
number  of  either  of  the  others ;  vis,  by  saying,  as  the 
proportional  number  of  the  latter,  is  to  thai  of  the  former, 
so  is  the  proposed  degrees  of  the  former,  to  those  on  tbe 
latter ;  observing,  however,  that  when  Fahrenheit's  is  one 
of  the  thermometers  compared,  which  begins  with  the 
freezing  point  at  32,  where  the  other  two  begin  siriib  0, 
then  ^e  d^rees  of  Fahrenheit  must  be  diminished  or  in- 
creased by  39,  as  the  Case  may  require. 

Also  the  same  may  be  done  by  the  following  simple 
theorems ;  in  which  n  denotes  the  degrees  iti  Reaumur's 
scale,  F  those  of  Fahreaheit's,  and  c  those  of  the  Centi- 
grade thermometer. 

I F  =  J  E   -*•  32  =  4  c   +  32. 

«..,.  ..R  =  *(P  -  32)=  ^C. 

3 c  =  i(F  -  32)=  in. 

Experimenti  with  Therhohetkks. 
The  followiag  is  a  table  of  some  observations  made 
with  Fahrenheit's  thermometer,  the  barometer  standing  at 
39  inches,  or  little  higher. 
At  600°  Mercury  boils. 

546  Oil  of  vitriol  boils. 

Z4S  Spirit  of  nitre  boils. 

240  lixivium  of  tartar  boils. 

913  Cow's  milk  boils. 

S12  Water  boils: 

204S  Human  urine  boils. 

190  Brandy  boils.' 

175  Alcohol  boils. 

156  Serum  of  blood  and  white  of  eggs  harden, 

146  Kills  animals  in  a  few  minutes. 

108  to  S9,  Hens  hatch  eggs, 

107  (Heat  of  skin  in  ducks,  geese,  hens,  pigeons, 

103  I     partridges,  and  swallows. 

lOG  Heat  of  skui  in  a  conmon  ague  and  fever. 
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103  J  Heat  of  skin  in  dogs,  cats,  sheep,  oxen.awine, 
100  \     and  most  other  quadrupeds. 

59  to  92,  Heat  of  th^  human  skin  in  health. 
97  Heat  of  a  swarm  sf  bees. 

96  A  perch  died  in  3  minutes  in  water  so  warm. 

60  Heat  of  air  in  tbe  shade,  in  very  hot  weather. 
74  Butter  begins  to  melt. 

64  Heat  of  air  in  tbe  shade,  in  warm  weather. 

55  Mean  temperature  of  air  in  England. 

43  Oil  of  olives  begins  to  stifen  and  grow  opake. 

32  /  W»te'  ju't  freezing,  or  snow  and  ice  just 
\  ■    melting. 

30  Milk  frecHS. 

S8  Urine  and  common  vinegar  freese. 

25  Blood  out  of  the  body  freeses. 

SO  Burgundy,  Claret,  and  Madeira  freeze. 

.     (Greatest  cold   in  Pennsylvania  in    1731-2, 

^    \      lat.  40°. 

4  Greatest  cold  at  Utrecht  in  1728-9. 

-    (A  mixture  of  snow  and  salt,  which  can  freeie 
\   oil  of  tartar  per  deliquiura,  but  not  brandy. 
—39  Mercury  freeaes. 

Marline's  Essays,  p^  2S4,  &c. 
On  the  general  subject  of  [hermometers  also  see  Mar- 
tine's  Essays,  Mt'dicyil  and  Pbiiosophical.  Desaguliers's 
Exp.  Phil.  vol.  3,  pa.  289-  Musschenbroeck's  Int.  ad 
Pbji.  Nat.  vol.  2,  pa.  625,  ed.  1762.  Deluc's  Recherc^s 
sur  les  Modif,  &c,  torn.  1,  part.  3,  ch.  3.  Nonet's  Le- 
pns  de  Physique,  torn.  4,  pa.  37*- 

TuERKOMETERs  for  particular  utet.—ln  1757,  lord 
Cavendish  presented  to  the  Royal  Society  an  account  of 
a  curious  construction  of  t be rmo meters,  of  two  different 
forms  i  one  contrived  to  show  the  greatest  degree  of  heat, 
and  the  other  the  greatest  cold,  that  may  happen  at  any 
time  in  a  person's  absence.  Philos.  Trans,  vol.  50,  pa. 
300. 

Since  the  publication  of  Air.  Canton's  diuovety  of  the 
compressibility  6f  spirits  of  wine  and  other  fluids,  there 
are  two  corrections  necessary  to  be  made  in  tbe  result 
given  by  lord  Cavendish's  thermometer.  For  in  estimating, 
for  instance,  the  temperature  of  the  sea  at  any  depth,  the 
thermometer  will  appear  to  have  been  colder  than  it 
really  was :  and  besides,  tbe  expansion  of  spirits  of  wine 
by  any  given  number  of  degrees  of  Fabiepheit's'therrao- 
meter,  is  greater  in  tbe  higher  degrees  than  in  the  lower. 
For  the  method  of  making  these  two  corrections  by  Mr. 
Cavendish,seePhipps'sVoyagcio  the  North  Pole,  pa.  145. 
Instruments  of  this  kind,  for  determining  ihe  degree  of 
heat  or  cold  in  tbe  absence  of  the  observer,  have  been  in- 
rented  and  described  by  others.  Van  Swinden  (Diss,  sur 
la  Comparaison  du  Therm,  pa.  353  &c)  describes  ona, 
which  he  says  was  the  first  of  the  kind,  made  on  a  plaa 
communicated  by  Bernoulli  to  Leibnitz.  Mr.  Kraft,  he 
also  informs  us,  made  one  nearly  like  it.  Mr.  Six  has, 
in  1782,  proposed  another  construction  of  a  thermometer 
of  Ihe  same  kind,  described  in  tbe  Philos.  Trans,  vol.  72, 
pa.  78  &c. 

M.  Dcluc  has  described  the  best  method  of  construct- 
ing a  iherrnbmeter,  fit  for  determining  the  temperature  of 
the  air,  in  the  measuring  ot  heights  by  the  barometer.  He 
has  abo  shown  how  to  divide  the  scale  of  a' thermometer, 
so  as  to  adapt  it  for  astronomical  purposes  in  the  observa- 
tion of  refractions.  See  Recherches  Sec,  tom.  3,  pa.  35 
and  265. 

Mr.  Cavallo,  in  17U,  proposed  Ihe  construction  of  ■ 
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Itirrmumctrical  Barometer,  which,  by  iikbhs  of  boiling 
(vaOr,  might  indicate  the  various  grnvity  of  the  almo- 
tphere,  or  the  height  of  the  barumoier.  This  tbermo- 
mettr,  he  observes,  with  its  apparaius,  migbt  be  packed 
up  into  a  small  portable  box,  and  serve  for  dctenninlng 
the  heights  of  mountaJDt  &c,  with  groati-r  bcilily,  than 
with  the  common  ponuble  barometer.  The  instrument, 
in  its  prtsent  state,  Coniists  of  a  cylindrical  lin  vessel, 
about  3  inches  in  diameter,  and  5  inches  lii^h,  in  ^hich 
vessel  the  water  is  contained,  which  may  be  made  to  ^il 
by  the  flame  of  a  large  wax-candle.  The  thermometer  is 
fastvned-to  the  tin  vessel  io  such  a  manner,  as  that  jt9 
bulb  may  be  about  an  inch  above  the  bottom.  The  scale 
of  ihin  ilKTmomcter,  which  is  of  brass,  exhibits  on  one 
stdu  of  liie  glass  tube  a  few  degrees  of  Fahrenheit's  scale, 
viz,  from  ■J00°  lo  2lfi°.  On  the  other  side  of  the  tube 
are  marked  the  various  baromrtrical  heights,  at  which  the 
boiling  water  shows  those  particular  degrees  of  hrat  which 
are  set  down  in  sir  Geo.  SI  i  nek  burgh's  table.  With  this 
mstrumenl  the  barometrical  height  is  shown  within  one- 
lOih  of  an  inch.  The  degrees  of  (his  thermomeief  are 
rather  longer  than  one  Qih  of  an  inch,  and  therefore  may 
be  divided  into  many  parts,  especially  by  a  Nonius.  But 
a  considerable  imperfection  arises  from  the  smallitess  of 
the  tin  vessel,  which  does  not  -admit  a  sufficient  quantity  of 
water;  but  when  the  quantity  of  water  ahall  be  suflicieDily 
lai^e,  as  for  instance  10  or  12  ounces,  and  is  kept  boiling 
in  a  proper  vessel,  iis  degree  of  heat  under  the  same  pri'S- 
si)re  of  the  stiuDsphere  is  very  settled;  whereas  when  a 
thermometer  is  kept  in  a  small  quantity  of  boiling  water, 
'  the  Inercury  in  il^  stem  does  not  stand  very  steady,  some- 
times rising  or  falling  so  much-  as  half  a  digree,  Mr. 
Cavallo  proposes  a  further  improvement  of  this  inatruinent. 
Hi  the  Philos.  Trans,  vol.  71,  pa.  52i. 

The  ingenious  Mr.  Wedgwood,  so  wHI  known  for  .his 
various  improvements  in  the  different  sons  of  pottery  ware, 
lias  coiHrived  to  make  a  tbennomj-ter  for  measuring  Ihc 
higher  liegveca  of  heat,  by  means  of  a  distinguishing  pro- 
jieriy  of  argill;\ceous  bodies,  vis,  the  diminution  of  ihiir 
bulk  by  lire.  This  diminution  commences  in  a  low  red 
heal,  and  procecdii  rrgulaily,  as  the  heat  increases,  till 
the  clay  becomes  vitriRcd.  The  total  conirnction  of  some 
good  clays  which  he  hits  examined  in  the  strongest  of  his 
own  fires,  is  considerably  more  than  one-fourth  part  in 
every  dimension.  By  measuring  the  contraction  of  such 
substances  then,  Mr.  Wedgwood  contrived  (o  measure  the 
most  intense  heats  of  ovens,  furnaces,  &c.  For  the  cu- 
rious particulars  of  which,  see  Philos.  Trans,  vol.  72,  pa. 
305  &c. 

In  17.90  a  paper  was  presented  to  the  Royal  Society  of 
Edinburgh,  describing  two  thcrmomeiera,  newly  invented, 
by  Dr.  John  Rutherford,  of  Middle  Balilish  ;  the  one  for 
rt^isiering  the  highest,  and  The  other  for  registering  the 
lowest  degree  of  heat,  to  which  the  thermometer  has  risen 
or  fallen  during  theabseuce  of  the  observer.  An  account 
of  them  m^y  be  found  in  the  third  volume  of  the  Trans- 
actions of  the  Society. 

A  new  self- registering  thermometer  has  more  lately 
been  invented  by  Mr.  Keith  of  Ravelstoiie,  which  we, 
consider  as  the  most  ingenious,  simple,  and  perfect,  of  any 
that  has  hitherto  appeared.  Its  simplicity  is  so  great 
ihat  it  requires  only  a  very  short  description  to  make  it 
intelligible. 

jtB  (fig.  5,  pi.  3$)  is  a  thin  gla^s  tube  about  14  inches 
long  and  jths  of  an  inch  calib«r,  dose  or  liermetically 
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sealed  a,i  tlie  top.  To  the  lower  end,  which  is  open,  ihere 
is  juiucd  (he  crooked  glass-iube  be,  7  inches  long/unl 
jfgihs  of  an  jnch  caliber,  and  open  at  top.  The  tube  ab 
is  filled  with  the  strongest  spirit  of  wine,  and  the  tube  ax 
wkh  mercury.  This  is  properly  a  spirit  of  wine  thermo- 
meter, and  tire  mercury  is  used  merely  to  support  a  piece 
of  ivory  or  glass,  to  which  is  affixed  a  wire  for  i-uising  one 
index  and  depresting  anothei,  acconling  as  rhe  meicury 
rises  or  falls,  i:  is  a  small  conical  pii'ce  of  ivory  or  glass, 
of  such  a  weight  as  lo  float  on  the  surface  of  the  mercury. 
To  the  float  is  joined  a  wire  calle*l  the  fioat-wire,  which  , 
reaches  lipwards  to  ii,  where  it  termimites  in  a  knee  bent 
at  right  angles.  The  tluat-wire,  by  means  of  an  eye  at  o, 
moves  easily  along  the  smalt  burpsichord  wire  gk.  l,  l 
are  two  inde.tes  made  of  thin  black  oiled  silk,  which  slide 
upwards  or  downwards  with  a  force  not  more  than  two 
grains.  The  one  placed  above  tbo  knee,  points  out  the 
greatest  rhe,  and  the' one  placed  below  ic-points  out  the 
greatest  fall  of  the  thermometer. 

When  the  instrument  is  to  be  prepared  for  an  ohserva- 
tiou,  both  indexes  are  to  be  brought  close  to  the  knee  ii. 
It -is  evident  that  when  the  mercury  rises,  the  float  and 
float-wire,  which  can  be  moved  with  the  smallest  force, 
will  be  pushed  upwards  till  the  mercury  becomes  sta-  , 
tionary.  As  the  knee  of  the  float-wire  moves  upwards, 
it  will  carry  along  with  it  the  upper  index  l.  When  the 
mercury  again  subsides,  it  leaves  the  index  at  the  highest 
point  to  which  it  was  raised,  for  it  will  not  descend  by  ita 
own  weight.  As  the  mercury  foils,  the  fleat-wire  does  the 
same  ;  it  therefore  brings  along  with  it  the  lower  index  1, 
arrd  continues  to  depress  it  till  it  again  become  stationary, 
or  ascend  io  the  tube;  in  which  case  it  leaves  the  lower 
index  behind  it  as  it  had  formerly  left  the  upper.  The 
scale  to  which  the  indexes  point  is  placed  parallel  to  the 
slender  harpsichord  wire,  it  may  be  seen  more  distinctly 
in  6g.'€.  That  the  scale  and  indexes  may  not  be  injured 
by  the  wind  and  rain,  a  cylindrical  glass  cover,  close  at 
top,  and  made  so  as  e.\actly  to  fit  the  part  fg,  is  placed 
over  it, 

Mr.  Leslie,  (he  author  of  the  very  ingenious  Treatise  on 
Heal,  has  invented  a  differential  thermuraeter  for  the 
measurement  of  minute  variations  of  lempcra.ture.  ll  con- 
sists of  two  tubes,  each  terminating  in  a  small  bulb  of  ihe 
same  dimensions,  joined  by  the  bluw-pipe,  and  bent  in 
the  form  of  a  it,  a  small  portion  of  dark  coloured  liquor 
having  previously  been  inlrouduced  into  one  of  the  bulbs\ 
After  many  (rials,  the  fluid  best  adapted  to  the  purpose 
was  fouiid  to  be  a  solution  of  carmine  in  concentrated 
sulphuric  acid.  By  managing  the  included  air  with  the 
heat  of  the  hand,  this  red  liquor  is  made  to  stand  at  the 
required  point  of  the  opposite  tube.  This  is  the  zero  of 
a  scale  fastened  to  that  tube,  and  divided  into  equal  pads 
above  and  below  that  point.  The  irstrument  is  then 
fixed  on  a  stand.  It  is  manifest,  that  when  the  liquor  is 
at  rest,  or  points  at  zero,  the  column  is  pressed  in  oppo- 
site directions  by  two  portions  of  air  equal  in  elaklici^, 
and  containing  equal  quantities  of  caloric.  Whatever 
heat  then  may  be  applied  to  the  whola  instrument,  pro- 
vided both  bulbs  receive  it  in  the  same  degree,  the  liquor 
must  remain  at  rest.  But  if  the  one  ball  receive  tbe 
slightest  excess  of  temperature,  the  air  which  it  contains 
will  he  proportionally  expanded,  and  will  push  the  liquor 
against  the  air  in  lire  other  full  with  a  force  varying  as  the 
difference  between  the  temperatures  ofthese  two  portions  of 
air:  thus  tbe  equilibrium  will,  be  destroyed,  and  the  fluid 


Digi-zecDyV^OUyit; 


TH  U 


[    SI3    ] 


TH  U 


will  riie  in  the  opposite  tube.  The  degrees  of  ibc  scale 
through  which  it  passes  will  mark  the  tucceasivc  augineii- 
talions  iti  the  icmpcrBture  of  the  ball  which  is  expotcd 
to  the  greslest  heat.  So  that  this  insirumeni  is  a  balance 
of  extreme  delicacy  for  comparing  the  temperature!  of  its 
two  scales. 

When  thermometen  are  contrived  to  measure  very  great 
degrees  of  beat  by  the  expansions   ibey  produce  in  sub- 
stances, or,  on  the  coniniry,  the  expansions  corresponding 
to  different temperatureSjthey  are  denominated  PyroitwJerj, 
,  See  the  descriptions  of  the  principal  of  these  under  their 
proper  article. — On  the  subject  of  ihennometers,  tee  also 
my  Philosophicfi]  Hecccations,  &c.  vol.  i,  pa.  43,  Stc, 
THERMOSCOPE,  the  same  as  Thermometer. 
THIR,  in  Chronology,  the  name  of  the  5lh  month  of 
tlie  Ethiopians,  which  corresponds,  according  to  Ludolf, 
to  the  month  of  January. 

THIRD,  in  Music,  a  concord  resulting  from  a  mixture 
of  two  sounds  containing  an  interval  of  3  degrees :  being 
called  a  third,  because  containing  3  terms,  or  sounds,  be- 
tween the  extremes. 

There  is  a  greater  and  a  less  third,  Tbc  former  takes 
its  form  from  the  scsquiquarta  ratio,  4  to  5.  The  loga- 
rithm or  measure  of  the  octave  4  being  1 '00000,  (he  mea- 
sure of  the  greater  third  J.  will  be  0-32193,— The  greater 
third  is  by  practitioners  often  taken  for  the  third  part  of 
an  octave;  which  is  an  error,  since  three  greater  thirds 
fall  short  of  the  octave  by  a  diesis;  for  i  x  J.  x  |^  x 

The  lesser  third  takes  its  form  from  the  sesquiquinta 
ratio  5  to  Q ;  the  m<-asure  or  logarithm  of  (his  lesser  third' 
£,  bcin;;- 0'2(J303,  that  of  the  octave  J  being  1  00000;— 
Both  these  thirds  lire  of  great  use  in  lucloHy  ;  malting  as 
it  were  ihe  foundation  and  life  of  harmony. 

Tiiiim-Poiw,  or  Tierct-point,  in  Architecture,  the 
point  of  section  in  the  vertex  tif  an  equiliiti'ml  triangle. — 
Arches  or  vaults  of  the  third  point,  are  those  consisting 
of  two  arches  of  a  circle,  meeting  in  an  angle  at  top. 

THKEE- legS"^Slnff,  an  instrument  consisting  of  three 
wooden  legs,  made  with  joints,  so  ns  lo  shut  up  together, 
and  lo  take  off  in  the  miilillc  for  liic  better  CHrriage.  It 
has  usually  a  ball  and  socket  on  the  top;  and  its  use  is  to 
support  and   adjust  instruments  for  astronomy,  survcy- 


tngi 


&c. 


THUNDER,  a  noise  in  the  bwer  region  of  ihe  air,  ex- 
cited by  a  sudden  explosion  of  electrical  clouds  ;  which 
arc  therefore  called  thunder-clouds. — The  phenomenon  of 
thunder  is  variously  accounted  for.  Seneca,  Ruhault, 
and  some  other  authors,  both  ancient  and  modern,  ac- 
count for  thunder,  by  supposing  two  clouds  impending 
over  each  other,  the  upper  and  rarer  of  which,  becoming 
condensed  by  a  fresh  accession  of  air  raised  by  warmth 
from  the  lower  parts  of  the  atmosphere,  or  driven  upon  it 
by  the  wind,  immediately  falls  forcibly  down  upon  the 
lower  and  denser  cloud  ;  by  which  fall,  the  air  interposed 
between  the  two  being  compieised,  that  next  the  e.strc- 
ntilies  of  the  two  clouds  is  forced  out,  and  leaves  room 
for  the  extremity  of  the  upper  cloud  to  cIomt  tight  upon 
the  under;  thus  a  great  quantity  of  the  air  is  enclosed, 
which  at  length  escaping  through  some  winding  irregular 
vent  or  passage,  occasions  the  miise  called  thunder. 

Dut  U>is  lame  device  could  only  reach  at  most  to  the 
case  of  thunder  beard  without  lightning ;  and  therefore 
recourse  has  been  had  10  other  modes  ofsolulion.  '1  bus, 
it  has  been  said  that  thunder  is  not  occasioited  by  ibe  fall- 
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ing  of  clouds,  but  by  tliti  kindling  of  sulphurous  exhaJ»-- 
lions,  in  the  suiiie  manner  as  the  noise  of  the  aurum  firi- 
minans.  "  There  are  sulphurous  exhalations,"  says  Ncw-i 
ton,  "always  ascending  into  the  air  when  the  earth  is  dry; 
there  they  ferment  with  the  nitrous  acids,  and,  soDietimes 
taking  lire,  generate  thunder,  lightning,  Sec" 

The  effects  of  thunder  are  so  like  those  of  fired  gunpow- 
der, that  Dr.  Walli^  thinks  we  need  not  scruple  to  ascribe 
them  to  the  same  cause;  and  the  principal  ingredients. in 
gunpowder,  we  know,  are  nitre  and  sulphur;  charcoal 
only  serving  to  keep  the  parts  separate,  for  their  better 
kindling.  Hence,  if  we  conceive  in  the  air  a  convenient 
mi.xturi!  of  nitrous  and  sulphurous  particles;  and  those, 
by  any  cause,  to  he  set  on  fire,  such  explosion  may  well 
follow,  and  with  such  noise  and  light  as  attend  the  firing 
of  gunpowder;  and  being  once  kindled,  it  will  run  from 
place  to  place,  different  ways,  as  the  exhalations  happen 
to  lead  it ;  much  as  is  found  in  a  train  of  gunpowder. 

But  a  third,  and  most  probable  opinion  is,  that  thunder 
is  the  report  or  noise  produced  by  an  electrical  explosion 
in  the  clouds.  Ever  since  the  year  1753,  in  which  the 
identity  of  the  matter  of  lightning  and  of  the  electrical 
fluid  has  been  ascertained,  philosophers  have  generally 
agreed  in  considering  thunder  as  a  concussion  produced 
in  the  air  by  an  explosion  of  clectricily.  For  the  illus- 
tration and  proof  of  this  theory,  see  Electricitt,  and 
Lightning. 

Jt  may  here  be  observed,  that  Mr.  Henry  Eeles,  in  a 
letter  written  in  1751,  and  read  before  the  Royal  Society 
in  1753,  considers  the  electrical  lire  as  the  cause  of  thun- 
der, and  accounts  fur  it  on  this  hypothesis  ;  and  he  tells 
us,  that  be. did  not  know  of  any  other  person's  having  made 
the  same  conjecture.  Philoa.  Trans.  vol.47,-p.  524  Ac. 
— That  rattling  in  the  noise  of  thunder,  which  makesi  it 
seem  as  if  it  passed  through  arches,  or  were  variously 
broken,  is  probably  owing  to  the  sound  being  excite^ 
'among  clouds  hanging  over  one  another,  and  the  agitated 
air  passing  irregularly  between  them. — The  explosion,  if 
high  in  the  air,  and  remote  Crom  us,  will  do  no  mischief; 
but  when  near,  it  may  destroy  trees,  animals,  Stc. 

This  proximity,  or  small  distance,  may  be  estimated 
nearly  by  the  interval  of  time  between  seeing  the  flash  of. 
lightning  and  bearing  the  report  of  the  thunder,  estima- 
ting the  distance  after  the  rate  of  1 142  feet  per  second  of 
lime,  or  3|  seconds  to  the  mile.  Dr.  Wallis  observes,  that 
commonly  the  difference  between  the  two  is  abput  7  se- 
conds, which,  at'thc  rale  above  mentioned,  gives  thcdis- 
tance  almost  '2  miles.  But  sometimes  it  coinesin  a  second 
or  two,  u'liicb  argues  the  explosion  very  near  us,  and  even 
among  us.  And  in  such  cases,  the  doctor  assures  us,  he 
has  sometimes  foretold  the  mischiefs  that  followed. 

The  noise  of  thwider,  and  the  flame  of  lightning,  are 
easily  made  Iiy  art.  If  a  mixture  of  oil  or  spirit  of  vitriol 
be  made  with  water,  and  some  filings  of  steel  added  to  it, 
there  will  immediately  arise  a  thick  smoke,  or  vapour,  out 
of  the  mouth  of  the  vessel ;  and  if  a  lighted  candle  be  ep- 
plied  to  this,  it  will  take  fire,  and  the  llame  will  irarac- 
iiiaiely  d^cend  into  the  vessel,  which  will  be  burst  to  pieces 
with  a  noise  like  that  of  a  cunnon.  This  is  so  far  analogous 
to  thunder  and  lightning,  that  a  great  explosion  and  fire 
are  occasioned  by  it;  but  in  this  they  differ,  that  this 
matter  when  once  fired  is  destroyed,  and  can  give  no  more 
explosions  i  whereas,  in  the  heavens,  one  clap  of  thunder 
usually  follows  another,  and  there  is  a  continued  succes- 
sion of  them  for  a  long  time.  Mr.  Homberg  explained  this 
3U 
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by  the  lightnns  of  ibeair  nbove  ua,  in  compariion  of  that  very  uncertain  directioiis  under  it.  While  these  clouds 
near,  which  iherpfore  would  not  sulTrr  all  the  metter  so  are  a^tittcd  with  the  most  rapid  rooliom,  the  rain  com- 
kindled  to  be  diwi[>aled  at  once,  but  kcpps  it  for  several     roonly  falls  in  the  greatest  plenty,  and  if  the  agitatron  be 


mums. 

THUNDERBOLT.  When  lightning  acts  with  extra- 
ordinary violence,  and  breaks  or  sfaatipra  any  thing,  it  is 
called  a  thunderbolt,  which  the  vulgar,  to  fit  it  for  such 
effucis,  suppose  to  be  a  bard  body,  and  oven  a  stone.—: 
But  that  »«  net-d  not  havt:  recourse  to  a  hard  solid  body 
to  account  for  the  effects  commonly  attributed  to  the  thun< 
derbolt,  will  be  evident  to  any  one,  who  considers  those 
of  the  puNhi  fulminuiis,  and  of  gunpowder;  but  more 
especially  the  astonishing  powers  of  electricity,  when  only 
collected  and  employed  by  hi 
when  directed  and  exercised 


.ceedingly  great,  it  commonly  baits. 

While  the  thunder-cloud  is  swelling,  and  extending  it» 

branches  over  a  large  tract  of  country,  the  lightning  is 

seen  to  dart  fron)  one  part  of  it  to  anolfaer,  and  often  to 

illuminate  its  whole  mass.     When  the  cloud  has  acquired 

a  sufficient  extent,  the  lightning  strikfs  between  the  cloud 

and  the  earth,  in  two  opposite  places,  the  path  of  the 

lightning  lying  through  the  whole  body  of  the  tJoud  and 

its  branches.     The  longer  this  lightning  continues,  the 

less  dense  doea  the  cloud  become,  and  the  less  dark  Ks  ape 

more     pearances ;  till  at  length  it  breaks  in  different  places,  and 

the  course  of  nature. —     shows  a  clear  sky. 


isider  the  known  etfects  of  electrical  enplo-  These  thunder-clouds  were  sometimes  in  apositive 

lions,  and  those  produced  by  lightning,  we  shall  be  at  no  well  as  a  negative  state  of  electricity.    The  electricity 

loss  to  account  for  the  extraordinary  operations  vulgarly  continued  longer  of  the  SRme  kind,  in  proportion  as  the 

ascribed  to  thunderbolts.     As  sitMeS  and  bricks  (truck  by  thunder-cloud  was  simple,  and  uniform  in. its  direction  ; 

lightning  are  often  found  in  a  vitrified   state,  we  may  but  when  the  lightning  changed  its  place,  there  commonly 

reasonably  suppose,  with  Beccaria,  that  some  stones  in  the  happened  a  change  in  the  electricity  of  the  apparatus  over 

earth,  haying  been  struck  in  this  manner,  gave  occasion  which  the  clouds  pnswd.    It  would  change  suddenly  after 

to  the  vulgar  opinion  of  the  thunderbolt.  a  very  violeiit  flash* of  lightning,  but  the  change  would  be 

THUNDEa-C/otitb,inPhysiology,arethoseclout!3  which  gradual  when  the  lightning  was  moderate,  and  the  pro- 

a  state  hi  for  producing  liijhtning  and  thnnder. —  gress  of  the  tbunder-cloud  slow.     Deccar.  Lettere  dcU' 


From  Beccaria's  exact  and  circumstantial  accouhi  of  the 
external  appenrances  of  thunder-clouds,  the  following  par- 
ticulars are  extracted.  The  first  appearance  of  a  thunder 
storm,  which  usually  happens  when  there  is  little  c 
wind,  is  one  dense  clouii,  or  more,  increasing  very  f 
sise,  and  rbing  into  the  higher  regions  of  the  air.  The 
lower  surface  is  black  and  nearly  level;  but  the  upper 
finely  arched,  and  well  defined.  Many  of  iliese  clouds 
often  seem  piled  upon  one  another,  all  arched  in  the  same 
manner;  but  they  arc  cnntiually  uniting,  swelling,  and  ex- 
tending their  archi 


Elettricismo  pa,  107  ;    or  Priestley's  Hist  Etec.  vol.  1, 
pa.  397.     See  also  Liohtking. 

Thukdeh-Houk,  in  Electricity,  is  an  instrument  in- 

no     vented  by  Dr.  James  Lind,  for  illustrating  the  manner  in 

in     which  buildings  receive  damage  from  lightning,  and  to 

evince  the  utility  of  metallic  conductors  in  preserving 

them  from  it. 

A  (Rg.  1,  pi-  40),  is  a  board  about  |  of  an  inch  thick, 

and  shaped  like  the  gable  end  of  a  house.    This  board  is 

fixed  perpendicularly  on  the  bottom  hoard  a,  upon  which 

perpendicular  glass  pillar  cd  is  also  fixed  in  a  hole 


At  the  time  of  the  rising  of  this  cloud,  the  atmosphere     about  8  inches  distant  from  the  basis  of  the  board  a. 
is  commonly  full  of  a  great  many  separate  clouds,  that  are     square  hole  ilmk,  about  a  quarter  of  an  inch  deep,  and 


itiunleas,  and  of  whimticail  shapes.  All  these, 
appearance  of  the  thumler-cloud,  draw  towards  it,  and 
bt^ome  more  uniform  in  their  shapes  as  they  approach  ; 
till,  coming  very  near  the  thunder-cloud,  iheir  limbs  mu- 
tually stretch  towards  each  olher,  and  they  immediately 
coalesce  into  one  uniform  mass.  These  he  calls  adscilitions 
clouds,  from  their  coming  in,  to  enlarge  the  size  of  the 
thunder-cloud.  Bat  sometimes  the  ihunder-cloud  will 
swell,  and  increase  very  fast,  without  the  conjunction  of 
any  adscititious  clouds;  the  vapours  in  the  atmosphere 
forming  themselves  into  clouds  wherever  it  passes.  Some 
of  the  adscititious  clouds  appear  like  white  fringes,  at  the 
skirU  of  the  thunder-cloud,  or  under  the  body  of  it,  but 
they  keep  continually  getting  darker  and  darker,  as  they 
approach  to  unite  with  it. 

When  the  ihunder-cloudrsgrown  to  a  great  size,  its  lower 
surface  is  often  ragged,  particular  parts  being  detached 
towards  the  earth,  but  still  connected  with  the  rest.  Some- 
times the  lower  surface  swells  into  various  large  protube-  wood 
rancca  bending  uniformly  downward  ;  and  sometimes  one  or  ih 
whole  side  of  the  cloud  will  have  an  inclination  to  the 
earth,  and  the  extremity  of  it  nearly  touch  the  ground. 
When  the  eye  is  under  the  thunder-cloud,  after  it  is  grown 
larger  and  well  fottned,  it  is  seen  to  sink  lower,  and  to 
darken  prodigiously ;  at  the  same  lime  that  a  number  of 

■all  adscititious  clouds  (the  origin  of  which  can  neverbe 


'ly  one  inch  wide,  is  made  in  the  board  a,  and  is  filled 
with  a  square  piece  of  wood,  nearly  of  the  same  dimen- 
sions. ,It  is  nearly  of  the  same  dimensions,  becaitse  it 
must  go  so  easily  into  the  hole,  that  it  may  drop  off,  by 
the  least  shaking  of  ihe  iuBiromeiit.  A  wire  tK  is  fastened 
cHegnnally  to  this  square  piece  of  wood.  Another  wire 
lU  of  the  seme  thicknesa,  having  a  brass  ball  h,  screwed 
on  its  pointed  extremity,  is  fastened  upon  the  board  a;  so 
also  is  the  wire  mn,  which  is  sh^ted  in  a  ring  at  o.  From 
the  upper  extremity  of  the  glass  pillar  CD,  a  crooke'd  wire 
proceeds,  having  a  spring  socket  r,  through  which  a 
double  knobbed  wire  slips  perpendicularly,  the  lower  knob 
c  of  which  falls  juit  above  the  knob  ii.  The  glass  pillar 
nc  must  not  be  made  very  fast^into  the  bottom  board ;  but 
it  must  be  fixed  so  that  it  may  be  pretty  easily  moved 
round  its  own  axis,  by  whicn 'means  the  brass  ball  o  may 
be  brought  nearer  to  or  farttier  trom  the  ball  h,  without 
touching  the  part  efc.  Now  when  the  square  piece  of 
MiK  (which  may  represent  the  shutter  of  a  window 
like)  is  fixed  into  the  hole  so  that  the  wire  lk 
stands  in  the  dotted  representation  iv,  tben  the  metallic 
communication  from  h  to  o  is  complete,  and  the  instru- 
ment represents  a  house  furnished  with  a  proper  me- 
tallic conductor;  but  if  the  square  piece  of  woffd  luik 
be  fixed  so  that  the  wire  lk  stands  in  the  direction 
represented  in  the  figure,  then  the  metallic  con- 


perceived)  are  seen  in  a  rapid  motion,  driving  about  in    ductor  no,  from  the  lop  of  the  bouae  to  its  bottom,  ii 
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iaterropted  at  m,  in  which  case  th«  home  is  not  properly 
secured. 

Fix  the  piece  of  wood  lvik,  to  that  its  wire  tn^y  be  at 
represented  in  the  figure,  in  which  case  the  metallic  con- 
ducturao  is  discontinued.  Let  the  balls  be  fixed  at  about 
half  an  inch  perpendicular  distance  from  the  ball  h  ;  then, 
by  turning  iheglass  pilUr  DC,  remove  the  former  ball  from 
the  latter;  by  a  wire  or  cbain  connect  the  wire  ep  with 
the  wire  q  of  the  jar  p;  and  let  another  wire  or  chain, 
fastened  to  the  hook  o,  touch  the  outside  coaling  of  the 
jar.  Connect  the  wire  q  with  the  prime  conductor,  and 
charge  the  Jar ;  then,  by  turning  the  glass  pillar  dc,  let 
the  ball  o  come  gradually  near  the  ball  h,  |iid'  when  they 
»re  arrived  suRiciently  near  together,  you  will  observe, 
that  thejarexplodes,anil  the  piece  of  wood  lmix  is  pushed 
.  out  of  the  hole  to  «  considerable  distance  from  the  thun- 
der-house; 

Now  the  ball  a,  in  this  experiment,  represents  an  elec- 
trified cloud,  which,  when  it  is  arrived  sufficiently  near  the 
top  of  the  house  a,  the  electricity  strikes  it ;  and  as  this 
house  is  not  secured  with  a  proper  conductor,  the  explo- 
sion breaks  part  of  it,  t;e.  knocks  off  the  piece, of  wood  iit. 

Hepeat  the  experiment  with  only  this  variation,  vis,  that 
this  piece  of  wood  IM  be  situated  so  that  the  wire  lk  may 
stand  in  the  situation  m ;  in  which  case  the  conductor 
no  is  not  discontinued  ;  and  you  will  observe  that  the  ex- 
plosion will  have  no  efft^ct  onthe  piece  of  wood  lh  ;  this 
remaining  in  the  hole  unmoved  ;  which  shows  the  useful- 
ness of  the.  metallic  conductor. 

Farther,  unscrew  the  brass  ball  h  from  the  wire  ui,  so 
that  this  may  remain  pointed,  and  with  this  difference  only 
in  the  apparatus  rnieat  both  the  above  experiments,  and 
you  will  find  that  Uie- piece  of  wood  iis  is  in  neither  case 
moved  fram  its  place,  nor  will  any  explosion  be  heard  ; 
which  not  only  demonstrates  the  preferenceof  conductors 
with  pointed  terminations  to  those  with  blunted  ones,  but 
also  shows  that  a  house,  furnished  with  sharp  terminations, 
though  not  furnished  with  a  regular  conductor,  is  almost 
ttulEcienlly  guarded  against  the  e^cts  of  lightning. 

Mr.  Henley,  having  connected  a  jar  containing  509 
square  inches  of  coated  surface  with  his  prime  conductor, 
observed  that  if  it  was  so  charged  as  to  raise  the  index  of 
iiis  electrometer  to  60",  by  bringing  the  ball  on  the  wire  of 
the  lh  under- ho  use,  to  the  distance  of  half  an  inch  fr^ 
that  connected  with  the  prime  conductor,  the  jar  would  be 
discharged,  and  the  piece  in  the  thunder-house  thrown  out 
to  a  considerable  distance.  Using  a  pointed  wire  for  a 
conductor  to  the  thunder-house,  instead  of  the  knob,  the 
charge  being  the  same  as  before,  the  jar  was  discharged 
silently,  though  suddenly ;  and  the  piece  was  not  thrown 
out  of  the  thunder-house.  In  another  experiment,  having 
made  a  double  circuit  to  the  thunder- house,  the  first  by 
the  knob,  the  second  by  a  sharp-pointed  wire,  at  en  inch 
and  a  quarter  distance  from  each  other,  but  of  exactly  the 
same  height  (as  in  fig.  S)  the  charge  being  the  same ; 
though  the  knob  was  brought  first  under  th^t  connected 
with  the  prime  conductor,  which  was  raised  half  an  inch 
above  it,  and  followed  by  the  point,  yet  no  explosion  could 
£sll  upon  the  knob  ;  [he  point  drew  off  the  whole  charge 
silently,  and  the  piece  in  the  thuadei^ house  remained  un- 
moved.— Pbilos.  Trans,  vol.  6i,  pa.  136.  See  Poifts  in 
Electricity. 

THURSDAY,  the  5th  day  of  the  Christians'  week,  but 
the  6ih  of  the  Jews.'  The  n^me  is  from  Thor,  one  of  the 
'   Saxon  godt. 
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THUS,  in  Sea-Language,  a  word  used  by  the  pilot  in 
directing  the  helmsman  or  steersman  to  keep  the  ship  tn 
her  present  situation  when  sailing  with  a  scant  wind,  so 
that  the  may  not  approach  too  near  the  direction  of  the 
wind,  which  would  shiver  her  sails,  nor  fall  to  leeward, 
and  run  farther  out  of  her  course. 

TIDES,  two  periodical  motions  of  the  waters  of  the 
■ea ;  called  also  the  flux  and  reflux,  or  the  flow  and  ebb. 

The  tides  are  found  to  follow  periodically  the  course  of 
the  sun  and  moon,  both  as  to  time  and  quantity.  And 
hence  it  has  tieen  suspected,  in  all  ages,  that  the  tides  were 
somehow  produced  by  the  influence  of  these  luminaries. 
Thus,  several  of  the  ancients,  and  among  others,  Pliny, 
Ptolemy,  and  Macrobius,  were  acquainted  with  the  influ- 
ence of  the  sun  and  moon  on  the  tides  ;  and  Pliny  says  ex- 
pressly, that  the  cause  of  the  ebb  and  flow  is  ia  the  sun, 
which  attracts  the  waters  of  the  ocean  ;  and  adds,  that  the 
waters  rise  in  proportion  to  the  proximity  of  the  moon  to 
the  earth.  It  is  indeed  now  well  known,  from  the  disco- 
veries of  Newton,  that  the  tides  are  caused  by  the  gravita- 
tion of  the  earth  towards  the  sun  and  moon,  indeed  the 
sagacious  Kepler,  long  ago,  conjectured  this  to  be  the 
cause  of  the  tides :  "  If,"  says  he,  "  the  earth  ceased 
to  attract  its  waters  towards  itself,  all  the  water  in  the 
ocean  would  rise  and  flow  into  the  moon  ;  the  sphere  of  the 
moon's  attraction  extends  to  our  earth, .and  draws  up  the 
water."  Thus  thought  Kepler,  in  bis  Introd.  ad.  Theor. 
Mart.  This  surmise,  for  it  was  then  no  more,  is  now 
abundantly  verified  in  the  theory  laid  down  by  Newton, 
and  by  Halley,  as  well  as  other  eminent  mathematicians, 
from  his  principles. 

M  to  tkt  PhemtmeTia  i^  the  Tiot.i:  1.  The  sea  is  observ- 
ed to  flow,  for  about  6  hours,  from  south  towards  north  ; 
the  sea  gradually  swelling  ;  so  that,  entering  che  mouths  of 
rivers,  it  drives  back  the  rlvcr-waters  towards  their  heads, 
or  spriitgs.  AlVer  a  continual  flux  of  .6  hours,  the  sea  ap- 
pcmw  to  rest  for  about  a  quarter  .of  an  hour ;  alter  which 
it  begins  to  ebb,  or  retire  backagain,  from  nprib  to  south, 
for  o  hours  mora  ;  in  which  time,  the  waters  sinking,  the 
rivers  resume  their  naturd  cour%.  Then,  after  another 
seeming  pause  of  a  quarter  of  an  hour,  the  sea  again  be- 
gins to  flow,  as  before )  and  so  on  altemaCely. 

3.  Hence,  the  sea  ebbs  and  flows  twice  a  day,  but  fall- 
ing every  day  gradually  later  and  later,  by  about  4S  mi- 
nutes, the  period  of  a  flux  and  reflux  being  on  an  average 
about  12  hours  S4  minutes,  and  ,lhe  double  of  eacb  34 
houn  and  48  minutes  ;  which  is  the  period  of  a  lunar  day, 
or  the  time  between  the  moon's  passing  a  meridini)  aiid 
coming  to  it  again.  So  that  the  iba  iows  as  often  as  the 
moon  passes  the  meridian,  both  die  arch  above  the  boriion, 
and  that  below  it ;  and  ebbs  as  often  as  she  passes  the  ho- 
rison,  both  on  the  eastern  and  western  side. 

Other  phenomena  of  the  tides  arc  as  below ;  and  the 
reasons  of  them  will  be  noticed  in  the  theory  of  the  tides 
that  follows. 

3.  The  elevation  towards  the  moon  a  little  exceeds  the 
opposite  one.  And  the  quantity  of  the  ascent  of  the  wa- 
ter is  diminished  from  the  equator  towards  the  poles. 
'  4.  From  (he  sun,  every  natural  daf,'  the  sea  is  twic« 
elevated,  and  twice  depressed,  the  same  as  for  the  moon. 
But  the  solar  times  are  tiiuch  less  than  the  lunar  ones, on 
account  of  the  immense  distance  of  the  sun  ;  yet  th^  arc 
both  subject  to  the  same  lews. 

5.  The  tides  which  depend  on  ^e  actions  of  the  snn 
and  moon,  are  not  distinguished,  but  compoanded,  and  so 
SU2 
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Ibrming  u  to  "wnw  one  wnittd  tiUf,  increiiMiig  aiid  de-  tation  toMSTcls  the  moou,  as  the  acting  power  above  m«ii- 

croHbing,  HDd  Ihui  iDHkiiiji  neap  and  spring  tides :  (or,  by  lioneil ;  thin  the  earth  would  full  or  move  straight  to- 

(bc  aciiun  of  the  sun,  ibc  lunar  tide  is  oitly  changed ;  wards  the  moon,  but  stilt  retaining  its  true  spherical  fi-  - 

which  change  varies  eviry  day,  by  reason  of  the  inequality  gure. 

between  the  natural  and  lunar  day.  Hut  the  fact  is,  that  the  effects  of  the  moon's  action,  as 

0.  In  the  syzygies  the  elevatiuQR  from  ihe  action  of  both  well  as  the  action  itseil",  on  difti-rcnt  parts  of  the  earth, «rc   ■ 

luminaries  concur,  and  the  sea  is  marc  eli^Viiled.     BuEthe  nute<4Ual:  those  pacts,  by  ibe  general  Inw  of  gravity, 

sea  ascends  less  in  ihc  quadratures ;  for  where  the  water  being  most  attracted  that  are  nearest  the  moon,  and  those 

is  elevated  by  the  action   of  the  moon,  it  is  depressed  by  being  least  attracted   that  aie  farthest  Ifoni  her,  while  the 

(he  action  of  the  sun  ;  and  vice  versii.     Therefore,  while  parts  that  are  at  a  middle  distance  are  atirucled  by  ameaii 

the  moon  passes  from  the  syzygy  tu  the  quadrature,  the  degree  of  furce  :  besides,  all  the  parts  are  nut  acted  on 

daily  elevations  are  continually  diminiiihed  :  un  the  con-  ip  parallel  lines,  but  in  lines  directed  towards  the  cen- 

trary,  they  are  increased  \vhile  the  moon  moves  from  the  tre  of  the  moon  ;   on  both  which  accounts  the  spherical 

e  of  the  fluid  earth  must  suSer  suiau  change  from  ihc 


quadrature  to  the  syay^y.  At  a  new  moon  also,  caterii 
paribui,  the  elevations  are  greater  -,  and  those  that  lollow 
one  another  the  same  day,  are  mote  different  than  at  full 
mooD. 

7.  The  greatest  elevations  and  depressions  are  not  ob- 
served till  the  2d  or  3d  day  after  the  new  or  full  moon. 
And  if  we  considerthe  luminaries  receding  from  the  plane 
of  the  equator,  we  sbalTperccivc  that  the  agitation  is  di- 
minished,  and  becomes  less,  according  as  the  declination 
of  the  luminaries  h.comes  greater. 

S.  In  the  syzygies,  and  near  theequi 
observed  to  he  the  greatest,  both  li 
near  the  equator. 

9.  The  actions  of-  the  sun  and  moon  are  greater,  the 
nearer  those  bodies  are  to  the  earth  ;  and  the  less,  as  they 
are  farther  off.  Also  the  greatest  tides  happen  near  the 
equinoxes,  or  rather  when  the  sun  is  a  little  to  the  south 
of  the  equator,  that  is,  a  little  before  the  vernal,  and  after 
.utumnalequinoit.     But  yef  this  does  not  happen  re- 


gufarly  every  year,  becai 


So  tbal,  in  filling,  as  above,  the 
nearer  parts,  being  most  attructed,  would  full  quicke^it ; 
the  furiher  facts,  being  Kiist  iiKraited,  tvtfuld  full  slowest ; 
and  the  Huid  mass  would  be  lengthened  out,  and  lake  a 
kind  of  spheroidical  form. 

Hence  it  appears,  and  what  must  be  carefully  observed, 
that  it  is  not  the  aciionof  the  moon  itself,  hut  ihcinequa* 
lilies  in  that  action,  that  cause  any  variation  from  the 
spherical  figuic;  and  that,  if  this  action  were  the  same  in 
"  '  iriicies  ns  in  the  central  parts,  and  operating  in 
direction,  no  such  change  would  ensue. 
3  now  admit  the  parts  of  the  earth  to  gravitate  lo- 
:s  centre,  then,  as  this  gravitation  far  exceeds  the 
action  of  the  moon,  and  much  more  exceeds  the  diSer- 
encesofher  actions  on  different  parts  of  the  earth,  the 
effect  that  results  from  the  inequalities  of  these  actions  of 
the  moon,  will  be  only  asmalldiininution  of  the  gravity  of 
parts  of  the  earth  which  it  endeavoured  in  the  for- 


i,  tlie  tides  are     all  the  panicles 
being  in  or     the  sam 
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n  may  arise  from     tner  supposition  to  separate  from  its  ci 


:  that 


n  of  the  moon's  orbit,  and  the  distance  of  tbi 
synygy  from  the  equiuox. 

10.  All  these  phenomena  obtain,  as  described,  in  the 
open  sea,  where  the  oc«an  is  extended  enough  to  be  sub- 
ject to  these  motions.  But  lUe  particular  situations  of 
places,  as  to  shores,  capes,  straits,  &c,  disturb  these  gene- 
ral rules.  Yet  it-is  plain,  from  the,  most  comroon  and 
universal  observations,  that  the  tides  follow  the  laws  above 
laid  down. 

JI.  The  mean  force  of  the  moon  to  move  the  sea,  is  to 
that  of  the  sun,  nearly  as  4i  to  1.  And  therefore,  if  the 
action  of  the  sun  alone  produce  a  tide  of  2  feet,  which  it 
has  been  stated  to  do,  that  of  the  moon  will  be  9  feet ; 
from  which  it  follows,  that  the  spring  tides  will  be  11  feet, 

and  the  neap  tides  7  feet  high.     But  as  to  such  elevations     and  the  figure  of  the  earth 
as  far  exceed  these,  they  happen  from  the  motion  of  the     freely  toward  the  moon ;  that 


'hich  are  nearest  to  the  moon,  and  those 
that  are  farthest  from  her,  will  have  their  gravity  toward 
the  earth  somewhat  abated,  to  say  nothing  of  the  lateral 
parte.  So  that  supposing  the  earth  fluid,  the  columns 
from  the  centre  to  the  nearest,  and  to  the  farthest  parts, 
must  rise,  till  by  their  greater  height  tlicy  be  able  to  ba- 
lance the  other  columns,  whose  gravity  is  less  altered  by 
the  iiiequalilies  of  the  moon's  action.  And  thus  the  figure 
of  the  earth  must  still  he  an  oblong  spheroid. 

Considering  now  the  earth,  instead  of  falling  toward  the 
moon  by  its  gravity,  as  projected  in  any  direction,  so  as 
to  move  round  the  centre  of  gravity  uf  the  earth  and 
moon  :  it  is  evident  that  in  this  case,  ibc  several  parls  of- 
the  fluid  earth  will  still  preserve  their  relative  positions  ; 

racasifitfcll 

the  earth  will  still  assume 


waters  against  some  obstacles,  and  from  the  sea  violently  a  spheroidal  form,  having  its  longest  diameter  directed  to- 
entering  into  straits  or  gulpbs  where  the  force  is  not  broken  ward  the  moon. 

till  the  water  rises  higher.  From  the  above  reasoning  it  appears,  that  the  parts  of 

Theory  qf  Ike  TtDZS.  the    earth    directly 

1.  If  the  earth  were  entirely  fluid,  and  quiescent,  it  is  under  the  moon,  as 

evident  that  its  particles,  by  their  mutual  gravity  towards  at  if,  and  also  the 

each  other,  would  form  the  whole  mass  into  the  figure  of  opposite  parts  at  D, 

■n  exact  sphere.     Then  suppose  some  power  to  act  on  all  will  have  the  flood 

the  particles  of  this  sphere  with  an  etjual  force,  and  in  pa-  or  high  water  at  the 

rallel  directions ;  by  such  a  power  the  whole  mass  will  be  same   time  ;    while 

moved  together,  but  its  figure  will  saBer  no  alteration  by  the  parts,  at  b  and 

it,  being  still  the  same  perfect  sphere,  ^hose  centre  will  x,  at  90°  distance, 

have  the  same  motion  as  each  particle.  or  where  the  moon 

On  this  supposition,  if  the  motion  of  the  earth,  round  appears  in  the  hori- 

tbe  common  centre  of  gravity  of  the  earth  and  moon,  wqrc  son,   will  have  the 

destroyed,  and  the  earth  left  to  the  influence  of  its  gravi-  ebbs  or  lowest  wa- 


,  Google 


ters  at  that  time.  Hence, 
na'is  from  tbc  luoon  tu  the  t 
48  minutes,  thU  uval  < 


till  be  two  tides  of  flood  and  two-  of  ebb  in 
that  lime. 

But  it  is  farther  evident  that,  by  the  rootioH  of  tlic  earth 
about  lier  n\h,  the  most  elevated  part  of  the  water  is  car- 
ried beyond  the  moon  in  the  direction  of  the  rotution.  So 
that  the  waU'i'.  continues  to  rise  after  it  has  passed  di- 


I  the  earth  turns  round  Its  earth,  and  therefore  unite  their  forces ;  cotiBequenlly,  id 
me  body  again  in  24  hours  the  syzygies,  or  at  new  and  full  moon,  (be  tides  are  the 
t  shift  with  it;  and     greatest,  being  what  are  called   the  Spring-Tides.     But 


the  HCtioQ  of  the  sun  diminishes  the  cfTect  of  the  moon't 
action  in  the  quarters,  because  the  one  raises  the  water 
in  ibat  case  where  the  other  depresses  it;  therefore  the 
tides  arc  the  lea^t  in  the  quadratures,  and  are  called  Neap- 

'  Newton  has  calculated  the  efTects  of  the  sun  and  moon 


rectly  undrr  the  moon,  though  the  immediutc  action  of  respeciivdy  on  the  tides,  from  their  attractive  powers, 

the  moon  there  b^ins  to  decreaso,  and  comes  not  to  its  The  former  he  linds  to  be  to  the  force  of  gravity, 

greatest    elevation   till   it   has   got   about  half  a   quad-  ■""'^  ,  .     .1  -^      .  , 

rnnt  fnrther.     Ii  continue!  also  to  descend  uTter  it  has 


passed  at  QO"  distance  from  the 

n  like  distance  of  about  half  a  quadrant.     The  greatest 

'  elevation  therefore  is  not  in  the  line  drawn  thiough  the 

CPntrei  of  the  earth  and  moon,  nor  the  lowest  points 


1286S200,  and  to  the  centrifugal  force  at"the  equator  a: 
1  to  44527-  The  elevation  of  the  waten  by  this  force  is 
considered  by  Newton  as  an  effect  similar  to  the  elevation 
of  the  equatorial  parts  above  the  polar  parts  of  the  etirth,  ' 
arising  from  the  ci'ntrifugal  force  at  the  equaior ;  antf  as 
it  is  44537  times  k'ss,  be  finds  it  to  be  24^  inches,  or  2 


where  the  nio«;n  appears  in  the  horison,  but  all  these  feet  and  {  a 
about  half  a  quadrant  removed  oastwardfrom  these  points.  To  find  the  force  of  the  moon  on  the  water,  Newton 
in  the  directioD  of  the  motion  of  rotation.  Thus  in  open  compares  the  spring-tides  at  the  mouth  of  the  river  Avon, 
seas,  where  the  water  flows  freely,  the  moon  u  is  generally  below  Bristol,  with  the  neap-tides  there,  and  finds  the  pro- 
past  [he  north  and  south  meridian,  ns  atp,  when  the  high  portion  as  9  to  5 ;  whence,  after  several  necessary  car- 
water  is  at  z  and  at  n  :  >lie  reason  of  which  is  plain,  be-  -  rections,  he  concludes  that  the  force  of  the  rooon  to  that 
cause  the  moon  acts  with  the  same  force  afrer  she  has  of  the  sun,  in  raising  the  waters  of  the  ocean,  is  as  4'4615 
passed  the  meridian,  atid  thus  adds  to  the  libratory  or  to  1  :  so  that  the  force  of  the  moon  is  able  of  itself  to 
waving  motion,  which  the  water  acquired  when  she  was  produce  an  elevation  of  1)  feet  I^  inch,  and  the  sun  and 

together  may  produce  an  elevation  of  about  1 1  feel 


eridian  ;  and  therefore  the  time  of  hi_ 
not  precisely  at  lim  time  of  her  coming  to  the  meridian, 
but  some  time  after,  &c. 

Besides,  the  tides  answer  not  always  to  the  same  di- 
stance of  the  moon,  from  the  meridian,  at  the  same  places; 
but  are  variously  aftected  by  the  action  of  the  sun,  which 
brings  them  on  sooner  when  the  moon  is  in  her  first  and 
third  quarters,  and  keeps  them  back  later  when  she  is  in 
her  2d  and  4th ;  because,  iu  the  former  case  the  tide 
raised  by  tbe  sun  alone  would  be  earlier  than  the  tide 
raised  by  the  moon,  and  in  the  latter  case  later. 

2.  We  have  hitherto  adverted  only  to  the  action  of  the 
moon  in  producing  tides  j  but  it  is  manifest  that,  for  the 
same  reasons,  the  inequality  of  the  sun's  action  on  dif- 
ferent parts  of  the  earth,  would  produce  a  like  effect,  and  happen  precisely  at  new  and  full 
a  like  variation  from  the  exact  spherical  figure  of  a  fluid  at  the  quarters,  but  a  day 
earth.  So  that  in  reality  there  are  two  tides  every  na- 
tural day  from  the  action  of  the  sun,  as  there  are  in  the 
lunar  day  from  that  of  the  moon,  subject  to  the  same 
laws ;  and  the  lunar  tide,  &S  we  have  observed,  is  some- 
what changed  by  the  action  of  tiie  sun,  and  the  change 
varies^every  day  on  account  of  the  inequnlity  between 
the  natural  and  the  lunar  day.  Indeed  the  effect  of  the 
sun  in  producing  tides,  because  of  his  immense  distance, 
must  be  considerably  less  than  that  of  the  moon,  though 
the  gravity  toward  the  sun  be  much  greater:    for  it  is 


not  the  a 


n  of  the  ■ 


T  moon  itself,  but  the  incqua-     produt 


2  inches,  when  at  their  mean  distances  from  the  earth,  1 
an  elevatinn  of  about  12i  feet,  when  the  moon  is  nearest 
the  earth.     The  height  to  which  the  water  is  found  to  rise, 
on  coasts  of  the  open  and  deep  ocean,  is  agreeable  enough 
to  this  computation. 

Dr.  Horsley  estimates  the  force  of  the  moon  to  that  of 
the  sun,  as  5-O469  to  1,  in  his  edit,  of  Newton's  Princip. 
See  the  Princip.  lib.  3,  sect.  3,  pr.  36  and  37  ;  also  Mac- 
laurin's  Dissert,  de  Caui>a  Physica  Fluxus  ct  EleHuxus 
Maris  apud  Phil,  Nat.  Princ.  Ma' h.  Comment.  Ic  Scur  Sc 
Jacquier,  torn.  3,  pa.  272.  And  other  calculators  make 
the  proportion  still  more  different. 

3.  It  must  be  observed,  that  the  spring-tides  do  not 
H>n,  nor  (he  neap-tides 
after;  because,  as  in 

other  cases,  so  in  this,  the  effect  is  not  greatest  or  least 
when  the  immediate  anfluencc  of  the  cause  is  greatest  ot 
least.  As,  fur  example,  the  greatest  heat  is  not  on 
the  day  of  the  solstice,  when  tbe  immediate  action  of  the 
sun  is  greatest,  but  sume  time  after;  so  likewise,  if  the 
actions  of  the  suq  and  moon  shoifld  suddenly  cease,  yet 
the  tides  would  continue  to  have  their  course  Tor  some 
lime;  and  like  also  as  the  waves  of  the  sea  continue  after 
a  storm.  ' 

4.  The  different  distances  of  the  moon  from  the  earth 


litJes  in  that  action,  that  hav&  any  effect :  the  sun' 
stance  is  so  great,  that  the  diameter  of  the  earth  is  but 
as  a  point  in  comparison  with  it,  and  therefore  the  dif- 
fpreuce  between  the  sun's  actions  on  the  nearest  and  far- 
thest parts,  becomes  vastly  less  than  it  would  be  if  the 


isible  variation  in  (he  tides. 


However  the 
bulk  of  the  sun  makes  the  effect  still  sensible,  ev 
great  a  distance ;  and  therefore,  though  the  actio 
nfoon  has  the  greatest  share  in  producing  the  ti 
action  of  the  sun  adds  sensibly  to  it  when  they 
together,  as  in  the  full  and  change  of  the  moo: 
(bey  arc  nearly  jn  the  same  line  with  the  centr 


approaches  toward  the  earth,  hi 
creases,  and  the  differences  of  that 
tides  depend,  also  increase  ;  and  as 
her  action  on  the  nearest  parts  increi 
that  on  the  remote  parts,  so  that  thi 
higher 


When  the  n 
every  part  in- 

on  which  the 
m  approaches, 
e  quickly  than 
increase  in  a 


portion  as  tbe  moon's  distances  decrease.     In 

o  at  so  iHCt;  It  IS  shown   by  Newton,  that  the  tides  increase  in 

of  the  proportion  as  the  cubes  of  the  distances  diHU%ase;   so 

es,  the  that  the  moon  at  half  her  distance  would  produce  a  tide 

□nSpire  S  times  greater. 

.'  when  The  moon  describes  an  oval  about  tbe  earth,  and  at  her 

of  the  nearc&t  dutaucc  produces  a  tide  sensibly  greater  than  at 


,  v^oogle 
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her  greatcit  distance  from  the  earth :  and  hence  U»  that  tide*  an  pn^agatedi  there  ariiei  a  great  difenity  in  the 

twagreatspring-tidei  never  succeed  each  other  imniediate-  effect    according  (o  the  various  circumstances  of   the 

ly ;  for  if  the  noon  be  at  her  Imt  distance  from  the  ^rtti  placet.     Thus,  a  very  slow  and  imperceptible  motion  of 

at  the  change,  she  must  be  at  bet  greatest  distance  at  the  the  whole  bod)r  of  water,  where  it  U  vriy  deep,  as  ^  miles 

ftill,  liaving  made   half  a  revolution  in  the  intervening  for  instance,  will  suffice  to  raise  its  surface  10  or  13  feet 

time,  and  therefore  the  spring-tide  then  will  be  much  leas  during  the  period  of  a  tide  :  whereas,  if  the  same  quan- 

than  that  at  the  lust  change  was;  and  for  the  same  reason,  tity  of  water  were  to  be  conveyed  throagb  a  channel  of    ■ 

if  a  greai  spring-tide  happen  at  the  time  of  full  moon,  tlie  40  fathoms  dfep,  it  would  require  a  vary  rapid  stream  to 

tide  at  the  ensuing  change  will  be  less.  ef^t  it  in  so  large  inlets  as  are  tbeEngtish  channel, and  the 

5.  The  spring-tides  are  highest,  and  the  neap-tides  German  ocean;  whence  the  tide  is  found  to  set  strongest 
lowest,  al>out  the  time  of  the  equinoxes,  or  the  latter  end  in  those  places  where  the  lea  grows  narrowest,  iha  same 
of  March  and  September;  and,  on  the  contrary,  the  quantity  of  water  being  in  that  case  to  pass  through  a 
spring-tides  are  the  lowest,  and  [he  neap-tides  (he  highest,  tniAller  passage.  This  is  particularly  observable  in  the 
at  the  solstices,  or  about  the  latter  end  of  June  and  De-  strain  between  Portlai>d  and  Cape  la  Hogue  in  Nor- 
cembcr:  so  that  the  difFerence  between  the  spring  and  tnandy,  where  the  tide  runs  like  a  sluice  :  and  would  be 
neap  tides,  is  much  more  considerable  about  the  equinoc-  yet  more  so  between  Dover  and  Calais,  if  the  tide  coming 
tial  than  the  solstitial  seasons  of  the  year.     To  illustrate  round  the  island  did  not  check  it. 

and  evince  the  truth  of  this  observation,  let  us  consider  This  force,  when  once  impressed,  continues  to  carry  the 
the  effect  of  the  luminaries  on  the  tides,  when  in  and  out  water  above  the  ordinary  height  in  the  ocean,  especially 
of  the  plane  of  the  equator.  Now  it  is  manifest,  that  if  where  the  water  meets  a  direct  obstacle,  as  it  does  in  St. 
either  the  sun  or  moon  were  in  the  pole,  they  could  not  Maloes ;  and  Ivhere  it  enteis  into  a  long  channel  which, 
have  any  effect  on  the  (ides ;  for  their  action  would  raise  running  far  into  the  land,  becomes  very  strait  at  its  ex- 
all  the  water  at  the  equator,  or  at  anv  parallel,  quite  tremity,  as  it  does  into  the  Severn  sea  at  Chepstow  and 
around,  to  a  uniform  bright ;  and  thcrelorc  any  place  of  Bristol. 

the  earth,  in  describing  its  parallel  to  the  cqualorr  would  This  shoalness  of  the  sea,  and  the  intercurrent  conti- 
not  meet,,  in  its  coune,  with  any  part  of  the  water  more  nents,  are  the  reasons  that  in  the  open  ocean  the  tides 
elevated  than  another;  to  that  there  coald  be  no  tide  in  rise  but  to  very  small  heights  in  proportion  to 'what  they 
any  place,  that  is,  no  alteration  in  the  height  of  the  do  in  wide-mnutbcd  riven,  opening  in  the  direction  of 
waters.  the  stream  of  the  tide;  and  that  high  water  is  not  soon 
On  the  other  hand,  the  effect  of  the  sun  or  moon  is  y iter  the  moon's  appulse  to  thp  maridian,  but  some  hours 
greatest  when  in  the  equinoctial ;  for  then  the  axis  of  the  after  it,  as  it  is  observt>d  on  all  the  western  coast  of  Eu- 
spheroidal  figuris,  arising  from  their  action,  moves  in  the  rope  and  Africa,  from  Ireland  to  the  Cape  of  Good  Hope; 
greatest  circle,  and  the  watar  is  put  into  the  greatest  agi-  ia  all  which  a  south-west  moon  maJces  high  water;  and 
tation;  and  hence  it  ii  that  the  spring-tides  produced  the  same  it  is  s«id  is  the'case  on  the  western  sideof  Ante- 
when  the  sun  and  moon  are  both  in  the  equinoctial,  arc  rica  So  that  tides  happen  to  different  placet  at  all  di- 
the  greatest  of  any,'and  the  neap-tides  the  least  of  any  stances  of  the  moon  from  the  meridian,  and  consequently 
about  that  time.     And  when  the  luminary  is  any  where  at  all  hours  of  the  day. 

between  the  equinoctial  and  the  pole,  the  tides  are  the  To  allow  the  tides  their  full  motion,  the  ocean  in  which 

smaller.  they  are  produced,  ought  to  be  extended  from  east  to  west 

6.  The  highest  spring-tides  are  a^er  the  autumnal  and  90  degrees  at  least;  because  that  is  the  distance  between 
before  the  vernal  equinox  s  the  nasoa  of  which  is,  because  the  places  where  the  water  is  most  raised  and  depressed 
the  sun  is  nearer  the  earth  in  winter  (han  in  summer.  by  the'moon.    Hence  it  appears  that  it  is  only  in  the  great 

7.  Since  the  greatest  of  the  two  tides  happening  in  oceans  that  such  tides  Can  be  pi^uced,  and  why  in  the 
every  diurnal  revolution  of  the  moon,  is  that  in  which  the  larger  Pacific  ocean  they  exceed  those  in  the  Atlantic 
moon  is  nearest  the  lenilh  or  nadir ;  for  this  reason,  ocean.  Hence  a^o  it  is  obvious,  why  the  tides  are  not  so 
while  thtf  sun  is  in  the  oorthero  signs,  the  greater  of  the  great  in  the  torrid  tone,  between  Africa  and  Amerii», 
two  diurnal  tides  in  our  climates,  is  that  arising  from  the  where  the  ocean  is  narrower,  as  in  the  temperate  lones  on 
noon  above  the  horizon;  when  thje  sun  is  in  the  southern  either  side;  and  hence  we  may  also  understand  why  the 
■ignt,  the  greatest  is  that  arising  from  the  moon  below  tides  are  so  small  in  islands  that  are  very  far  distant  from 

,  the  horiiou.  Thus  it  is  found  by  observation  that  the  shores.  It  is  forthcr  manifest  that,  in  the  Atlantic 
the  evening  rides  in  the  summer  exceed  the  morn-  ocean,  the  water  cannot  rise  on  one  shore  but  by  descend- 
ing tides,  and  in  winter  the  morning  tides  exceed  the  ing  on  the  other;  so  that  at  the  intermediate  islands  it 
evening  tides.  The  difference  is  found  at  Bristol  to  amount  must  continue  at  a  mean  height  between  its  elevations  on 
to  IS  inches,  and  at  Plymouth  to  13.  It  would  be  still  those  two  shores.  But  when  tides  past  over  shoals,  and 
greater,  but  that  the  fluid  always  retains  an  impressed  mo-  through  straits  into  bays  of  the  sea,  their  motion  bAomes 
tion  for  some  time;  so  that  the  preceding  tides  affect  al-  more  various,  and  their  height  depends  on  many  circum- 
ways  those  that  follow  them.     Upon  the  whole,  while  the  stances. 

moon  has  a  north  declination,  the  greatest  tides  in  the  To  be  more  partij:ular.     The  tide  that  is  produced  on 

northern  hemisphere  are  when  she  is  above  the  horiion,  the  western  coasts  of  Europe,  in  the  Atlantic,  corresponds 

and  the  reverse  while  her  declination  is  south.                 .  to  the  situation  of  the  mgon  already  described.  '  Thus  it 

8.  Such  would  the  tides  regularly  be,  if  the  earth  were  is  high  water  on  the  western  coasts  of  Ireland,'  Portugal 
all  over  covered  with  the  sea  very  deep,  so  that  the  water  and  Spain,  about  the  3d  hour  after'the  moon  has  passed 
might  freely  follow  the  influence  of  the  sun  and  moon;  the  meridian  :  from  Ihenceit  Aows  into  the  adjacent  chan* 
but,  by  reason  of  the  shoalness  of  some  places,  and  the  nels,  as  it  finds  the  easiest  passage.  One  current  from  it, 
narrowness  of  the  straits  in  others,  through  Which  the  for  instance,  runs  up  by  the  south  of  England,  and  ano- 
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ther  comes  in  by  the  notlh  of  ScotlMid  ;  they  tskc  a  con-     for  the  conttructioD 


siderable  time  tu  m»ve  ;hrougb  this 
Mays  high  Muter  kkiiict  in  llic  plucn  to  which  they  first 
come  i  Rnd  ii  begins  to  fall  at  iheie  pkceii  while  ihe  car- 
rents  SK  htill  going  on  to  othen  tbtit  are  farther  distant  in 
their  course.  As  they  return,  ibey  are  not  able  to  raJM 
the  tide,  because  the  water  rum  faster  off  than  it  returns, 
till,  by  a  new  tide  prOpa^ted  from  ihe  open  ocean,  the 
return  of  the  current  is  stopped,  and  the  water  begins  to 
ri^  again.  The  tide  propagated  by  the  moon  in  the  Ger- 
iivan  ocean,  when  she  is  3  hours  .past  the  mcrid 
2  hours  to  come  from  thence  to  London  ^bridge 


TIM 

ind  use  of  i 


ihicb,  ■ 


:  his  Ailfon. 


Tick  Tables,  are  Cables  commonly  exhiliiting  ihetimeB 
of  high  water  at  sundry  places,  as  they  fall  on  the  days 
of  the  full  and  change  of  the  moon,  and  sometimes  the 
height  of  them  aliio.  These  are  common  in  most  books 
on  navigation,  particularly  RoberUon's,  and  the  tables  n- 
quiaite  to  be  used  with  the  Nautical  Almanac.  See  one 
at  HiBH-waur. 

TIERCE,  nr  T£iacE,a  liquid  measure,  asof  wine,  oil, 
1,  takes  &c,  containing  43  gallons,  or  the  id  part  of  a  pip<) 
so  thi*     --'- ' 


when  it  is  high  water  there,  a  new  tide  is  already  come  to  TIME,  a  succession  of  phenomena  in  the  universe;  or 

its  height  in  the  ocean  ;  and  in  soma  intermediate  place  it  a  mode  of  duration,  marked  by  certain  periods  and  mea- 

must  be  low  water  at  the  same  time.     Consequently  when  sum;  chiefly  indeed  by  the  motion  and  revolution  of  the 
the  moon  has  north  declination,  and  we  should  expect  tiie  '  luminaries,  and  particularly  of  the, sun. 

tide  at  London  to  be  the  gieateat  when  the  moon  is  above  Thcideaof  time  in  general,  Locke  observes,  we  acquire 

the  bc/izon,  we  find  it  is  least;  and  the  contrary  when  by  considering  any  part  of  infinite  duration,  as  set  out  by    < 

she  has  south  declination.  periodical  measures  :  the  idea  of  any  particular  time,  or 

At  several  places  it  is  high  water  3  hours  before  the  length  of  duration,  as  a  day,  an  hour,  &c,  we  acquire  fir&t 

mooivGonies  to  the  meridian;  but  that  tide,  which  the  by  observing  certainappearaucesat  regular  and.  seemingly 

moon  drives  as  it  were  before  her,  is  only  the  tide  opposite  equidistant  periods.     Now,  by  being  able  to  repeat  these 

to  that  which  was  raised  by  her  when  she  was  9  hours  past  lengths  or  measures  of  time  as  often  as  we  will,  we  cbn 

the  opposite  meridian.  imagine  duration,  where  nothing  really  endure*  or  exists; 

it  would  be  endless  to  recount  all  the  particular  solu-  and  thus  we  imagine  to-morrow,  or  next  year,  &c. 

tious,  which  arc  easy  consequences  from  this  doctrine;  ost  Some  of  the  later  school-philusupbers  define  time  to  be' 

why  the  lakes  and  seas,  sucb  as  the  Caspian  sea  and  the  the  durntion  of  a  thing  ^vh•)st'  <.'xistence  is  neither  without 

Mediterranean  sea,  the  Black  sea  and   the  Baltic,  have  brginning  nor  end  :  by  this,  time  is  distinguished  from 

little  or  no  sensible  tides;  for  lakes  arc  usually  so  small,  eternity. 

that  when  the  moon  is  vertical  she  attracts  every  part  of  Aristotle  and  the  Peripatetics  define  it,  numerus  motus 

tbem  alike,  so  that  no  part  of  the  water  can  be  raised  secundum  prius  et  posterius,  or  a  multitude  of  Iransient 

higher  than  another;  and  having  no  communication  with  parts  of  motion,  succeeding  each  other,  in  a  Continual  flux. 


the  ocean,  it  can  neither  increase  nor  diminish  iht 
tcr,  to  make  it  rise  and  fall ;  and  seas  that  i 
by  such  narrow  inlets,  and  are  of  so  immense  an  extent, 
cannot  speedily  receive  and  empty  water  esough  to  raise 
ursink  their  surface  in  any  sensible  degree. 

la  general ;  when  the  time  of  high  water  at  any  place 
is  mentioned,  it  is  to  be  understood  on  the  days  of  new  an4 
full  moons. — Among  pilot),  it  is  customary  to  reckon  the 
time  of  Hood)  or  high  water,  by  the  point  of  the  compass 
n  bears  on,  at  that  time,  allowing  j  of  an  heur  for 


in  the  relation  of  priority  and  poslcriuriiy. 
should  follow  that  time  is  motion  itself, or  at  least  the  du-  ' 
ration  of  motion, considered  as  having  several  parts,  some  of 
which  are  continually  succeeding  to  others.  ■  But  on  this 
principle,  lime  or  temporal  duration  would  not  agrra  to 
bodies  at  rest,  which  yet  nobody  will  deny  to  exist  in  time, 
or  to  endure  for  a  time. 

To  avoid  this  inconvenience,  the  Epicureans  and  Cur- 
puscularians  made  time  to  be  a  kind  of  flux  different  from 
motion,  consisting  of  infinite  parts,  continually  and  ir 


each  point.    Thus,  on  the  full  and  change  days,  in  places  diately  succeeding  each  other,  and  this  from  eternity  to 

nhere  it  is  flood  at  noon,  the  tide  is  said  to  flow  north  and  eternity.     But  others  directly  explode  this  notion,  as  esla- 

south,  or  at  13  o'clock  :  in  otherplaccs,onthesamedays,  blishing  an  eternal  being,  independent  of  God.     For  bow 

where  the  moon  bears  1,  2,  3, 4,  or  more  points  to  the  east  should  there  be  a  fliui  .before  any  thing  existed  to  flow  i 

or  west  of  the  meridian  when  it  is  high  water,  the  tide  is  and  what  should  that  flux  be,  a  substance,  or  an  accMenl? 


said  to  flow  on  such  point ;  thus,  if  the  moon  bears  i 
flood,  it  is  said  to  flow  se  and  nw,  or  3  hours  beforejhe 
meridian,  that  is,  at  9  o'clock ;  if  it  bean  sw,  it  flows  sw 
and  HE, or  at  Shoursafter  the  meridian  ;  and  in  like  man- 
ner for  the  other  points  of  the  moon's  bearing. 

The  times  of  high  water  in  any  place  fall  about  the  same 
houn  after  a  period  of  about  15  days,  or  between  one 


According  to  the  philosophic  poet, 

"  Time  of  itselfis  nothing,  but  from  thought 
Receives  its  rise ;  by  labouring  fancy  wrought 
From  things  considev'd,  while  we  think  on  some 
AaprescDt,  some  as  past,  or  yet  to  come. 
No  thought  can  think  on  time,  that's  still  confc-st. 
But  thinks  on  things  in  motion  or  at  rest." 


sprina  tide  and  another;  but  during  that  period,  the  times  And  so  on.     Vide  Lucretius,  book  i. 

of  high  water  fall  each  day  later  by  about  49  minute*.  Time  may  be  distinguished,  like  place,  into  absolute  and 

On  the  subject  of  this  article,  tee  Newton  Princ.  Math,  relative. 

lib.  3,  prop.  24^  and    De  System.  Mundi  sect.  38,   &c.  AbmhUe  Tihk,  is  time  considered  iu  itself,  and  without 

Apud  Uperaedit.  Horsley,  tom.  3,  pa.  52  See,  pa.  203  Ice.  any  relation  to  bodies,  or  their  motions. 

Maclaurin's  Account  of  Newton's  Discoveries,  book  4,  Relaitpe  or  ApparttuTiitB,  is  the  sensible  measure  of 

ch.7-     Ferguson's  Astroni  ch.  17.     Robertson's  Navig,  any  duration  by  means  of  motion. 

book  6,  sect.  7,  8,9. .  Lalande's  Astron.  vol.4.     See  also  Some  authon  divide  time  into  astronomical  and  civil, 

the  article  Physit^  Astronomy  in  this  dictionary.  Attronomieat  Time,  is  that  which  w  taken  purely  from 

TiDK  Dial,  an  instrument  contrived  by  Mr.  Ferguson,  the  motwn  of  the  heavenly  bodies,  without  Miy  other  n- 

for  eiUiibituig  and  deteTmiiiing  the  state  of  tka  tide* :  gard. 
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CmilTiut,  U  the  former  time  accommoJnted  to  civil 
utes,  and  formed  or  diitingnisbed  into  yean,  montbi, 
day  a,  &c. 

ApparetUTiMK,  is  that  dHuc«d  from  the  molion  of  the 
heavenly  bodies,  as  of  the  sun :  which  is  unequal.    And 

Equal,  Mean,  or  True  Time,  is  that  which  is  shown  by 
a  good  clock,  which  it  is  supposed  never  varies  in  iis  rate 
of  going. 

Equation  qfT^TtEjii  the  difierciice  Jjctwecn  true  and 
apparent  time. 

TiHK,  in  Music,  is  an  affection  of  sound,  by  which 
it  is  said  to  be  longorshorl,  with  regard 
in  the  samt  lone  or  d^ree  of  tunc. 

Musiral  time  is  distinguished  into  coromoD  or  duple 
time,  and  triple  time. 

Double,  Duple,  or  Gfomon  Ttme,  is  whf  n  the  notes  are  in 
a  duple  duration  of  each  other,  vie,  a  semibrcve  equal  to 
2  minims,  a  minim  to  2  crotchets,  a  crotchet  to  2  qua- 

Cotnmon  or  double  lime  is  of  t\ 
wheti  every  bar  or  meatiure  is  equal  i 
iny  combination  of  notes  of 
where  everj-  bar  is  equa' 


TIM 


"  In  common  watches  in  general,  tlie  wheels  have  about 
one-third  the  dominion  over  the  balance,  that  the  balaitce^ 
spring  has  ;  that  is,  if  the  power  which  the  balance-spring 
has  over  the  balance  be  called  three,  that  from  the  wheel 
is  one:  bnt  io  this  my  time-keeper,  the  wheels  have, only 
about  one  18th  part  of  the  power  over  the  baUnce  that 
the  balance  spring  has ;  and  it  must  be  allowed,  the  1l-ss 
the  wheels  are  connected  with  the  balance,  the  better. 
The  wheels  in  a  common  yatch  having  this  great  domi- 
nion over  the  balance,  they  cm,  wht-n  the  watch  is  wound 
Up,  and  the  balance  at  rest,  sot  the  WHtch  a-going ;  but 
Is  continuance  when  my  time-ljeeper's  balance  is  at  rest,  and  the  spring 
is  wound  up,  the  force  of  the  wheels  can  no  more  puiit  ia 
molion,  than  thu  wheels  ofa  common  regulator  can,  when 
the  weight  ia  wound-up,  set  the  pendulum  a  vibrating; 
nor  will  the  force  from  the  wheels  move  the  balance  when 
at  rest,  to  a  greater  an|;le  in  proportion  to  tlie  vibration 
that  It  is  Io  fetch,  than  the  force  uf  (he  uhcrU  of  a  com- 
mon regulator  can  move  the  pendulum  from  the  perpen- 
nrst     dicular  whi'n  it  is  at  rot. 

r  its         "  My  time-kw|)er"s  balance  is  more  than  three  times 
Tbc     the  weight  of  a  large  sized   common    watch   balance,  and 
slue     ihree  times  its  diameter;  and  a  common  waich   bulance 
goes  through  about  6  inches  of  space  ma  second,  bui  mine 
goes  through  about  24  inches  in  that  time:  so  thui  bud 
my  instrument   only  these  advantH<>es  over  a  common 
WHich,  a  good  performance  might  be  expicied  from   it. 
But  ray  lime-lii-cper  is  not  allvcted  by  the  diffiTent  degrees 
of  heal  and  cold,  nor  Hsitaiion  of  ihe  ship ;  and  the  force 
frum  ihf  wherU  is  D|]plieLl  [n  The  balance  in  such  a  mnn- 
ncr,  tog^'thiT  ivilb  the  shH|ic  of  the  balance- spring,  and  (if 
1  may  be  allflwc>d  the  term]  an  ariilicial  cycloid,  which 
acts  at  this  spring;  so  that  from  these  conirivuncct,  let 
ibe  balance  vibiate  more  or  less,  all  its  vibrations  are  per- 
formed in  the  same  time;  and  therefore  if  it  go  at  ali,  it 
must  go  true.     So  (hat  il  is  plain  from  this,  that  such  a 
time-keeper  goes  entinly  from  principle,  and  not  iVom  " 
chance." — Those  who  may  desire  to  ste  a  minute  account 
ard  of  20  thousand  pounds.     And  several     "f  ihe  construciioo  of  Mr.  Harrison's  time-keeper,  may 
have  since  received  also  considerable  sums  for     consult  ihe  publication  by  order  of  the  commissioners  of 


■o  kinds.     Thi 
o  a  icniibrevc, 

value  il 

second 

in  less  notes.     The  movements  ofthiskiud  of  measure 

various,  but  there  are  three  common  distinctions;  the 

first  slow,  denoted  at  the  beginning  of  the  line  by  the  mark 

c;  the  2d  brisk,  marked 

thus^ 


;  and  the  3d  very  brisk,  thus  mnrkeil  Zy. 


a )« triple 


TVip/e  Ttme  iswhen  ihc  durations  of  the  notea 
of  each  other,  that  is,  when  the  scniibrevc  u  e 
minims,  the  minim  to  3  croicliois,  &c  ;  and  it  is  marked  t. 
-TiME-jte^rs,  in  a  general  sense,  denote  instruments 
adapted  fttr  measuring  time.     See  Cuuunohi'.teu.     In 
a  more  peculiar  and  definite  sense,  tiiiK-kee|Kr  is  a  term 
first  applied  by  Mr.John  llarriiion  to  his  watchra,  con- 
structed and  used  fur  determining  the  longitude  at  see, 
and  for  which  he  received,  at  different  limes,  the  parli 
mcntary  "  .     ^  —     .  ... 

other  art 

their  improvements  of  lime-keepcrs ;  as  .Arnold,  Mudge, 
&c.     See  LoFGiTUDE.     This  oppellation  is  now  become     '    We  shall  here  subjoin  a  short  view  of  the  iiaprovements 
among  artists,  to  distinguish  iuch  ivaichcs  as  are     in  Mr.  Harrison'*  watch,  from  the  account  presented  li 
lautical 


ordinary  care  and  accuracy  for 
or  astronomical  nbscrvatiims. 

The  principles  of  Mr.  Harrison's  time-keeper,  as  they 
were 'Communicated  by  himself,  to  the  commissioners  ap- 
pointed to  receive  and  publish  Ihe  same  in  the  year  1765, 
are  as  below:  "  In  this  lime-kceper  then;  is  the  greHie!.t 
care  taken  to  avoid  friction,  as  much  as  can  be,  by  ihe 
wheel  moving  on  small  pivots,  ' ' 
numbers  in  (he  wheels  ;indi  pi 

"  The  part  which  measures  time  goes  but  tho  8th  part 
Ota  minute  without  winding  up  ;  so  that  part  is  very  sim- 
ple, as  this  winding-up  is  performed  at  the  whcf^l  next  to 
the  balance-wheel ;  by  which  means  there  is  always  an 
equal  force  acting  at  that  wheel,  and  all  the  rest  of  the 
work  hasino  more  to  do  in  the  measuring  of  time  than  the 
person  that  winds  up  once  a  day. 

"  There  is  a  spring  in  the  inside  of  ihe  fusee,  which  I 
will  Call  a  secondary  main  spring.  This  spring  is  always 
kept  stretched  to  a  certain  tension  by  the  main  spring; 
and  during  the  time  of  winding-up  the  lime- kipper,  at 
which  time  the  main-spring  is  not  sufiered  to  act,  this  se- 
condary spring  supplies  its  place. 


the  board  of  longitude  by  Mr.  Ludlant,  one  of  the  gen- 
tlemen to  whom,  by  order  of  ibe  commissioners,  Mr.  Har- 
rison discovered  and  explained  the  principle  on  ubich  his 
liiue-kceper  is  constructed.  The  defects  in  common 
watches  which  Mr.  Harrison  proposes  to  remedy,  arecbiefly 
thette  :  1.  That  ihc  main  spring  acts  not  constantly  with 
the  same  force  on  the  wheels,  and  through  them  on  the 
ruby-holes,  and'high  balance  :  2,  That  the  balance,  either  urged  with  an  un- 
equal force,  or  meeting  with  a  different  resistance  from  the 
air,  or  the  oil,  or  the  friciion,  vibrates  through  a  greater 
or  K-ss  arch  :  3  That  these  unequal  vibrations  are  not  per- 
formed in  eqiiid 'limes  ;  and,  4.  That  the  force  of  the  ba- 
lance-spring is  altered  by  a  change  of  heat. 

To  remedy  the  first  defect,  Mr.  Harrison  has  contrived 
that  his  watch  shall- he  moved  by  a' very  teniler  i-pring, 
which  never  unrolls  iiself  more  than  one-eighib  pan  of  a 
(urn,  and  acts  upon  the  balance  through  one  wheel  only. 
But  such  a  spring  cannot  keep  the  watch  in  motion  a  long 
time.'  He  has  therefore,  joined  another,  whoH  ofhce  is  to 
wind  up  the  first  spring  6  limes  in  every  minute;  and  which 
isitself  wound  upbut-imcea  day.  To  remedj  iliesecond 
defect,  he  uses  a  much  stronger  balance  spring  than  in  a 
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TON  [«!]  TON 

COUtnon  watch.     For  if  the  force  of  thif  spring  upon  the  of  an  acate,  n  gAvCi  or  a  middle  tone,     Wallis'i  Append., 

balance  remains  the  tame,  while  the  force  of  the  other  Piolem.  Harm.  pa.  172. 

varies,  the  errors  arising  from  that  variation  will  be  the         Tone  is  more  particularly  used,  in  music,  for  a  certain 

less,  as  the  fixed  force  is  the  greater.     But  a  slroriger  degree  ftr  interval  of  tune,  by  which  asoiind  may  beeJther 

■piing  will  require  either  a  heavier  or  a  lar^r  balance,  raised  or  lowered  from  one  extreme  of  a  concord  to  tlie 

Aheavicr  balance  would  have  a  greater  friction.    Mr.  [far-  other,  so  as  still  to  produce  true  melody.     In  tempered 

rison  therefore  increases  ibe  diameter  of  it.    In  a  common  scales  of  music,  the  tones  are  made  equal,  but  in  a  true 

watch  it  it  under  an  inch,  but  in  Mr.  Harrison's  3  inches  and  accurate  practice  of  singing  they  are  nut  so,    Pepuscb, 

S  tenths.    However,  tbe-methodi  already  described  only  in  Philos.  Trans.  No.4Sl.     Besides  the  concords,  or  hur- 

lessening  the  errors,  and  not  removing  them,  >Ir.  Harrison  monical  intervals,  musicians  admit  three  less  kinds  of  in- 

uses  two  ways  to  make  the  times  of  the  vibrations  equal,  tervals,  which  are  the  measures  and  component  parts  of 

though  the  arches  may  be  unequal :  one  is,  to  place  a  pin,  the  greater,  and  arc  called  decrees.     Of  these  degrees, 

to  that  the  balance-spring  pressing  against  it,  has  its  forca  two  are  called  tones,  and  the  third  a  semitone.     Their 

increased,  butincreased  less  when  the  variations  are  larger;  ratios  in  number  are  8  to  St  called  a  greater  tone;  9  to  10 

the  other,  to  give  the  pallets  such  a  shape,  Cbat  the  wheels  called  a  lesser  tone ;  and.  15  to  16,  a  semitone: 

firess  them  with  less  advantage,  when  the  vibrations  are        The  tones  arise  out  of  thesimple  concords,  and  are  equal 

nrger.     To  remedy  the  last  defect,  Mr.Harrison  iises  a  to  their  dtfierences.     Thus  the  greater  tone,  8  :  9<  is  the 

bar  compounded  of  two  thin  plates  of  brass  and  steel,  difference  of  a  jih  and  a  4di  i   the  less  tone  Q  :  10,  the 

about  i  inches  in  length,  riveted  in  several  places  together,  difference  of  a  less  3d  and  a  4th,  or  of  a  5th  and  a  greater 

fastened  at  one  end  and  having  two  pins  at  the  other,  be-  6tb  ;  and  the  semitone  15  :  16,  the  differeoce  of  a  greater 

tween  which  the  balance  spring  passes.     If  this  bar  be  3d  and  a  4th. 

straight  in  temperate  weather  (brass  changing  its  length         Of  these  tones  and  semitones  every  concord  is  com- 

by  heat  more  than  steel)  the  brass  side  becomes  convex  pounded,  and  consequently  every  one  is  resolvable  into  a 

when  it  is  heated,  and  ibe  steel  side  when  it  ia  cold  :  and  certain  number  of  ihcai.    Thus,  the  less  3d  consists  of  one 

thus  the  pins  lay  hold  of  a  diffircnt  part  of  the  spring  in  greater  tone  and  one  semitone :  the  greater  3d,  of  one 

different  degrees  of  heat,  and  lengthen  or  shorten  it  as  the  greater  tone  and  oiie  less  tone :   the  4th,  of  one  greater 

regulator  does  in  a  common  watch.  tone,  one  less  tone,  and  one  semitone:  and  the  5tfa,  of 

The  principles  on  which  Mr.  Arnold's  time-keeper  it  two  greater  tones,  one  less  tone,  and  one  semitone, 
constructed  are  these :    The  balance  is  unconnected  with         TONNAG£,  of  a  ship,  is  the  weight  or  loading  it  it 

the  wheel  work,  except  at  the  time  it  receives  the  impulse  supposed  to  bear.    Tberule  commonly  used  for  computing 


to  make  it  continue  iu  motion,  which  is  only  while  it  vi-  it,  is  to  mullipty. the  length  of  the  keel  by  the  breadth  of 

brates  10°  out  of  380°  which  is  the  whole  vibration;  and  the  beam,  and  that  again  by  half  the  same  breadth  of  the 

during  this  small  interval  it  has  little  or  no  friction,  but  beam  ;  tfie  last  product  divided  by  94,  gives  the^number    , 

what  is  on  the  pivots,  which  work  in  ruby  holes  on  dia-  of  lent  burthen.     Thus,  if  the  length  of  keel  be  100  feet, 

monds.     It  has  but  one  pallet,  which  is  a  plane  surface  ^„j  ^^^  j.„^j,i,  „f  l^^„  gO    tl,,„  '°°  "  '"  "  "  =  478, . 
formed  out  of  a  ruby,  and  has  no  oil  on  It.     Watches  of  9* 

this  construction,  says  Mr.  Lyons,  go  while  thev  are  wound  '^  '^^  tonnage. 

up  ;  they  keep  the  same  rate  of  going  in  every  position,         TONSTALL  (Cuthbxkt),  a  learned  English  divine  " 

and  are  not  affected  by  the  different  forces  of  the  spring ;  and  mathematician,  was  horn  in  the  year  1 476-     He  etl- 

■nd  the  compensation  for  heat  and  cold  it  absolutely  ad<  .  tered  a  student  at  the  university  of  Oxford  about'thc  year 

jasuhle.     Phipps's  Voyage  to  the  Nonh  Pole,  pa.  230.  1*91;  hut  afterwards,  being  driven  from  thence  by  the 

See  LoNoiTUDB.  plague,  he  went  to  Cambridge,  and  shortly  aflot  to  the 

TISBI,  or  Tjz«i,  in  Chronology,  the  first  Hebrew  university  of  Padua  in  Italy,  which  was  then  in  a  flourish- 

month  of  the  civil  year,  and  the  7th  of  the  ecclesiastical  ing  state  of  literature,  where  his  genius  and  learning  ac- 

or  sacred  year.     It  answered  to  part  of  our  September  and  quired  him  great  respect  from  every  one,  particularly  for 

October.        '  his  knowledge  in  mathematics,  philosophy,  andjurispru- 

TOD  qfuiool,  is  mentioned  in  the  statute  12  Carol,  II.  dence. 
c.  33,  as  a  weight  containing  2  stone,  or  28  pounds.  On  hfs  return  home,  he  met  with  great  fiivoun  from  the 

TOISE,  a  French  measure,  containing  6  of  their  feet,  government,  obtaining  several  church  preferments,  and 

aimilar  to  our  fathom.— The  length  of  the  French  toise,  is  (he  office  of  srcreWry  to  the  cabinet  of  the  king,  Henry 

to  the  English  fathom,  as  1065  to  lOOO,  or  as  213  in  800.  the  8th.     This  prince,  having  also  employed  him  on  s»- 

TON,  is  SO  hundred  weight,  or  2240  lbs.  veral  foreign  embassies,  was  so  well  satisfied  with  bis  con- 

TONDIN,  or  Tandivo,  in  Architecture.    See  Tork.  duct,  that  he  first  gave  him  the  bishopric  of  London  io 

TONE,  orTuHE,  in  Music,  a  property  of  sound,  by  153S,  and  afterwards  that  of  Durham  in  1530. 
which  it  comes  under  the  fetation  of  grave  and  acute;  or'       Tonstall  approved  at  first  of  the  dissolution  of  the  maiw 
the  degree  of  elevatioa  any  aound  has,  from  the  degree  of  riage  of  his  benefactor  with  Catharine  uf  Spain,  and  even   ' 
•wiftnest  of  the  vibrations  of  the  parts  of  the  sonorous  wrote  a  hook  in  favour  of  that  dissolution ;  but  he  after- 
body,— For  the  cause,  measure,  degree,  difference,  &c,  of  wards  condemned  that  work,  and  experienced  a  great  re- 
tones,  seeTuKB.  verse  of  fortune.    He  was  ejected  from  the  see  of  Durham    ' 

The  word  Tone  is  taken  in  four  different  sensea  among  for  bis  religion  in  the  time  of  Edward  tlie  6ih,  to  which 
theancients.  1,  For  any  sound,  S,  For  a  certain  interval;  however  he  was  restored  again  by  queen  Mary  in  the  be- 
as  when  it  is  said  the  difference  between  the  diapeoce  «nd  ^nning  of  her  reign,  but  was  again  expelled  in  1559  when 
diatetsaroo  is  a  tone,  S,  For  a  certain  locus  or  compass  queen  Elis^>eth  was  settled  in  her  throne  ;  and  he  died  in 
of  the  voice;  in  which  sense  they  used  the  Dorian,  Phry-  a  prison  a  few  months  after,  in  the  8*th  year  of  bis  age. 
eian,  Lydian  tones,    4.  Far  tension :  as  when  they  speak        TonsUlt  was  doubtless  one  of  the  most  learned  mep  of 

Vol.  n.  .  ,   t™.  .  3  X 
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TOR  .  t  »««  ]  TOR 
hi*  lime.  "  He  was,"  says  Woof),  "  a  vtty  gooil  Grecisn  Greek  and  Uttin.  The  preparing  nf  tbis  work  had  tieen 
mnd  Lbriuan,  an  eloquent  rhetoririaii,  a  hkiltul  mniliema-  indeed  ihe  labour  of  mokt  part  of  hit  life.  Having  been 
ticiui,  a  Doled  civilian  and  canoniil,  and  a  prDfudiul  di-  completely  prepared  lur  publication,  and  even  rhe  dia- 
vine.  Butthut  whicli  tnakt^th  for  Iiik  greaictt  turiain'iida-  grams  cut  which  k  etc  to  accompany  the  demoiibtjatiuns, 
tion,  is,  tkat  Krasmus  wat  his  friend,  and  he  a.  fiiiit  rriciid  the  manuM:ript  was  diipowd  oi  alter  his  dealli  tu  ilie  cu- 
to  Erasratu,  in  an  epistle  to  whom  from  Sir  Thuinas  Mure,  raion  uf  the  Clarendon  prea,  by  whose  order  it  wuk  printed 
I  lind  this  character  of  Touttail,  that,  "  A«  ihere  ivut  no  under  the  immediate  care  of  Dr.  Robertson, 
man  more  adorned  with  knowledgoand  good  literature,  It  iippeais  that  there  have  been  few  persons,  in  any  court- 
no  mac  more  severe  and  of  greater  integrity  for  bis  lite  iwid  try,  or  in  any  period  of  time,  who  were  belter  qualified  for 
inannen;  ao  there  waa  no  man  a  more  sweet  and  ple:i»ant  prepaiing  a  correct  edition  of  Archimedes.  As  a  Greek 
companion,  with  whom  «  man  would  rather  cbouw  to  scholar,  he  was  cupahle  of  correcting  the  mistakes,  nup- 
GOBvene."  plying  the  defecii,  and  illoitratlng  the  obscure  passages, 
His  writingl  that  were  published,  were  chiefly,  I.  In  that  occurred  in  treatises  originally  written  in  the  Greek 
Lftudem  Matrimonii,  Loml.  1518,  4[i>. — But  tlini  fur  tonitue  :  .his  knowledge  of  Laiin,  and  a  facility,  aciguired 
which  he  is  chiefly  entitled  to  a  place  in  this  work,  was  by  habit,  of  writing  in  this  language,  rendered  him  a  lit 
hii  book  on  arithmetic,  viz, — 2.  De  Arte  Supputandi,  perstm  to  translate  the  Greek  into  pure  and  correct  Latin  ; 
Load.  1538,  4to,  dedicated  to  Sir  Thuinas  More.  This  and  his  compn-hetiatye  acquaintance  with  mathematics  and 
was  afterwards  several  times  printed  abroad. — 3.  A  Ser-  philn&uphy  qualified  him  for  conducting  the  whole  work 

.   iDon  on  Pahn  Sunday  before  kin);  4Ieury  the  Sth,  &c.  with  Judgment  and  accuracy. 

.  liond.  1539  ud  l633,  4to, — ».  De  Veritate  Corporis  &  TORNADO,  a,  violent  gu»t  of  wind  arising  suddenly 

Sanguinis  Domini   in  Eucharistia.   Lutet.  15a4,  4to.—  from  the  shore,  and  afterwards  veering  round  all  points  of 

5.  Compendium  in  decern  Libros  Etliicorum  Aristotelis.  the  compass  like  a  hurricane.    It  is  very  frequent  on  the 


I^.  19J4,   in  8vo.— ^.  Contra  inipios  Blaspheniatores     coast  of  Guihea. 

Dei  prtadesttnationis  opera.  Aiitw.  1555,  4t(b — 7.  Gorily        TOitRENT,  in  Hydrography,  a  temporary  stream  of 


tod  devout  Prayers  in  English  and  Latin.    1558,  in  8vo.  water,  falling  suddenly  from  mountains,  &c,  where  there 

TOPOGRAPHY,  is  a  description  or  draught  of  some  have  been  great  rains,  or  an  extraordinary  thaw  of  siiow  ; 

particular  place,  or  small  tract  of  land  ;  as  that  of  a  city,  sometimes  makinggreat  ravages  in  the  plains. 

0r  town,  manor  or  tenement,  lield,  garden,  house,  castle,  TORRICELLI  (Etangelibtb),  an  illustrious  maihe- 

oi  the  like;  such  as  surveyors  set  out  in  their,  plots,  or  malician  and  phtTosupher  of  Italy,  was  burn  at  Faenza  in 

make  draughts  of,  for  tha  information  and  safitifactloD  of  1 60S,  and  traiued  up  in  Greek  and  Ijitin  literature  by  an 

the  proprietors.    Topography  differs  from  chorography,  as  uncle,  who  was  a  monk.     Natural  inclination  led  him  to 

a  particular  from  a  more  general.  cultivate  mathematical  knowli'dge,  which  he  pursued  some 

TORELLI  (Josefb),  a  respectable  Italian  maiheraa-  linK-  without  a  master;  but  at  about  SO  years  of  age,  be 

tician,  was,  born  at  Verona  in  November  1721,  and  died  went  to  Kame,  where  he  continued  the  pui  suit  of  it  under 

in  Sept.  1781.     His  father  was  a  merchant,  in  good  cir-  father  Benedict  Castclli.     Casielli  had  be<n  a  scholar  uf 

cumstances,  who  died  soon   after  his  sun's  birth  ;   so  that  the  great  Galileo,  and   had  been   appointed    by   the  p<ipe 

the  careofTorelli's  education  devolved  on  hi)  mother;  by  profetsnr  of  malhematics  at  Rume.     Torricelli  made  such 

whom  his  inf<int  mind  was  most  atlentivi'ly  cultivated,  and  progress  under  this  niaster,  that  having  read  Galileo's  Uia- 

to  whose  care  might  be  ascribed  many  of  those  amiable  logues,  he  composed  a  Treatise  concerning  motion  on  his 

qualities,  which  distinguished  his  more  advanced  age.  principles.   Castelli,  surprised  at  the  performance,  carried 

Having  laid  a  good  foundation  by  private  instruction  at  it  and  read  it  to  dalileo,  who  heard  it  with  great  pleasure, 

Verona,  he  prosecuted  his  studies  at  the  university  of  and  conceived  a  high  esteem  and  friendship  for  the  author, 

Padua,  with  great  assiduity,  in  the  various  branches  of  li-  Onthis,CBStelli  proposed  to  Galileo,  that  Torricelii  should 

teratnre  and  science.  come  and  live  with  him  ;  recommending  him  as  tlie  most 

Having  spent  four  years  at  Padua,  where  be  conciliated  'proper  person  he  could  have,  since  he  was  the  most  capa- 
the  general  esteem  of  the  leamed,  and  whore  he  obtained  ble.nf  comprehending  those  sublime  speculations,  which 
a  doctor's  degree,  he  returned  tn  his  own  country.  Being  his  own  great  age,  inlirmilies,  and  want  of  sight,  prrvented 
.  in  easy  circumstances,  he  declined  engaging  in  any  pro-  him  from  giving  to  the  world.  Galileo  accepted  the  pro- 
fession, but  devoted  his  whole  time  and  attention  to  ^ne-  posal,  and  Torricelli  the  employment,  ax  things  of  all 
lal  study,  both  of  languages  and  matbematics.  He  bo-  others  the  most  advantageous  to  both.  Galileo  Was  at 
came  accordingly  an  excellent  proficient  in  several  of  the  Florence,  at  which  place  Torricelli  arrived  in  1Q41,  and 
aticient  and  modern  tongues.  The  Greek  and  Hebrew  ^e  began  to  take  down  what  Galileo  dictated,  to  regulate  his 
srelt  understood;  he  wrote  Latin  with  ease  and  correct-  papers,  and  to  act  in  every  re&pect  according  to  his  di- 
ness;  and  his  acquaintance  with  the  French,  Spanish,  and  rections.  But  he  did  not  long  enjoy  the  advantages  of 
English,  enabled  him  to  peruse  the  best  writers  with  plea-  this  situation,  as  Galileo  died  at  the  end  of  only  three 
sure  and  improvement.     To  his  knowledge  of  the  Ian-  months. 

guages  he  added  a  very  extensive  acquaintance  with  the,  Torricelli  was  theii  about  returning  to  Rome;  but  the 

arts  and  sciences  ;  so  that  he  was  no  less  distinguished  a*  Grand  Duke  engaged  him  to  c<)ntinue  at  Florence,  making 

a  mathematician  and  philosopher,    than   as  a  criticsU  bira  his  own  mathemaiirian  for  the  present,  and  promising 

scholar.  him  the  proiessor's  chair  as  soon  as  it  should  be  vacant. 

Torelli  was  author  of  a  great  number  and  variety  of  Here  he  app'lied  himself  intensely  to  the  study  of  mathe- 

compositions,  which  sufficiently  evince  his  distingujshed  matics,  physics,  and  astronomy,  making  many  improve- 

abilities  and  application.    But  that  from  which  he  has  ob-  ments  and  some  discoveries.     Among  others,  he  greatly 

tained  his  chief^  celebrity,  is  an  edition  of  the  collected  Improved  the  art  of  making  microscopes  and  telescopes ; 

works  of  Archioiedei,  ptiuted  aTOxford,  1792/  folio,  in  and  it  ii  generally  acknowkdged  that  Iw  first  found  out 
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the  mctliod  of  ascertaining  (be  weight  of  ihe  ulmoHpheru  TRACTRIX,  or  Tractix,  in  Geometry,  a  cuT?e  lin* 
by  a  proportionate  culuina  of  quicksilver,  the  baionietcr    called  nho  CatenRna  ;  wjiich  sec. 

being  called  from  him  the  Torricellian  tube,  and  I'orri-  1  RAjliCTOltY,  a  term  often  employed  to  denote  the 
cellian  expt-riiiient.  In  short,  great  things  were  expecieif  path  of  any  body  moving  either  in  ft  void,  or  in  a  me- 
froRi  him,  and  great  thing*  would  probalily  have  been  Jium  that  resists  il»  motion  ;  or  even  for  any  curve  pass- 
further  perforined  by  him,  if  he  had  lived:  but  he 'died,  ing  through  a  given  number  of  points.  Thus  Ne«toa, 
after  a  few  days  illness,  in  lt)*7,  whert  he  had  just  com-  Princip,  lib.  1,  prob,  92,  proposes  to  describe  a  trajectory 
pitted  the  3C)th  year  of  his  age.  •  that  shall  pass  through  live  given  points. 

Trirricelli  published  at  Florence  in  l6i4,,  a  volume  of  'Irajectorv  of  a  Comet,  is  its  path  or  Arbit,  or  the 
ingenious  piL-ces,  entitled,  Opera  Geomctriea,  in  4to.  ""e  "  describes  in  its  motion.  This  path,  Hevcliii!.,  in 
There  was  aJso  published  at  the  same  place,  in  1715,  ^}^  Coiiietof>rapLiM,  will  have  to  be  very  nearly  a  right 
Leiiioni  Accademiche,  consisting  of  9ti  pages  in  4to.  ^'nt;  but  Dr. Halley  concludes  it  to  be,  hb  it  really  is,  a 
These  v«  discounes  that  had  been  pronounced  by  ^"y  c>,CLntric  ellipsis;  though  its  place  mayoften  be 
Jiim.on  different  occasions.  The  first  of  them  was  well  computed  on  the  supposition  of  its  being  a  parabola.  ■ 
to  the  academy  of  La  Crusca,  by  way  of  thanks  for  —Newton,  in  prop.  41  of  his  .'(d  book,  shows  how  to  de- 
admitting  liim  into  their  body.  The  rest  are' upon  t^rmine  the  tngectory  of  a  comet  from  three  observations ; 
subjects  of  mathematics  and  physics.  Prefixed  to  the  '""'  '"  his  last  prop,  how  to  correct  a  trajectory  graphi- 
whole  is  a  long  life  of  Totricelli.  by  Thomas  Buoiiaventuri,  "'ly  described, 
a  Florentine  gcntlemiin.  -  TRAMMELS,  in  Mechanics,  an  instrument  used  by 

TORRICELLIAN,  a  term  very  fwrnueni  among  phy-     ""'ficeH  lor  drawing  ovals  upon  boards,  &c.     On.  part 
sical  writers,  used  in  the  phrases,  Torricellian  tube,  or     "J  "  """"^  "^  "  ""'^  ""^  t""  g^™"^*  "  "«''»  ""8'«»:     ' 
Torricellian  experiment,  on  account  of  the  inventor  Tor-     "*  *■"■"  "  f  l^a-n  carrying  two  pins  which  slide  m  those 
ricelli,  a  disciple  of  the  great  Galileo.  grooves,  and  also  the  describing  pencU.     All  the  engines 

—  m,-!.,.  ..1.L'  '<"'  turning  ovals  are  constructed  on  the  same  pnnciplei 

TonHictLiM!.  Tub,,  ,.  ih.  b.jon„,ttr  l,.bf,  b™g  .  „„,,  ,|,^  f„m„,i,;  ,he  only  difference  is,  th.t  i„  ih. 
gl.B  tub,,  op,n  .1  on.  eod,  u,J  hormetic.ll,  ...M  .t  ,„„„„,,,  ^^^^  ^„  j  ,,  .,,„,,' .„d  ibe  pencil  move,  upon 
the  Jlber,  nbooi  3  feet  lo»s  .nd  ^  of  «,  ,ncb  m  dm-    ,,  ^  .„  ,|_^  ,^^j.__^  ^„^.^^  ;^^  ,^^,^  ;^.^l_  ,^p^,.^_  ^^^ 

""^  "^'  ^        .  ,  place  of  the  pencil,  is  at  rest,  and  the  hoard  moves  against 

ToftEiCELLiAN  'Eiptrtmoit,  or  the  filling  the  baro-  i[.  ^^  ^  demonstration  of  the  chief  properties  of  these 
meter  tube,  u.  performed  by  filhng  the  Torricellian  tube  instriiinehts  by  Mr.  Ludlam,  in  the  Philos. Trans,  vol.  70, 
with  mercury,   then  stopping  the  open  orifice  with  the    p^.  37s  ^c. 

finger,  inverting  the  tube,  and  plunging  that  orifice  into  TRANSACTIONS,  PAi/o*t^Jcai,  are  a  collection  of' 
a  vewel-of  stagnant  mercury.  This  done,  the  finger  is  re-  the  principal  papen  and  matters  nsA  before  certain  phi- 
moved,  and  the  tube  sustained  perpendicular  to  the  sur-  losophical  societiei,  as  the  Royal  Society  of  London,  aiid 
lace  of  the  mercury  in  the  vessel.  the   Royal  Society  of  Edinburgh.     These 'transactions     ' 

The  consequenca  a,  that  part  erf  the  mercuiy  falls  out  contain  the  several  discoveries  and  histories  of  nature  and 
of  the  tube  into  Ihe  vewel,  and  there  remains  only  enough     art,  cither  made  by  the  membcraof  those  societies,  or 

m  the  lube  to  fill  about  30  inches  of  its  capacity,  above  communicated  by  them  from  their  correspondents,  with    . 

the  surface  of  the  stagnant  mercury  in  the  vessel ;  these  the  various  experiments,  observation*,  &c,  made  by  them,  ■ 

being  sustained  in  the  tube  by  the  pressure  of  the  atmo-  or  transmitted  to  them,  Stc.  " 

sphere  on  the  surface  of  the  staguant  mercury ;  and  ac-        The  Philos.  Trans,  of  the  Royal  Society  of  London 

cording  as  the  atmosphere  Js  more  or  less  heavy,  or  as  vvere  begun  in  l665.  by  Mr  Oldenburg,  the  then  secre- 

the  winds,  blowing  upward  or  downward,  heave  up  or  de-  tery"  of  that  Society,  and  were  continued  by  him  till  the 

press  the  mr,  hnd  so  increase  or  dimmish  its  weight  and  yuar  I677.     They  were  then  discontinued  on  h<»  death, 

spring,  more  or  leu  mercury  is  susUmed,  from  28  to  31  rill  January  1678,  when  Dr.  Grew  resumed  the  puhlica- 

inches.— TheTorncellian  experiment  constitutes  what  is  tion  of  ihem,  and  continued  itforthe  months  of  December 

now  called  the  barometer.  lg78.  and  January  wnd  February  1679,  allr  wtiich  they 

Torricellian  Faamm,  is  the  vacuum  produced  by  wereiniermitted  till  January  1(>83.  During  this  last  iaiei^ 

filling  a  lube  with  mercury,  and  when  inverted  allowing  val  theirwant  was  in  some  measure  supplied  by  Dr.Hooke's 

it  to  descend  to  such  a  height  as  is  counterbHlanced  by  Philosophical  Colli-ctions.     They  were  also  iiiierrupieil 

the  pressure  of  the  atmosphere,  as  in  the  Torriccirian  ex-  for  3  years,  from  December  l687  to  Januaiy  l6yi,  l«- 

periment  and  barometer,  the  vaduum  being  thai  part  of  sides  other  smaller  interruptions,  amounting  to  near  a 

the  tube  above  the  surface  of  the  mercury.  year  and  a  half  more,  before  October  I695,  since  which 

TORRID  Sfoae,  is  that  round  the  middle  of  the  earth,  time  the  transactions  have  been  carried  on  regularly  to 

extending  lo  33|  degrees  on  both  sides  of  the  equator.  the  present  day,  with  various  degrees  of  credit  and  merit. 

TORUS,  or  Tors,  in  Architecture,  is  a  large  round         Till  the  year  1752  these  transactions  were  published 

moulAng  in  the  bases  of  the  columns.  in  numbers  quarterly,  and  the  pnnfing  of  them  whs  ai- 

TOUCAN,  or  Amerkm  GDot,  is  sne  of  the  modern  ways  the  single  act  of  the  resifective  sccret.iries  till  that " 

Gonstellalionsof  the  seathern  hemisphere,  cousisting  of  ()  time;  but  tben^  the  Society  thc.ui^ht  fit  that  a  cummittee 

small  stars.  should   be  appointed  to  conMder  the  papers  read  b>-fi>rt> 

TRACTION,  or   Drotirir^,   is  the  act  of  a  moving  them,  aii<j  to  select  out  ot  them  such  as  they  should  judge 

power,  by  which  the  moveable  it  brought  nearer  to  the  most  prupcr  for  publicaiiun  in  the  future  trunsartioiis.  . 

mover,  colled  also  attraction.  For  this  purpise,  the  members  of  the  council,  tot  the 

Traction,  ^^^glt  of,  in  Mechanicals  the  angle  frhich  .  time  beine,  constitute  a  standing  commiitee:  thiy  nuet 

the  duectioD  of  the  pawertaalKs  with  any  uven  plane..  on  the  fii«t  Thursday  of  every  month,  and  ao  less  ihun 
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7  of  the  inemben  of  the  com 

pretideiit,  or  in  bis  «bwnce 

be  one)'  are  allowed  to  be  a  qiiorun,  capabli 

in  relation  to  such  papers;   ami  the  question  wilii  regard 

to  the  publication  o(  any  paper,  h  always  decided  by  ifae 

majority  of  votes  taken  by  balli>T. 

"Hiey  are  publislied  annually  in  two  paru,  at  fhe  ey- 
pence  of  tiic  Society  ;  and  eacb  fe|luw,  or  member,  is  en- 
titled to  receive  one  copy  gratit  of  every  part  published 
after  bis  admi^ision  into  the  Society.  For  many  years 
past,  the  collection,  in  two  parts,  bun  made  one  voiunie  in 
each  year ;  and  in  [lie  yeiir  1793  the  number  of  the  vo- 
lumes was  83,  being  10  less  than  the  number  of  the  year 
in  the  century.  Tliey  were  formerly  much  respected  for 
the  great  number  uf  excellent  papers  and  discoveries'con- 
tained  in  tbem  ;  hot  of  late  yeare  there  has  been  a  great 
falling  ofi,  anil  the  volumes  have  been  someiimes  consi- 
dered as  of  very  infeiior  merit,  as  welt  as  quantity. 

There  was  also  an  useful  abrid^tment  of  those  vo- 
lumes of  the  transactions  that  were  published  before  the 
year  1752,  when  the  Society  began  to  publish  the  trans- 
actions on  their  own  account.  Those  to  the  end  of  the 
year  1700  were  abridged,  in  3  volumes,  by  Mr.  John 
l»wtliorp:  those  from  the  year  1700  to  1720  were 
■bridgeil,  in  2  volumes,  by  Mr.  Henry  Jones:  and  those 
fiwm  1719  to  1733  were  abridged,  in  3  volumes,  byMr. 
John  Eamet  and  Mr.  John  Martyn;  Mr.  Martyn  also 
continued  the  abridgment  of  those  from  1732  10  174^  in 
S  volumes,  and  of  those  from  1744  to  1730  in  2  vularaet ; 
making  in  all  11  volumes.  But  lately  a  complete  Abridg- 
ment, ID  18  large  4to  volumes,  of  the  whole,  from  the  be- 
ginning, to  the  end  of  the  year  1800,  has  been  published 
by  Dr.  Charles  Hutton,  Dr.  George  Shaw,  and  Dr.  Richard 
PeaTton.  In  this  abridgment  all  the  papers  are  given 
in  th«r  original  order,  and  a  copiutis  index  is  added,  by 
which  is  shown  the  place  of  any  article,  either  in  the  ori- 
ginal or  in  the  abridgment.  - 

The  Hoyal  Society-  of  Edinburgh  instituted  in  1783, 
have  also  published  several  volumes  of  their  Pbiloiophical 
TransBCiiuns ;  which  arc  deservedly  held  in  the  highest  re- 
ftpect  for  (he  importance  of  their  contents. 

TheSociety  of  Arcs,  &c,  have  also  published  a  number 
of  volumes  of  transactions,  abounding  with  mechanical 


ttee  (of  which  namber  the  degrees  of  algebraic  equations,  and  then'fare  the  proSlem 
■■—president,  is  always  to  understood  in  general  of  any  number  of  parts  of  an  angle, 
or  mean  proportionals,  is  of  an  indefinite  degree,  and  tran- 
scends all  algebraical  equations. 

Others  define  transcendental  equations,  to  be  such 
fluxional  equations  tis  do  not  admit  of  fluents  in  common 
finite  algebraical  equations,  but  as  e.ipreswd  by  means  of 
some  curve,  or  by  logarithms,  or  by  infinite  scries  ;  ihus 
the  expression^  =  ^^^_  :  is  a  transcendental  equation, 
because  the  fluents  cannot  both  be  expressed  in  finite 
terms.  And  the  ecjuatiun  which  expresses  therelaiton 
between  au  arc  of  a  citcln  and  its  sine,  is  a  tranit^ndental 
equation  ;  for  Newton  has  demons  1  rat  id  that  fhis  relation 
cannot  be  expressed  by  any  finite  elarbraic  equation,  and 
thcreture  it  can  only  be  by  an  infinite  or  a  transcendental 
equation.   ' 

Jt  is  alio  usual  to  rank  exponential  equations  among 
transcendental  ones  ;  because  such  equalion*,  though  ex- 
pressed in  finite  terms,  have  variable  exponents,  which 
cannot  be  expunged  but  by  pulling  the  eqiiaiion  into 
fluxions,    or  logarithms,   ficc.      Thus,    the  exponential 


equ. 


3-  =  o  ,  gives*  X  log.  a  =  log.ji,  or  i  «  log.a  =i. 
Thansckndestal  Oirve,  in  the  Higher  Geometry,  is 
such  a  one  as  cannot  be  defined  by  an  algebraic  equa- 
tion ;  or  of  whii'h,  when  it  is  expressed  by  an  equation, 
one  of  the  terms  is  a  variable  qttaniify,  or  a  curve  line. 
And  when  such  curve  line  is  a  geometrical  one,  or  one  of 
the  first  degree  or  kind,  then  the  trauscendental  curve  i* 
said  to  be  of  the  second  degree  or  kind,  &c. 

These  curves  are  the  same  with  what  Descartes,  and 
others  after  him,  call  mechanical  curves,  uid  which  they 
would  have  excluded  out  of  geometry ;  contrary  however 
to  the  opinion  of  Newton  and  Lerbnili  (  for  as  much  as 
in  the  construction  of  geometrical  problems,  one  curve  >> 
not  10  be  preferred  to  another  as  it  is  defined  by  a  mor« 
simple  equation,  but  as  it  is  more  easily  described  than 
that  other  :  besides,  some  of  these  trauscendental,  or  rae- 
chanicnl  curves,  are  found  of  greater  ose  than  almost  all 
the  algebraical  ones. 

H.  Leibnitc,  in   the  Acta  Erudit.  Lips,  has  given  a 

_ s  and  discnveriea.    Thi-re  are  also' transactions     kind  of  transcendental  etjuaCtons,  by  which  these  tran- 

of  (he  American  Society,  of  the  Manchester  Phifosophical  sccndental  curves  are  actually  defined,  and  which  are  of 
Society,  of  the  Connectiqit  Society,  Stc.  The  Irish  Aca-  an  indefinite  d^ree,  or  are  not  always  the  same  in  every 
demy,  and  most  of  the  foreign  philosophical  societies,  point  of  the  curve.  Now  whereas  algebraists  use  to  an- 
give  to  their  trausactions  the  title  of  Memoirs.  sume  nine  gem  ral  letters  or  numbers  for  the  quantities 

TRANSCENDENTAL  Stmntities,  among  Geometri-  sought,  in  these,  transcendental  problems  Leibniti  asaumei 
cians,  are  indeterminate  ones ;  or  such  as  cannot  be  ex-  general  or  indefinite  equations  for  the  lines  sought ;  thus, 
pressed  or  fixed  to  any  constatit  equation:  such  is  a  for  example,  putting  x  and  y  for  the  absciss  and- or- 
transcendental  curve,  or  the  like.  M.  Leibniti  has  adis-  dinate,  the  equation  be  uses  for  a  line  required,  is 
sertalion  in  the  Acta  Erud.  Lip*,  in  which  he  endeavours  a  -t-  ir  -1-  cy  +  exy  •*■  fxx  •*■  gyy  &c  =  0  :  by  the  help 
to  show  the  origin  of  such  quantities;  via,  why  soma  of  which  indefinite  equi|tion,  he  seeks  for  the  tangent; 
problems  are  neither  plain,  solid,  nor  sursolid,  nor  of  any  and  comparing  that  wbic^'veaults  with  the  given  property 
certain  degree,  but  transcend  all  algebraic  equations.  He  of  tangents,  he  finds  tb^  value  of  the  ashamed  letteraa,  b, 
also  shows  how  it  may  be  demonstrated  without  calculus,  c,  &Cj  and  thus  definca  the  equation  of  the  line  sought, 
that  an  algebraic  quadratrix  for  the  circle  or  hyperbola  is  If  the  compariton  above  mentioned  do  not  succeed,  ha 
impossible :  for  if  such  a  quadratrix  could  be  found,  it  pronounces  the  lipe  sought  not  to  be  an  algebraical,  but 
would  follow,  that  by>meaiis  of  It  any  angle,  ratio,  or  loga-  a  transcendental  one.  Tifbsupposed)  he  proceeds  to  find 
rithm,  might  be  divided  in  a  given  proportion  of  qne  right  the  species  of  transcendei^ :  for  some  transcendentds 
line  to  another,  and  this  by  one  universal  constrnciiun  :  depend  00  the  general  (Kvision  or  section  of  a  ratio,  or 
and  consequently  the  pniblcm  of  the  section  of  an  aoRle,  upon  logarithms,  others  on  circular  arcs,  &c.  Here  then, 
or  (he  invention  of  any  number  of  mean  proper tiooals,  besidea  the  symbols  x  andj.^,  he  assumes  a  third,  as  c,  to 
would  be  of  a  cartaia  finite  d^ree.    Whereas  the.di&Teiit    denote  the  ttanscendentiU  quanbty ;  and  of  thew  thret 
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lie  formi  Bgeneral  equa[ionofthe1inesouglit,from  which  sumeil  quaotit;  d  =  ia.     To  take  away  the  3d  tenn, 

he  fiads  the  tangent  according  to  the  diSereDtial  methoil,  we  must  put  the  sum  of  the  coefficienti  of  that  term  k  0, 

.    which  succeeds  even  io  tran&cendental  quantities.     1'his  that  is    3d^~2ad-*-b  =  0,    or   3d*  ~  Zad   =s    —  6- 

found,  he  compares  it  wiih  the  given  properties  of  the  then  by  resolving  this  quadratic  equation,  there  is  found 

tangents,  and  so  discoven  not  only  the  values  of  a,  b,  c,  the  awumed  quantity  d  =  ia  ±  i^/^a'  —  Sb),  by  the 

&c,  but  also  the  particular  uature  of  the  traiMcendenial  substitution  of  which  for  d,  the  3d  term  will  be  taken 

quantity.  away  out  of  the  equation. 

Transcendental  problems  are  very  well  managed  by  the        In  like  manner,  to  take  away  the  4th  terra,  we  must 

method  of  fluxions.     Thug,  for  the  relation  of  a  circular  make  the  sum  of  its  coeSicients  if  —  (»/> -bM— c  =:  0- 

arc  and  right  line,  let  a  denote  the  arc,  and  x  the  versed  and  so  on  forany  other  term  whatever.     And  in  the  same 

sine,  to  the  radius  1,  then  is  a  =  fluent  of  —^ — r ;  ™*"""^  we  must  also  proceed  when  the  proposed  equation 

,  •  ■/(M-zx)  It  not  a  cubic,  but  of  any  height  whatever,  as 

Knd    if  the  ordinate  of  a  cycloid  he  y,  then  is  jr    =  ^  _  ^^-i  _^  bs'~' ^  e^-*  Itc  =  0- 

^iU—xg)  ■*■  fluent  of  -.   * .  t'*'*  "  S"'.  by  substituting  jn-  rf  for  ar,  to  be  traiuform- 

.     ,  ,    ,     ,  •/(^—^)  ed  to  this  new  equation 

Thus  IS  the  analytical  calculus  eslended  to  those  lines'  _«  ^  tiAf""'  ■*■  iflCn—  UdV"*  &cl 

which  havie  hitherto  been  excluded,  for  no  other  cause  _    ay»—  _     afn  — l)d«"~*  &c>    ™  0- 

but  that  they  were  thought  incapable  of  it.  ^     j^.-*  ^^.f  ' 

TRANSFORMATION,  in  Geometry,  is  the  changing  ^^^^^  to  take  away  the  ad  term,  we  must  make  nd  -  a 
or  reducing  of  a  figure,  or  of  a  body,  into  another  of  the  j  \       ' 

same  area,  or  the  same  solidity,  but  of  a  different  form.  —  0,  or  a  =  — ;  to  take  away  the  Sd  term,  we  must 

As,  to  transform  or  reduce  a  triangle  to  a  square,  or  ■  make  }»(«-  l)d*  —  a(»~  l)(i  ■*-  fi  =  0,  or  <f  -  — d 
pyramid  to  a  parallelupipedon.  .  " 

TKAHsroRHATiOK  of  Equatioiu,  in   Algebra,  is   the  =   —  -  ■  _     •  and  soon, 
chaneing  equations  into  others  of  a  different  form,  but  of        i-i    "'"  -   '  .l  .    .     .  i  .i    «j  .  r 

Pi  S-L-         ^.-  f.  .  Whence  It  appears  Ihal,  to  take  away,  the  2d  term  of 

eoual  value.     This  operation  la   often  necessary,   to   pre-       _  .-  '^'^      »  i  ■      i    ''         ■  p       i 

fipalin  of  which  ,r.  „  Ml„»_l.  Th^  ,iA,  of  ih.  '"'  """'  '  I""''""'  "f"'™ :  *"  '>«  *<>'  «>».  •  "l»= 

^        ^  I  .      -       1  ■  .  eouation.  ano  so  on. 

loots  of  an  equation  are  chansed,  viz,  the  p>>sitive  roots  ^.    n<  '      ...  ,  j-    j     .i  *.    i-       '         .■      i 

..     ^     J  ..  .■  ■  .         -.-  *■  To  multiply  or  divide  the  roots  of  an  equation  bv 

into  ntvative,  and  the  negative  roos  into  positive  ones,  .  .      "^   .    .       r  .-      ^  .    ' 

L        1      u       ■_    .1.  .;_»     CI..OJ  *,u       J    II  .1.      .L  any  quantity  J  or  to  transform  a  given  equation  to  another, 

bvonly  chanBina  the  signs  of  the  2a,  4tb,  and  ail  the  other  .l  ,    u  n  i        ■.         .  i  i  ■  i  ■       i 

'     .  ■'_     e.i.  .:  ..     Tk.,    .1.         .     r.i,  •■  *™'  ™*"  n"™  "s  roots  equal  to  any  multiple  or  submul- 

even  terms  of  tbeequatioD.    Thus,  the  rootsof  tbeequation  .-  >      r  ,l  f  .l  j         >.  '        m.-     ■     j 

t*_r>_]Q;r*++qi_30  =  0    are  +1    f  2   +3  -5-  "P'«  «>f  ""ose  of  the  proposed  equfciion.     This  is  done 

whereas  the  roots  of  the  same  equation  having  only  th^  ^^  ^^^^"^^  ioT  x  and  it.  power^ 

^gns  of  the  2d  and  4ih  terms  changed,  vii,  of  -~  or  py,  and  their  powers,  vii,  —  for.  x,  to   multi- 

.*H-x»-19x'-49x-30  ^  0,  ar^  -^''J'TJiVu  ply  the  rooU  by  ».;  and »  for*,  lodWide  the  roots  hyp. 

2.  To  transform  an  equation  into  another  that  shall  "^  ■'  j  >  «■  >  j  r 
have  its  roots  greater  or  leas  than  the  roots  of  the  pro-  f^^h  K>  multiply  the  roote  by  m,  substitutiog  -^  for 
posed  equation  by  some  given  difference,  proceed  as  fol-  ,  ;„  the  proposed  equation 

lows :    Let  the  proposed  equation  be  the  cubic  T*-ar'        j*  —  at—'   -i-  bx'—  &c  =s  0,  and  it  becomes 
•t-  bx—  c  ss  0;   and  let  it  be  required  to  transform  it 
into  auother,  whose  roots  shall  be  less  than  the  roots  of 

this  equation  by  some  given  difference  ef;   if  the  root  ^  or  multiply  all  by  r  . 
of  the  new  equalios  must  be  the  le^s,  take  ky  =  x  ~  d,        ^"  —  amy^-'  ■+■  bm*^-*  —  cm^-»  &c  =  0, 

and  hence  x  cay  -t-  d;  then  instead  of  x  and  its  powers  an  equation  that  has  iu  roots  equal  to  m  time*  the  root* 

substitute  y  -t-  d  and  its  powers,  and  there  will  arise  this  of  tbe  proposed  equation. 

new  equation  Id  like  manner,  substituting  jy  for  x,  in  tbe  proposed 

(a)  jr*  -*■  Sdj^  ■*■    SdSi  •*■     d' J  cquatioD,  &c,  it  becomes 

—     c  J  ao  equation  that  has  it*  roots  equal  to  those  of  the  pro- 

whose  roots  are  less  than  the  roots  of  the  former  equation  posed  equation, divided  by  p. 

by  the  difference  d.    If  the  roots  of  the  new  equation  had        Whence  it  appears,  thai  to  multiply  the  roots  of  an 

beeu  required  to  be  greater  than  those  of  the  original  one,  equation    by  any   quantity  m,    we   must   multiply    its 

we  must  then   have  substituted  y  :x  x  ■*■  d,  or  x  ^s  terms,  beginning  at  the  2d  term,  respectively  by  the  terms 

y  —  d,  ttc.  of  the  geometrical  series,  n,  ni*,  aiP,  m*,  &c.     And  to 

3.  To  lake  away  the  3d  or  any  other  particular  term  divide  the  ro«ts  of  an  equation  by  any  quantity  p,  that 
out  of  an  equation ;  or  to  transform  an  equation,  so  as  we  must  divide  its  terms,  banning  at  the  2d,  by  the  cor^ 
the  new  equation  may  want  its  fd,  or  3d,  or  4th,  in  responding  terms  of  this  series/i,  p*,^,j>*,  &c. 

term  of  the  given  equation  ^  ~  ax*  -*■  bx  —  e  si    0, '       5.  And  sometimes,    by   these  trsnifortnations,  equa* 

which  is  transforned  into  the  equation  (a)  in  the  last  tions  are  cleared  of  fractions,  or  even  of  surds.    Thus  tha 

article.     NOw  to  make  any  term  of  this  equation  (a)  equation 

vanish,  is  only  to  make  the  coefficient  of  that  term  =  0,  »r—  ax^^/p  ■*■  bx  —  Ct/p  =  0,  by  putting  jr  ^  x^p, 

which  will  form  an  equation , that  will  give  the  value  or  naltiplying  the  tenns,from  the  2d,by  thegeomelricali. 

'  of  the  assumed  quantity  rf,  so  as  to  produce  the  desired  ^^p,  pt  pVpi  i*  transformed  to 
effect,  viz,  to  make  that  term  Vknish.     So,  to  take  away  y^  —  i^  -*-  bpy  —  tp*^0. 

the  Sd  tenn,  moke  Sd  —  a  ss  0,  whick  mtket  the  as-  .    C.  An  equation,  at  «*  —  ax*  ■*■  bx'~c  s  0,  may  be 
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tnnsforroed  into  another,  whose  rooti  shall  be  th«  reci- 
procal* of  the  roots  of  the  given  equation,  bj^  substituting 
—  for  X  i  by  which  it  becomes 


TB  A 


Now  the  chief  use  of  these  conjunctions  U,  accurately 
to  determine  the  lun't  di&tance  from  the  earth,  or  hi* 
parallax,  which  auronomen  have  in  vain  attempied  to 
find  by  various  other  methods;  for  the  mioutt-ness  of  the 

J —  +  i c  =  0,   or,    mulliplyina    all    by     '^qu'S'"a"g'««*»'ly  eludes  the  nicest  instruments.     But 

y^  y"  »      ■  in  observing  the  ingresa  of  Venus  into  the  sun,  and  her 

y^,  the  mmt,  becomei  <f  -  bf]  +  fJ-  -  >   =  «■  egress  from  the  same,  the  interval  between  the  moments 

On  this  subj.-ct,  see  Newt,>n  s  Alg.  on  the  Transmuta-  of  the  internal  cont«:Is,  observed  to  a  second  of  time 
bon  of  1  ,quati<.ns ;  Maclaunn's  Algeb.  pt. «.  chap.  3  and  that  is,  to  A  of  a  second,  or  4'"  of  an  arch,  may  be  ob- 
*-     tiaiinrtenton  »  Al-.bra,  vol.  a,  pa.  687,  &c.  ,aii,ed  by  the  assistance  of  a  moderule  telescope,  atid  a 

ly,  d.notes  the  passage  of  any     pendulum  clock  that  goes  uniformly  for  6  or  8  hours. 


TRANSIT,  in  Aslr.i 


planelgjusi  before 
passing  of  a  stur  or  planet 
an  u'^lrunomical  initru.nent. 


inother  planet  or  si 


r  the 


r  the 


transit!^  i> 

The  rn 

of  lh< 
of  th< 


1,  or  before 
id  Mercury,  in  their 


app'iir  lilte  dark  speck: 
.Its  oi  Venus  vnd  Mercury  over  the  sun's  disc 
ileresdng  pheiiomenn,  nut  merely  on  account 
e  and  sin^iilur  appearance,    but  also    t>ecause  Transit 

in  determining  the  sun's  parallax,  and  thence     ^t  right  angleii  to  a  horizontal 
the  real  dimensions  of  the  earth's  orbit.     Hence  the  times    ported  that  the  lino  ofcollimt 


when  these  transits  are  to  b^teen  have  been  very  car^    of  the  meridi 


Now  from  two  siich  observations,  rightly  made  i;i  proper 
places,  the  distance  of  the  sun,  within  a  SOOtli  patp,  may 
be  certainly  concluded,  &c. — The  only  observatiooi  th^t 
have  been  made,  were  those  of  ItfSy,  1761,  aftd  1/4)9 ; 
whence  the  sun's  parallax  has  been  inferced  to  jte  S'-fi, 
See  Parallax  and  Vekus. 

JnttnuneM,  in  Astronomy,  is  a  talescope  fixed 
._!__■.  this  gjijg  being  so  sup- 
may  mpve  in  the  plane 


'.  Halley  computed  the  times  of  a 
numuer  ot  tnese  visible  transits,  for  the  17th  and  I8lh 
centuries,  which  n-ere  published  in  the  Philos.  Traus. 
No.  193,  or  my  Abridg.  vol.3,  pa. 418;  and  several 
others  have  been  since  computed.  The  following  are  the 
times  when  there  were  or  will  be  transits  of  Mercury, 
from  the  year  I7&3  to  1894  inclusive. 


1753.    - 

-     May    5 

1832    - 

-    May    5 

1755    - 

-    Nov.   6 

1835    - 

-     Nov.    7 

1769    - 

-    Nov.    9 

1845     - 

-     May    8 

1776    - 

-     Nov.    2 

1848     - 

-     Nov.    9 

1782     ■- 

-     Nov.  12 

1861     ■ 

-     Nov.  11 

1786    - 

-     May     5 

1868     - 

-     Not.    4 

1789    - 

-     Nov.    5 

1878     - 

-     May     5 

1799    - 

-     May     7 

1881     • 

-     Nov.    7 

1803    • 

-  .  Nov.    8 

1891     - 

--    May    9 

1815     - 

-     Nov.  11 

1894    • 

-     Nov,  10 

1822     - 

-     Nov.    4 

The  axis,  to  the  middle  of  which  the  telescope  is  fixed, 
should  gradually  taper  towaufs  its  ends,  and  terminate  in 
cylinders  well  turned  and  •  moot  bed  ;  and  a  proper  weigbt 
or  balance  is  put  on  tlie  tube,  so  that  it  ma^  stand  at  any 
elevation  when  the  kxis  rests  on  the  supporters.  Two  up- 
right posts  of  wood  or  stone,  titmly  fixed  at  a  propir  di- 
stance, aif  to  sustain  the  supporters  hi  this  inattunienl; 
these  suji|(orters  arc  two  'thick  brass  plates,  having  well 
smooAed  angular  notches  in  their  upper  ends  to  receive 
the  cylindricai  arms  of  the  axis;  each  of  the  notched 
plates  is  contrived  to  be  moveable  by  a  screw,  which 
slides  them  upon  the  surfaces  of  two  other  plates  im- 
moveably  fixed  to  the  two  upright  posts ;  ooe  plate  mov- 
ing in  a  vertical,  direction,  and  the  other  hori  ion  tally, 
they  adjust  the  tcieicope  to  the  planes  of  the  horitun  and 
nicridiant  to  the  plane  of  the  horizon,  by  a  spirit  level 
hung  in  a  position  parallel  to  the  axis,  and  to  ihe  plane 
of  the  pieridian  in  the  following  manner.  Observe  the 
It  appears  from  this  table,  that  the  transits  of  Mercury  times  by  the  clock  when  a  circumpolar  star,  teen  through 
always  occur  either  in  May  or  in  November;  but  most  this  instrument,  transits  both  above  and  below  the  pgte; 
frequently  in  the  latter  month;  depending  on  the  position  then  if  the  (imei  of  desciibing  the  eastern  and  we^ern 
of  the  elliptic  projection  of  Mi-rcury's  orbit  nn  the  plane  parts  of  its  circuit  be  equal,  thi  telescope  is  then  in  the 
of  the  ecliptic.  This  ellipse  is  now  so  placed,  that  it-pre-  plane  of  the  meridian  ;  otherwise  the  notched  plates  must 
sents  to  us  its  perihelion,  diiring  the  winter,  and  its  aphe-  be  gently  moved  till  the  time  of  the  star's  revolution  is 
lion  during  Ihe  summer  ;  and  as  it  isvery  cxcentric,  Mer-  bisected  by  both  the  upper  and  lower  transit^  taking  care 
cury  is  much  nearer  the  sun  in  the  month  of  November  at  the  same  time  that  Uie  axis  keeps  its  borjaonlal  posi- 
than  in  May.     Now  if  it  be  considered  that  the  luminous     tion. 

cone  formed  by  the  visual  rays,  drawn  from  the  earth  to  When  the  telescope  is  thus  adji^ted,  a  mark  roust  be 
the  sun,  is  cuniractcd  in  the  vicinity  of  the  earth,'  while  set  up,  or  made,  at  a  considerable  distance  ^the  greater 
it  is  enlan^  near  the  sun,  the  disc  of  which  serves  for  its  the  better)  in  the  horisontal  direction  of  the  intersection 
base;  Mercury  ought  therefore  to  cut  it  more  readily  of  the  cross  wires,  and  in  a*place  where  it  can  beillumi-- 
when  it  is  near  the  sun,  than  when  it  is  remote  from  it ;  nated  in  the  night-time  by  a  lanthocn  near  it,  which  mark, 
and  consequently  the  transits  uf  Mercury  ought  to  occur  biing  on  a  fixed  object,  will  serve  at  all  times  afterwards 
most  frequently  in  the  winter  part  of  the  yi-ar.  to  examine  the  position  of  the  telescope,  by  firtt  adjusting 

From  the  observations  uf  the  transit  of   Nov.  8,    1802,     the  tranverbe  axis  by  the  level. 

inli^rred  that  the  node  of  the  planet's  orbit  was  in        To  adjust  a  cluck  by   the  sun's  transit  over  the 


r  15°  5a'  56". 

Tlie  transits  of  Venus  across  the  sun's  disc  happen  much 
less  frequently  than  those  of  .Mercury,  because  Vtnus  is 
more  distant  from  the  sun.  The  followii^  are  all  that  oc- 
cur between  1631  and  2110.  , 


1631    - 

-    Dpc.  6 

1874    - 

-     Dec.     8 

1639    - 

-     Dec;  4 

1882     - 

-     Dec.     6 

1761    - 

-    June  5 

2004    - 

-    June    7 

1769    - 

-    June  3 

2109    - 

-     Dec.  10 

'  the  times  by  the  chick,  when  the  preceding  and. 
f<«lliiwiiig  edges  ot  the  sun's  limb  touch  the  cross  wires: 
the  ditference  between  the  middle  time  and  12  hours, 
shows  buw  much  (hi  nuan,  or  clock  time,  is  faster  and 
slower  than  the  appannt  or  solar  time,  for  that  day ;  to 
which  the  equation  of  timt  being  applied,  it  will  show  the 
time  of  mean  nouu  for  that  day,  by  which  the  clock  may 
be  adjusted. 
TRANSMISSION,  in  Optios^  &«,  denotes  the, property 
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cause  of  traDsiiiission,  or  ttii;  rrasnii 
ihp  rnys.  and  oth'fi 


of  a  transparent  or  tnui^lucvnt  body,  by  which  it  admiu  porn ;  as  the  attractioD  ii  very  onequnl,  ibe  reflecliont  and 

the  rays 'of  light  tn  pma  through  Jt»  ^ubiilan(;c  ;  in  which  refractions  mu^  be  very  great;  nod  therefore  the  rays 

le,  the  word  sionds  upposi^il  to  rctltrctiun. — For  tbo  will  not  be  able  to  make  their  way  through  such  bodies, 

I  why  some  bodies  but  will  be  variously  deflected,  and  at  length  quite  stop- 

lem,  si'eTKAM&PA*  ped.     See  Opacity. 

and  Opacity,— I'hr  rays  of  lijrht,  Newton  oh-  TRANSPUSMION,  jn  Algebra,  is  the  bringing  any 

serves,  are  ^ubj  ct  to  fits  of  easy  transmission  and  reflec-  term  of  an  equation  over  to  Ibe  other  side  of  it.     Thus 

tion.     Sir  Lic.iit,  and  Rkflbctiun.  if  a  +  x  ss  c,  and  we  make  x  =  c  —  a,  then  a  is  &aid 

TI1ASS>1U'1'A'I;1(;N,  orTKAKavoKUATiON.inGeo'  to  be  transposed.     Tbi»  operation  ii  to  be  performed  in 

metry,  di'noies  the  reduction  or  change  of  one  figure  or  order  to  bring  all  the  Itnown  terms  to  one  side  of  the  equa- 

butiy  into  another  of  the  same  area  or  solidity  ;  as  a  tri-  tion,  anil  all  those  that  are  unknown  to  the  other  side  of 

angle  into  a  iqudfe,  a  pyramid  into  a  cube,  &c.  it ;  and  every  term  thus  tfanspused  must  always  have  its 

Trakshutatioh,  in  the  Higher  Geometry,  has  b*en  sign  changed,  from  +  to  — ,  or  from  —  to  ■♦-  ;  which  in 

used  for  the  converting  of  a  figure  into  another  of  the  same  bet  is  no  more  than  subiractinft  or  adding  Kuch  term  on 

kind  and  order,  whose  respective  parts  rise  to  the  same  di-  both  sides  of  the  equation,    &v  Ekductiok  of  Equations. 

I   equaticm,  and   admit   the  same  tangents,  TRANSV£RS£-jJJt4,  or  Diameler,  in  the  Conic  Sec- 


&c.— If  a  reetilincal  %'ire  be  to  be  transmuted  into  ano- 
ther, it  is-tulficientthHtiheiutciMctions  of  the  hnes  which 
compose  it  be  Irannferred,  and  lines  drawn  through  the 
same  in  the  iieH"  figure.  But  if  the  figure  to  be  trans- 
muteil  be  curvilinear  the  points,  tangents,  and  other  right 
lines,  by  means  ol  which  the  curve  line  is  to  be  defined, 
luust  be  transferrHl. 

TRAN:«0M,  nmoi^  Builders,  the  piece  that  is  framed 
across  a  double  lijiht  window. 


lions,  is  the  first  or  principal  diameter,  or  axis.  See  Axis, 
Diameter,  and  Latus  THAtJSVEasuM.  fii  an  ellipse, 
the  transverse  is  the  longest  of  all  the  diameters ;  but  the 
shortest  of  all  in  the  hyperbola ;  and  in  the  paiabola  the 
diameters  are  all  equal,  or  at  least  in  a  ratio  of  equality. 
TRAPEZIUM,  in  Geometry,  a  plane  figure  of  four 
straight  sides,  of  which  the  oppusites  are  not  parallel. — > 
When  this  figure  has  two  of  its  sidts  parallel  to  each  other, 
times  called  a  trapesoid. — The  chief  properties 


TftABtOH.  among  Mathematicians,  denotes  the  vane  of  of  the  trapciium  are  as  follow:  1,  Any  thre 

a.  cros».«lal);  being  a  wooden  member  fixed  across  it,  with  trapezium  taken  ^together,  are  greater  than  the  4th  side, 

a  square  upon  which  it  slides,  &c.  —^^  The  two  diagonals  of  any  irapesium  divide  it  into 

TRANSPARlNCV,  or  Tkanskucbnct,  in  Physics,  four  proportional  triangles,  a,  A,  c,  li  ;  thatis,  the  trian- 


[)  of  all  the  four  inward 
r,  is  equal  to  4  right  ao- 


T^p"-- 


a  quality  in  ceriain  bodiesi  by  which  they  give  passage  to     gle  a  :  fr  :  : «  ;  d: — 3. 
the  ra)s  of  light.    The  transparency  of  natural  bodies,     angles,  A,  B,  c,  B,  taken  together 
as  glass,  water,  air,  &c,  is  ascribed  by  some,  to  the  great     gles,  or360*> 
Dumber  and  sise  of  the  pores  or  interstices  between  the' 
particles  of  those  bodies.     But  this  account  is  very  de- 
fective ;  for  the  most  solid  and  opaque  body  in  nature, 
that  we  kiinw  of,  contains  a  great  deal  more  of  pores  than 
it  does  matter ;  surely  a  great  deal  more  than  is  necessary 
for  the  passage  of  so  very  fine  and  subtle  a  b«dy  as  light. 

Aristotle,  Ocscariei,  &c,  make  transparency  t«  Consist  .    ,       .  -,    n    .       ■ .     ,     , . 

in  stnughtness  or  rmilineal  direction  of  th/pnres;  by  .  *'  '"  «  trapet.um  -BCD,  if  all  the  sides  be  bisected, 
meansof  which,  say  they,  tbe.aj^can  passftt^ly  through,  !"  '^«  P"'?*"  ^'^  «'  T'  "'^^""  ^'«^,  ^"""^-^  *'J'J°">- 
without  striking  against  the  solid  parte,  and  so  being  re-  1"8  ">*  P"'""/  ''""^  ■'">  "'»  ^  »  P-n»llelogram,  having 
fleeted  backag«in^  Rut  this  account,  Newton  shows,  is  ]«  °PP«'"e.idespan.ilel  tn  thecorr.*pond,ngdiagon«lsof 
imperfect ;  the  quantity  of  pures  in  all  boilies  l>eiiigsuBi- 


its  oppo8ite«ide»  parallel  tc 
:,,  ,„.  ,u.,„„,„,  p„,e..„.,.  ™,e,^,.,..„.-     llie  irapeuttn,  «d  the  are.  of  tl.e  U^nirMf^.. 
ti.n....ii  .11  Ibe  r.j!  tbat  fall  upon  then,,  howe.er     '"'"«;""  "J""  T  A'  'T  °'  ","  '"P"""»-- 
re.  be  .iluated  »itb  re.pect  to  e.eh  other.                 ':  ^'. '""'  »'  'If  «!"""•  ='  li>«  di^ooJ,  of  ,h,  „.,<s 
iium,  IS  equal  to  double  the  sum  ol  the  squares  of  the 
diagonals  of  the  parallelogram,  or  of  the  two  lines  drawn 
to  bisect  the  opposite  sides  of  the  trapezium.     That  is, 
AC*  -t-  an*  a  2eo*  +  Skh*. 
6.  In  any  trapezium,  the  sum  of  the  squares  of  all  the 
four  sides,  is  equal  to  the  si^m  of  the  squares  of  itic  two 
diagonals  together  with  4  times  the  square  of  the  line  ki 
loints.     That  is, 

_  4lK«. 

7-  In  any  trapefium,  the  sum  of  the  two  diagonals,  is 
less  than  the  sum  of  any  four  lines  that  can  be  drawn,  to 
the  r^eigbbouAood  of  p^t.  equal  in  density  with  respect  '^  '^""^  "«  «'  ^0™  any  point  within  the  figure,  be.idet 
to  each%ther,  as  these  latter 'bodies,  the  nttnwtion  b^ng  f-^  """section  of  the  d'-«onals  -8.  The  area  of  any 
eq«al  on  ever^  si.ie,  no  reflection  or  refraction  ensues :  bul  '"pe""™,  »  equal  to  half  the  rectangle  or  product  under 
the  rays  which  entered  the  first  surface  of  the  body  pro- 
ceed quite  through  it  without  Interruption,  those  few  only 
e^tcepied  that  chance  to  meet  with  the  solid  parts :  but  in 
tlM  neighbourhood  of  parts  that  differ  much  in  density, 
such  as  the  parts  of  wood  and  paper  are,  both  in  respect 
of  thenuelves  and  of  the  air,  or  the  empty  space  in  their 


those  pores  be  situated  with  respect 

The  reason  then  why  all  bodies  are  not  transparent,  is 
not  to  be  ascribed  to  their  want  of  rectilineal  p<.ires  ;  hut 
either  to  the  unequal  dcnsity.of  the  paru,  or  to  the  pores 
being  filled  with  some  foreign  matters,  or  to  their  being 
quite  empty,  by  means  of  which  the  rays,  in  passing 
through,  undergoing  a  great  variety  of  reflections  and  re- 
fractions, are  perpetu  sty  diverted  different  ways,  till  at  .  ."  ,,,, 
length  failing  in  iome  of  the  «.lid  pan.  of  the  ft.  the,  J°'"'"f  *"  ,""""=  {"' ' 
are  extinguished  and  absorbed.  '*'  "* 

Thus  cork,  paper,  wood,  &c,  are  opake;  while  glass, 
diamonds,  &c,  are  transparent ;  and  the  reason  is,  that  in 
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T  R  A                                     [    6S8    ]  T  R  A 

either  diagonal  and  the  sum  of  the  two  perpendiculars  Traverse  alio  denotes  a  wall  of  earth,  or  stone,  raiwd 

drawn  upon  a  from  tlie  iwo  opposite  angin, — 9.  The  area  tcross  a  work,  to  stop  the  shot  from  rolling  along  it. 

s>(  any  trapfEJura  may  also  be  founil  thus  :  Multiply  the  Traverse  is  also  used  for  any  retrenchment,  or  line 

two  diagonals  together,  tben  that  product,  multiplied  by  fortified  with  fascines,  barrels  or  bags  of  earth,  or  gabions, 

the  une  of  their  angle  of  interscctinn,  lo  the  radius  1  ,iviil  Travxrse,  in  Navigation,  is  the  variation  of  a  ship's 

be  the  area.     That  is,  AC    x    bd    x    sin.  z.  L  =  area,  course,  occasioned  by  the  shifting  of  lEie  winds,  or  cur- 

—10.  Thesamc  area  will  be  otherwise  found  thus  :  Square  rents,  &c  ;  or  a  traveisc  is  a  compound  course,  cuDsisting 

each  side  of  a  trapezium,  add  the  squares  of  each  pair  of  of  several  different  courses  and  distances, 

opposile  sides  together,  subtract  the  less  sum  from  the  Traverse  Sailing,  is  the  method  of  working,  or  cal- 
greater,  multiply  the  remainder  by  the  tangent  of  the  an-  ,  dilating  traverses,,  or  compound  courses,  so  as  to  bring 

gle  of  intersection  of  the  diagonals  (lo  radius  1),  and  i  them  into  one,  &c.    Traverse  sailing  is  used  when  a  ship, 

of  the  product  will  be  the  area:  that  is,  having  sailed  from  tme  port  towards  another,  whose  course 

[(aR    +  DC*)  —  (ad*+  bc')]  X    i  tang.  Z.T.  =arca.  aud  distance  from  the  former  is  known,  is  by  reason  of 

II.  The  area  of  a  trapezoid,  or  one  [hat  has  two  sides  contrary  wtnds,  or  other  accidents,  forced  to  shift  and  sail 

parallel,  is  equal  to  the  rectangle  or  product  under  the  upon  several  courses,  which  are  to  be  reduced  into  one 

sum  of  the  two  parallel  sides  and  the  perpendicular  di-  course,  in  order  to  determine,  after  so  many  turnings  and 

stance  between  them. — IS.  If  a  trapexiun  be  iuscrlbed  in  windings,  the  true  course  and  distance  made  good,  or  the 

a  circle ;  the  sum  of  any  two  opposile  angles  is  equal  to  true  point  the  ship  is  arrived  at ;  and  so  to  know  what  is 

two  right  angles  ;  and  if  the  sum  of  two  opposite  angles  the  true  distance,  and  the  new  course  to  be  steered,  la  ar- 

be  equal  to  two  right  angles,  the  sum  of  the  other  two  rive  at  the  intended  port. 

will  also  be  equal  to  two  right  angles,  and  a  circle  may  be  Td  Coiuimci  a  IVarerte.     Assume  a  convenient  point 

described  about  it ;  and  farther,  if  one  side,  as  DC,  be  pro-  or  centre,  to'begin  at,  to  represent  the  place  sailed  from, 

duced,  the  e:(ternal  angle  will  be  equal  to  the  interiorop-  From  that  point  as  a  centre,  witb  the  chord  of  60°,  de- 

posile  angle.     That  is,  (last  fig.  above)  scribe  a  circle,  which  quarter  with  two  perpendicular  lines 

^A  -«-  ^c  =  ^B  -H  Z.a  =  2  right  angles,  intersecting  in  the  centre,  one  to  represent  the  meridian, 

and  Z.A  =  /.BCF.  or  north-and-iouth  line,  aud  the  other  the  east-and-West 

13.  If  a  trapezium  be  inscribed  iu  a  circle;  the  rect-  line.  From  the  intersections  of  these  lines  with  the  cir- 
angle  of  the  two  diagonals,  is  equal  to  the  sura  of  the  two  c)e,  set  aS  upon  the  circumference,  the  arcs  or  degrees, 
rectangles  contained  under  the  opposite  sides.  That  is,  taken  from  the  chords,  for  the  several  courses  that  have 
AC  X   Bi>  ^  AE  X   DC  +  AD  x   Bt.  been  sailed  upon,  markingthe  points  they  reach  to,  in  the 

14.  If  a  trapeeium  be  inscribed  in  a  circle ;  its  area  circumference,  with  the  figures  for  the  order  or  number 
may  be  found  thus  :  Multiply  any  two  adjacent  sides  to-  of  the  courses,  I,  S,  3,  4,  &c  ;  and  from  the  centre  draw 
gether,  and  the  other  two  sides  together ;  then  add  these  lines  to  these  several  points  in  tBe  circumference,  or  con- 
two  products  together,  and  multiply  the  sum  by  the  sine  teive  them  to  be  drawn.  On  the  first  of  these  lines  lay 
of  the  angle  included  by  either  of  the  pairs  of  aides  that  off  the  first  distance  sailed ;  from  the  extremity  of  this 
are  multiplied  together,  and  half  this  last  product  will  be  distance  draw  a  line  parallel  to  the  second  radius,  or  line 
the  area.  That  is,  the  area  is  equal  either  drawn  in  the  circle,  upon  which  lay  off  the  3d  distance ; 
to  (ab  X  AD  -t-  CB  X  CD)  X  I  sin.  £.A  or  Z.c,  through  the  end  of  this  2d  distance  draw  a  line  parallel 
or  (ab  X   Bc  -H  AD  X   Dc)  X   }sin.  ^B  or  ^d.  to  the  3d  radius,  for  the  direction  of  the  3d  course,  and 

15.  Of,  when  the  trapezium  can  he  inscribed  in  a  circle,  on  it  lay  otT  the  3d  distance  ;  and  so  on,  through  all  the 
the  area  may  be  otherwise  found  thus:  Add  all  the  four  courses  and  distances.  This  doue,  draw  a  line  from  the 
sides  together,  and  take  half  the  sum  ;  tben  from  this  half  centre  to  the  end  of  the  last  distance,  which  will  be  the 
sum  subtract  each  side  severally  ;  multiply  the  four  re-  whole  distance  made  good,  and  it.  will  cut  the  circle  in  a 
mainders  continually  together,  and  the  square  root  of  the  point  showing  the  course  made  good.  Lastly,  draw  a  line 
last  product  will  be  the  area.  from  the  end  of  the  last  distance  to  the  point  representing 

10.  Lastly,  the  area  of  the  trapezium  inscribed  in  a  ^the  port  bound  to,  and  it  will  show  the  distance  and  couraa 

circle  may  be  otherwise  found  thus :  yet  to  be  sailed,  to  gain  that  port. 

Pdtm  =  AB   X   BC  -«-  AD   X   DC,  TO  vxxk  a  Troverte,  Of  lo  conpait  it  ly  the  Trmerte  TMt, 

n  ^  BA  X    AD  -<-  EC  X   CD,  qf  DifferetKC  qf  latitude  and  Departure. 

p  =  AB  X    DC  -t-  AD  K   BC,  Hake  a  little  labtet  with£  columns;  the  1st  for  the 

r  =  radius  of  the  circumscribing  circle,  courses,  the  Sd  for  the  distances,  the  3d  for  the  northing, 

fhen  i/mp  -~  ^r  =  the  area  of  the  trapezium.  the  4th  for  the  southing,  the  5th  for  the  easting,  and  the 

TRAPEZOID,  sometimes  denotes  a  trapetium  that  has  €th  for  the  westing;  first  entering  the  several  courses  and 

two  of  its  udes  parallel  to  each  other ;  and  sometimes  an  distances,  in  so  many  lines,  in  the  1st  and  Sd  columns. 

irregular  solid  figure,  having  four  sides  not  parallel  to  each  Then,  from  the  traverse  table,  take  Out  the  quantity  of  the 

other.     See  Trapezium.  northings  or  southings,  and  eastings  or  nestings,  answering 

TR.WERSE,  in  Gunnery,  is  the  turning  a  piece  of  ord-  to  the  several  given  courses  and  distances,  entering  them 

notice  about,  as  upon  a  centre,  to  make  it  point  in  any  on  their  corresponding  lioes,and  in  the  proper  colummof 

particular  direction.  easting,  westing,  northing  and  southing.     This  done,  add 

.  Traverse,  in  Fortification,  is  a  trench  with  a  little  pa-  up  into  one  sum  the  numbers  in  each  of  these  last  four 

.    iRpet,  sometimes  two,  one  on  each  side,  to  serve  as  a  cover  columns,  which  will  give  four  sums  showing  the  whole 

ijrum  the  enemy  that,might  come  in  flank.  quantity  of  easting,  westing,  northing,  and  southing  made 

Traverse,  in  a  wet  foas,  is  a  kind  of  g^lery,  made  by  good  ;  then  take  the  difference  between  the  whole  easting 

Arowjng  saucssons,  JDisis,  fascines,  stones,  earth,  &c,  and  westing,  and  also  between  the  northing  and  southing, 

into  the/oss,  opposite  the  place  where  the  miner  is  to  be  so  shall  these  show  the  spaces  made  good  in  these  two  di- 

put,  in  order  to  iiU  up  the  ditch,  and  makcapaasageoverit.    rections,  viz,  east  or  west,  and  norlb  or  south;  which  being 
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THA  t    «»    5  »»A 

f  ompared  with  the  gTren  dtfcrence  of  latinde  bihI  depart-    Monnnt  how  mray  glaSMi,  thai  i*  half  hoais,  the  slip 
ture,  wilt  show  iboie  yet  to  be  obtained  in  sailing  to  the    steers  upon  any  point. 

desired  port,  and  thence  the  course  and  distance  to  it.  TKAVERHK-7b6&,  in  Navigation,  b  the  sftme  with  a 

Example.  A  ship  from  the  latitude  28°  SQ^  north,  bound     table  of  difference  of  latitude  and  departure ;  beii^  (fae 


a  port  distant  100  miloti,  and  bearing  wE  by  v,  has  i 
the  ftfliowing courses  anil  distances,  viz,  1st,  irw  by  h  dist. 
'  SO  miles ;  '2d,  svr  40  milei ;  3d,  ne  by  e  60  miles ;  4th, 
SE  55  miles;  5th,  w  by  s  41  miles;  6th,  en  E  66  miles. 
Required  her  present  latitude,  with  the  direct  coui^e  and 
distauce  made  good,  and  those  for  the  port  bound  to.. 


diSert'HCe  of  latitude  and  departure  ready  calculated  ti 
every  point,  half  point,  quarter  point,  degree,  5ic,  of  the  ' 
quadrant ;  and  for  every  distance,  up  to  50  or  100  or  120, 
&c.  Though  it  may  lervfi  fur  any  greater  distaace  what 
ever,  by  adding  two  or  more  together;  or  by  tokittg  their 
halves,  third),  fourths,  &c,  and  then  doubling,  tripling, 


The  numbers  being  taken  out  of  the  traverse  table,  and    quadrupling,  &c,  the  diReretice  of  latitude  and  departure 
'      '  '  '  ""  '     '        found  to  those  parts  of  the  distance. 

Thi:i  table  is  one  of  the  most  necessary  and  useful  things 
a  navigator  has  occasion  for;  fur  by  it  fae  can  readily  re- 
duce  all  his  courses  and  distances,  run  in  tfce  space  of  34 
bouts,  into  one  course  and  distance  ;  whence  ho  finds  the 
latitude  be  is  in,  aud  the  departure  from  the  meridian. 

One  of  the  best  tables  of  tbis  kind  is  in  Roberteon's  Na- 
vigation, at  the  end  of  book  7,  vol.  1,  The  distances  are 
tliere  carried  to  120,  for  the  sake  of  more  easy  subdivi- 
sions i  and  it  is  divided  into  two  parts  ;  the  first  contain* 
ing  the  course*  for'  every  quarter  point  of  the  compass, 
and  the  2d  adapted  to  every  15',  or  quarter  of  a  degree, 
i[\  the  quadrant.     See  TaAVERSE  Saiting. 

t.  specimen  of  such  a  traverse  table  is  the  following, 
otherwise  called  a  table  of  difference  of  latitude  and  de- 
where  the  sums  of  the  northii^  and  southings,  being  botfc  parture.  The  distances  are  placed  at  top  and  bottom  of 
alike,  75-2,  shows  that  the  ship  is  come  to  the  same  paral-  the  columns,  from  1  to  10;  but  may  be  extended  to  any  , 
iel  of  latitude  she  set  out  from.  And  the  difference  be-  quantity  by  multiplying  the  parts,  and  taking  out  at  seve- 
tweea  the  sums  of  the  eastings  and  westings,  shows  that  "I  times.  The  courses,  *ir  an^  of  a  right-angled  tri- 
the  ship  is  70-2  miles  more  to  the  eastward,  that  beii^  the  *'*1«>  "«  '"  "  «olumn,  on  both  aides,  each  in  two  parts 
greater.  Consequienlly  the  course  Kfade  good  ii  due  east,-  ^^^  ""^  containing  the  even  opints  and  quarter  points,  and 
and  tha  distance  is  70-8  miles.  ,  ^   the  other  whole  degrees,  as  p  as  to  45%  or  half  the  qua- 

Bul,  by  the  traverse  Uble,  the  northing  and  easting  to    drant,  on  the  left-hand  side,  and  the  other  half  (foadrant, 
the  propoMd  course  k  b  ^.y  k,  and  distance  100,  aretbus,     ffom  ♦5°  «  90°.  returned  upwards  from  bottomlo  lop  on 
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vis,  northing  83'1  and  easting  55*6 
diff.  Irom  made  good  0  and  easting  70*2 
give  •  -  northing  83  I  aad  westing  14'6 
yet  to  be  made  good  to  arrive  atihe  intetidcd  port;  and 

therefore,  by  finding  these  in  the  traverse  table,  answering        „.,  .,  ,     .  ,      ,, 

to  them  are  the  intended  coarse  and  distance  vi.,  distance         \^^  »*"«  ?''''",  **"«*  "'"P  ^  ^^'^  *"  *^^ 
85.  and  course  s  10»  w.    .  angled  triangles,  for  any  other  puyowa.     For 

The  geometrical  construction,  according  to  the  method    ^"PP?"  "  *"*" ' 

before  described,  gives 
the  figure  annexed : 
where  a  is  the  port 
sailed  from,  B  ii  the 
port  bound  lo,  c  is  the 
place' come  to,  by  sail- 
ing the  several  courses 
and  distances  Aa,  ab, 
be,  ed,  de,  and  re )  then 
CB  is  the  distance  to  be 
sailed 

or  direct ioD 
me  rid  i 

inglf  ACS,  made 
with  the  east-and-wett  line,  nearly 
from  the  centre  to  the  several  pointsi 
Qilted, 


ed  to  arrive  at  the  i^""^   A 

t  B,  and  its  course,  "^i 

direciioD  with  the  -    V 

ridian,isHearlylO°,  ^-^..^ 


the  right-hand  side.  The  Corresponding  difference  of  !»• 
(itude  and.  departure  are  in  two  columns  bttow  or  abon 
Ae  distances,  vis,  below  them  when  the  course  or  an^e  it 
within  45°,  or  fdi^odon  the  left-hand  side;  but  above  them 
between  45  and  90°,  or  found  on  the  right-hand  side. 
The  same  table  serve*  also  to  work  all  cases  of  right- 

.  .  .«»pi., 

be  15  ,  and  distance  35  miles,  to 
find  the  correspooding  difference  of  latitude  and  t)»c  de- 
parture :  Or,  in  a  right-angled  triangle,  given  the  hypotbe- 
nuse  35,  and  one  angle  15°,  to  find  the  two  legs. — Here, 
the  distance  3  ia  the  table  must  be  accounted  30,  moving 
the  decimal  point  proportionally  or  one  place  in  the  other 
nurabrrs;  and  those  numbers  taken  out  at  twice,  via,  once 
from  the  columns  under  3  for  the  30,  and  the  other  from 
tha  columns  under  the  distance  5.  Thus,  on  the  line  pf 
15°,  and  under  the 

i>u(.         I^t.  Dep. 

30  are  38^78  and  7-765 

J  ate     4-830  and  1-894 

therefore  for 


35  are  33 '808  and  0059 

So  that  the  other  two  legs  of  the  triangle  are  33-608  and 

9*059.     If  the  course  had  been  75",  or  the  complement 

". — N^e,  the  radii     of  the  fanner,  which  is  only  the  other  an^e  of  the  same 

the  circumference,     triangle,  and  which  is  fsund  on  the  same  line  of  the  table, 

prevent  a  confusion  in  the  Sgure.  but  on  the  right-hand  side  of  it ;  then  the  numbers  in  the. 

TBAVEasE-£oarf/,  in  a  ship,  a  small  round  board,  hang-     columns  will  be  the  same  as  before,  and  will  give  the  same 

ing  up  in  the  steerage,  and  pierced  full  of  holes  in  lines    sums  for  the  two  legs  of  the  triangle,  only  with  the  con-' 

showing  the  points  of  the  compass :  upon  which,  by  mov-_  trary  names,  as  to  latitude  and  departure,  which  change 

ing  a  small  peg  from  hole  to  hole,  the  steenman  keeps  ao    places. 
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8-2219 

3  6606 

9J355 

4-0674 

66 

25 

5-4376 

2-5357 

6  3442 

2  9583 

7-2505 

3-3809 

8-1568 

3-8036 

9-0631 

4-2262 

65 

2} 

5-4239 

2-5653 

6  3279 

2-9929 

7-2319 

3-4204 

8-1359 

3-8480 

9^399 

4-2756 

Si 

26 

5-3928 

2-6302 

6  2916 

3  0686 

7-1904 

3-5070 

30891 

3-9453 

8-9879 

4-SB37 

64 

27 

5  3460 

2-7239 

6-2370 

3-1779 

7-1280 

3-63I9 

8-0191 

40859 

8-9101 

4-5399 

63 

28 

5-2977 

2-8168 

6-1806 

3-2863 

7  0636 

3-7558 

7-9465 

4-^252 

8-8295 

4-69+7 

62 

2i 

5-2915 

2-8284 

6-1734 

3-2998 

70554 

3-7712 

7-9373 

42426 

8-8192 

47140 

Si 

29 

5-2477 

2-9089 

61223 

3-3937 

6-9970 

3-8785 

7  8716 

4-3633 

87462 

4-8481 

61 

30 

5-1961 
5-1464 

3-0000 
3-0846 

6  0622 
6"0^ 

3-5000 
35987 

6-9282 
6-B6i8 

4-0000 

7-7942 
7-71 U6 

4-5000 
4-6269 

8-6603 

5-0000 

60 

TT 

4-1128 

8-5773 

5-1410 

■JT 

31 

5- 1430 

30902 

60002 

3-6052 

6  8573 

4-1203 

77145 

4-6353 

8-5717 

5-1504 

59 

32 

5-0833 

31795 

5-9363 

3-7094 

6-7843 

4-2394 

7-6324 

47093 

8-4805 

5  2992 

56 

33 

5  0320 

3-2678 

5-8707 

3-8125 

6-7094 

4-3571 

7-5480 

4-9018 

8-3867 

a-4464 

57 

3 

4-9888 

3  3334 

58203 

3-8890 

6-6518 

4-4446 

7-4832 

5-0001 

8-3147 

5-5557 

5 

S* 

4-9742 

3-3552 

5-8033 

3  9144 

66323 

4-4735 

7-4613 

5-0327 

8-2904 

5:5919 

56 

33 

4-9149 

3-4415 

5-7341 

4-0150 

65532 

4-5880 

7  3724 

5-1622 

8  1915 

5-7358 

55 

36 

4-8541 

3-5267 

5-6631 

4-1145 

6-4721 

4-7023 

7-2812 

5-2901 

8-0902 

5-8779 

54 

■  3f 

43192 

3-5742 

5-6224 

4-1699 

6  4257 

4-7656 

7-2289 

5-3613 

8  0321 

5-9570 

** 

37 

38 

4-7918 
4-7281 

3-6109 
3-6940 

5-5904 

4-2 127 

■  4-3096 

6  3391 

6-3041 

4-8145 

4-9253 

7-1877 
7  0921 

5-4163 

7  986t 
7-8801 

6  0182 

53 
52 

5-5wy 

6-1500 

33 

4  6629 

3-7759 

5+4O0 

4-^52 

6-2172 

5-0346 

6-ii943 

5-6039 

77715 

B-2932 

51 

Si 

4-6381 

S-806t 

5-4111 

4-4408 

6-1841 

5-0751 

6  9571 

57095 

77301 

6-3439 

*i 

40 

4-5963 

3-8507 

5'3623 

4-4995 

6-1284 

5-1423 

6-8944 

57851 

7-6604 

0-4279 

50 

41 

4-5283 

3-9363 

5-2330 

4-5924 

60377 

5-2435 

67924 

S9045 

7-5471 

6-5606 

19 

42 

4-4539 

4-OI48 

5-2020 

4-6839 

5-9452 

5  3530 

6-6883 

6  0222 

7-4314 

6-6913 

48 

3  J 

4-4457 

4-0294 

5-1867 

47009 

5-9276 

5-3725 

6-6680 

6-044O 

7-4095 

67156 

*i 

43 

4-3381 

40920 

5-1195 

47740 

.5-8iOB 

5-4560 

6-5822 

6- 1381) 

7-3135 

6-8200 

47 

44 

43160 

41679 

5-0354. 

4'862a 

5-7547 

9-5573 

6-4741 

6-2519 

7-1934 

6-9466 

46 

* 

45 

4-2426 

4-2426 

4-9407 

4-9497 

5-6509 

5  6569 

6-3f)40 

6  3640 

7-0711 

7-0711 
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TREBLE,  in  Murie,  the  fat^ettsr  antnt  of  (be  fmtr 
parts  in  symphony,  or  di&t  which  is  he&ri  ibe  clearest  and 
shrillnt  in  K  concert,  in  die  tike  tense  wc  say,  a  treble 
violin,  treble  hautboy,  tec.  fn  vscal  music,  the  treble  is 
usually  committed  to  boys  and  girts;  their  proper  part 
being  the  treble.  Tbe  tittble  is  divided  into  first  or  highest 
treble,  and  iecond  or  bass  treble.  Tbe  half  treble  is  the 
■ame  with  the  counter-tenor. 

TRENCHES,  in  Fortification,  are  ditches  which  the 
besiegers  cut  Jp  ^pruacb  moK  securely  to  the  place  at- 
tacked ;  whence  they  are  called  lines  of  approach.  Their 
breadth  is  S  or  10  fitet,  and  dfpth  6  or  7.— They  say, 
mount  the  trenches,  that  is,  go  upon  duty  in  them.  To 
relieve  the  trenches,  is  to  relieve  such  us  have  been  upon 
duty  tliere.  The  enemy  is  said  to  have  cleared  the  trenches, 
nhen  he  has  driven  away  or  killed  the  soldiers  who  guarded 
them. 

Tot/^fAeTRSNCU,  u  the  place  where  it  was  begun. 
And  tbe  Awi  n  the  place  where  it  ends. 

Opening  qfl the  Trkucve^,  is  when  the  besiegers  first 
bc^in  to  work  upon  them,  or  to  make  them;  which  is 
usually  done  in  the  sight. 

TREPIDATION,  in  the  ancient  astronomy,  denotes 
what  was  called  a  libration  of  the  S<li  sphere ;  or  a  mo- 
tion which  the  Ptolemaic  syitem  attributed  to  the  firma- 
ment, to  accourit  fur  certain  almost  insensible  changes  and 
motions  observed  in  the  axis  of  the  world ;  by  menns  uf 
which  the  latitudes  of  the  fixed  stars  cume  [o  be  gradually 
changed,  and  (be  ecliptic  appears  to  approRch  recipruceilly, 
first  towards  one  pole  and  then  towards  the  other. — This 
motion  is  also  called  the'motkio  of  the  first  libration. 

TRET,  in  Copunerce,  is  au  allowance  made  for  tbe 
waste,  or  the  dau,  that  may  be  mixed  with  any  commo- 
dity ;  whiclk  is  always  4  pounds  on  every  104  pounds 
weight.     SeeTARB, 

TRIANGLE,  in  Geometry,  a  figure  bounded  or  con- 
tained by  three  lines  or  s^es,  autl  which  consequently  has 
three  angles,  whence  the  figure  t^es  its  name. 

Triangles  arc  either  plane  or  ^herical  or  curvilinear. 
Plane  when  the  three  sides  of  the  Iriangle  are  right  lines ; 
but  spherical  when  some  6i  all  of  them  are  arcs  of  great 
circles  on  tbe  sphere. 

Plane  triangles  take  several  denomi nations,  both  from 
tbe  relation  of  their  angles,  and  of  their  sides,  as  below. 
And  lit  with  regard  to  the  sides. 


/X. 


An  Equilateral  l^ngle,  is  that  which  has  «U  its  three 
sides  equal  (o  one  another ;  as  a. 

An  boacelei  or  Eguiemral  Triangle,  it  that  which  has 
two  sides  equal ;  as  b. 

A  Scalent  THangle  ha>  all  its  Mdes  anequal ;  at  c. 

Again,  with  respect  to  the  kvgles. 


A  Rectangular  or  Ri^l-angled  THangle,  k  that  which 
has  one  right  angle;  as  d. 

An  OUiqae  TrioMgle  a  that  wfascb  has  m  rigbi  angle, 
but  all  oblique  ooei;  as  z  or  r. 


Ad  Acatrnftidar  or  Osj/gaie  JHm^k,  is  that  whicb 
bat  three  acute  angles ',  bs  k. 

An  Obttaangaiar  or  Ambfygme  IViimgU,  is  that  which 
hat  an  obtuse  angle;  as  v. 

A  CuniltTuar  or  CuTvihfieal  TritagUf  is  one  that  has  all 
its  three  sides  curve  lines. 

A  MixtUinear  TriangU,  is  one  that  has  its  tides  some  of 
them  curves,  .tnd  some  rigfat  Unet. 

A  Spherical  TViangle  is  one  that  has  its  tides,  or  at  least 
some  of  tbem,  arcs  of  great  circles  of  the  sphere. 

Smilar  Triaaglei  are  such  as  have  the  angles  in  dieon» 
equal  to  the  angles  in  the  other,  each  to  each. 

The  Bate  of  a  triangle,  is  any  side  on  which  a  perpen- 
dicular ia  drawn  from  the  opposite  angle,  called  the  ver- 
tex :  and  the  two  sides  about  the  perpend  icular^  or  the- 
vertex,  arc  called  the  legs. 

The  chief  properties  of  plane  triaagks,.  are  as  follow,, 
via,  In  any  plane  triangle, 

I.  llie  greatest  side  is  opposite  to  the  greatest  angle,, 
and  the  least  side  to  the  least'  angle,  &c.  Also,  if  two 
sides  be  equal,  their  opposite  angles  are  equal  ;  and  if  the 
triangle  be  equilateral,  or  have  all  its  sides  equal,  it  will 
also  be  equiangular,  or  have  all  its  angles  equal  to  one 
another. — 2.  Any  bide  of  a  triangle  it  less  than  the  sum, 
but  greater  than  the  difference,  of  the  other  two  sides.— 
3.  The  sum  of  all  the  three  angles,  taken  together,  is  equaL 
to  two  right  angles. — 4.  If  oite  side  of  a  triaii°le  be  pro- 
duced, the  external  angle,  made  by  it  and  the  adjacent 
side,  is  equal  to  the  sum  of  the  two  opposite  intcrnat-anglik 
•^5.  A  line  drawn  parallel  to  one  side  of  a  triangle,  cuts 
the  other  two  sides  proportionally,  the  corresponding  ieg- 
ments  being  proportional,. each  to  each,  and  to  (he  whole 
sides  ;  and  the  triangU  cut  off  t»  tinulai  tu  the  whole  tti- 
angle. 

If  a  perpeni^euhr  be  let  fkll  hoK  any  an^e  of  a  iri- 
angle, as  a  vertical  angle,  upon  the  opposite  side  as  a  base  ;. 
then,  6.  Hie  rectangle  of  the  sum  and  difference  of  the 
sides,  is  equal  to  twice  the  rectangle  of  the  base  and  (he 
distance  of  the  perpendicular  from  the  middle  of  the  base. 
— Or,  which  is  the  same  thing  in  niber  words,  7-  The  dif- 
ference  of  the  squares  of  the  sides,  is  equal  to  the  differ- 
ence of  the  squares  of  the  segments  of  the  base.  Or,  at 
the  base  is  to  the  sum  of  the  sides,  so  is  the  difference  of 
the  sides,  to  the  difference  of  the  segments  of  the  base.— 
S.  The  rectangle  of  the  legs  or  sides,  is  equal  to  the  recf~ 
angle  of  the  perpendicular  and  the  diameter  of  the  circum- 
■crihing  circle. 

If  a  line  be  drawn  bisecting  any  Mgle,  to  the  base  or  op-- 
posite  side  ;  then,  9.  The  segments  of  the  base,  made  by 
the  line  bisecting  the  opposite  angle,  arc  proportional  to 
the  sides  adjacent  to  them.— 10.  The  square  of  the  line 
bisecting  the  af^gle,  is  equal  to  the  difference  between  the 
rectangle  of  the  sides  and  the  rectangle  of  the  segments  o£ 

If  a  line  be  drawn  from  any  angle  to  the  middle  of  the 
opposite  side,  or  bisecting  the  base ;  then,  11.  The  sum  of 
the  squares  of  the  sides,  is  equal  to  twice  the  sum  of  the 
squares  of  half  the  base  and  the  line  bisecting  the  base. — 
13.  The  angle  made  by  the  perpendicular  from  any  angle 
and  the  line  drawn  from  the  same  angle  to  the  middle  of 
the  base,  is  equal  to  half  the  difference  of  the  angles  at  the 
base. — 13.  If  through  any  point  i>,  within  a  triangle  abc, 
three  lines  XP,  on,  IK,  b«  drawn  parallel  to  the  threa 
aides  of  tbe  triangle;  the  continual  products  or  solids  mada 
by  Ibe  albenat*  aegoteBtt  of  theae  liies  will  be  equal  ^  vit. 
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14.  If  thre«  lines  al,  bh,  cm,  be  drawn  from  the  three 
angles  through  any  point  a  within  a  triangle,  to  the  op- 
posite sides ;  the  solid  products  of  the  alternate  segments 
of  the  sides  are  equal ;  vii, 


reniaindera  and  the  balf  sum  continttally  tagethar ;  tben 
the  square  root  of  the  iHst  product  will  be  the  area  of  the 
triangle. — 30.  In  a  right-angled  triangle,  if^a  perpendicu- 
lar be  let  fall  from  tlic  right  angle  upon  the  hypuihenuse, 
it  will  divide  it  into  two  other  triangles  similsr  to  each 
ether,  and  lo  the  whole  triangle. — 3l.  In  h  right-angled 
triangle,  the  square  of  the  hypothcnuse  is  equal  to  the  sum 
of  the  squares  of  the  two  sides;  and,  in  gencraV,  any  figure 
dascribed  on  llie  liypothcnusc,  is  equal  tu  ihc  sum  of  two 
similar  figures  described  on  the  two  sides.~3?.  In  an  iso- 
sceles t[ian;^le,  if  a  line  be  drawn  from  tlic  vertex  lo  any 
point  in  the  baEe;  the  si|UHre  of  that  line  logpilicr  with  the 
rectangle  of  the  segmonls  of  the  base,  is  equal  lo  the  squi 


15,'Three  lines  drawn  from  the  three  angles  o 

angle  to  bisect  the  opposite  sides,  or  to  the  middle  of  the  of  one  of  the  equal  sidi^. — 33.  If  one  angle  of  a  triangle 

opposite  sides,  do  al)  intersect  oae  another  in  the  same  be  equal  to  )30° ;  the  square  of  the  base  will  be  equal  to 

point  D,  and  that  point  is  the  centre  of  gravity  of  the  tri-  the  square*  of  both  the  sides,  together  with  the  rectangle 

angle,  and  the  distance  ad  of  that  point  front  any  angis  of  those  sides;  and  if  those  sides  be  equal  to  each  other, 

I,  is  equal  to  double  the  distance  di.  from  the  oppo^iie  then  the  square  of  the  base  uill  be  I'qual  to  thi 


side  ;  or  one  segment  of  any  of  these  lines  is  double  the 
other  segment :  moreover  the  sum  of  the  squares  of  the 
three  bisecting  lines,  is  ^  of  the  sum  of  the  squares  of  the 
three  sides  of  the  triangle. — 16.  Throe  perpendiculars  bi- 
secting the  three  sides  of  a  triangle,  al)  intersect  in  one 
point,  and  that  point  is  the  centre  of  the  circumscribing 
circle. — 17.  Three  lini^s  bisecting  the  three  angles  of  a  tri- 
angle, all  jritersect  in  one  point,  ami  that  poial  is  the  cen- 
tre of  the  inscribed  circle. — 18.  Three  perpendiculars 
drawn  from  the  three  snales  of  a  triangle,  upon  the  oppo- 
'  sile'sides,  all  iuter^ect  in  one  point. — 19-  If  the  three  an- 
gles of  a  triangle  be  bisected  by  the  linet  aV,  bd,  cd 
(3d  fig.  above},  and  any  one  as  bd  be  continued  to  the  op-  several 
posiie  side  ato,  and  dp  be  drawn  perp.  to  that  side;  then     properti 

is    Z.ADO  =    ^CDP,  or  Z.ADP    =    iCDO. 

20.  Any  triangle  may  have  a  circle  circumscribed  afao)it 
it,  or  touching  all  its  angles,  and  a  circle  inscribed  within 
it,  or  touching  all  its  sides.— 31.  The  square  of  the  side 
of  an  equilateral  triangle,  is  equal  to  3  times  the  square  of 
the  radius  of  its  circumscribing  circle, — 22.  If  ihe  three 
angles  of  one  triangle  be  equal  to  the  three  :ingW  of  ano- 
ther triangle,  each  to  each  ;  then  those  twi>  triangks  are 
similar,  andlheir  likesidesare  proportional  to  one  anoiherr 
and  the  areas  of  the  two  triangles  are  to  each  other  as  the 
squares  of  their  like  tides. — S3.  If  two  triangles  have  any 
three  parts  of  Ae  one  (except  the  three  angles),  equal  ta 
three  corresponding  parts  of  the  other,  each  lo  each  ;  those 
two  triangles  are  not  only  simila'r,  but  also  identical,  or 
kaving  all  their  six  currrspondii^  parts  equal,  and  their 
arvBs  also  equal. — 24.  Tiiengles  standing  on  the  sanie  base, 
and  between  the  same  parallcisi  are  equal  ;  and  Irianglet 
on  equal  bases,  and  having  equal  altitudes,  are  equal.--— 
is.  Triangles  on  equal  bases,  are  to  one  another  as  their 
attitudes:  and  triangles  of  equal  altitudes,  are  to  one 
another  as  their  bases;  also  equal  triangles  have  their 
bases  and  altitudes  reciprocally  pmpOFtional. — 36.  Any  . 
triangle  is  equal  to  half  its  circumscribing  paTallelograin,^ 
or  half  the  parallelogram  on  the  same  or  an  equal  base, 
and  of  the  same  or  equal  altitude. — 37-  Therefore  the  area 
ef  any  triangle  is  found,  by  multiplying  the  base  by  the 
altitude,  and  taking  half  the  product.-~26.  The  area  ia 
also  found  thus :  Multiply  any  two  sides  together,  and  mul- 
tiply the  product  by  the  sine  of  their  included  angle,  to 
ndias  1,  and  divide  by  2. — 39.  The  area  is  alio  otherwisa 
found  thus,  when  the  three  sides  are  given :  Add  the  three 
■ides  together,  and  take  half  their  sum  ;  then  from  this  half 


side,  or  equal  to  12  times  the  square  of  the 
perpendicular  from  the  angle  upon  the  basf.-^Si.  In  the 
same  triangle,  viz,  having  one  angle  equal  to  190°;  ^he 
difference  of  the  cubes  of  the  sides,  about  that  angh>,  il 
equal  to  a  solid  contained' by  the  difference  of  the  sides 
and  the' square  of  ihe  base;  and  the  sum  of  the  cubes  of 
the  sides,  is  equal  to  a  solid  ^mtained  by  ihe  sum  of  the 
sides  and  the  difference  between  the  square  of  the  base  and 
twice  the  rectangle  of  the  sides. 

There  arc  mnny  other  properties  of  triangles  to  be  found 

in  the  geomeiricsl  writings;  indeed  Gregory  St. Vincent 

has  written  a  folio  volume  upon  triangles;   there  are  also 

■  ■    his  quadrature  of  Ihe  ^circle.     See  also  other 

under  the  article  Trioonohgtbt,  and  under 

KioiiT-^np/cd  THoniffc- 

Solution  ^TTki ANCLES.    See  TaiaoiioaETRT. 

TntAHGLE,'in  Astronomy,  one  of  the  48  ancient 
constellations,  situated  in  the  northern  hemisphere.  There 
is  also  the  southern  triangle  in  the  southern  hemisphere, 
which  is  a  modern  constellation.  The  stars  in  the  northern 
triangle  arc,  in  Ptolemy's' catalogue  ♦,  in  Tycho's  4,  ia 
Hevelius's  l!2,aDd  in  the  British  catalogue  lo.  Thestan 
is  the  southern  triangle  are,  in  Sharp's  catalogue,  5. 

AriiliiMtieal  Tbtanole,  a  kind  of  numeral  triangle, 
or  triangle  of  numbers,  beings  table  of  certain  numbers 
di»>p<)»cdin  form  of  a  triangle.  It  was  so  called  by  Pascal; 
but  he  WRS  not  the  inventor  of  this  table,  as  some  writers 
have  imagined,  its  properties  having  been  treated  of  by 
other  authors,  some  centuries  before  him,  as  is  shown  ia 
my  Mathematical  Tracts,  vol.  I,  tract  12. 

The  form  of  the  triangle  is  as  follows : 


:      8    &G  ' 

;  s 

And  it  is  constructed  by  adding  always  the  last  tw«' 
numbers  of  the  next  two  preceding  columns  together,  to 
give  the  next  succeeding  column  of  numbers.  ' 

The  first  vertical  column  consists  of  units;,  tie  3d  a 
of  the  natural  numbers  1,  3,  3,  4,  5,  Ac ;  the  3d  a.  ^ 


UUP  subtract  neb  side  s^rerally,  and  l&ultiply  the  three    seiies  of  triangular  nnmbcra  1,  3,  6,  10,  &c;  the  4tlL  k 
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ceriei  of  pyramidal  numbers,  '&c.  The  oblique  diagonal  of  hard  «ted,  piuing  through  a  cylindrical  piece  of  woed : 
rows,  deaceudiiig  from  left  to  rigiit,  are  ali>o  tLe  eatne  u  the  ends  of  the  axis,  which  are  highly  polished,  are  nade 
the  vertical  cotuiuiu.     And  the  numben  taken  on  the     to  rest  on  the  polished  semicircular  cheeki  of  various  rn 


.1  lines  are  the  ca-cflicicnl*  of  the  diffc 
of  a  binomial.     Many  other  properties  and  uses  of  these 
numbers  ha«e  been  delivered  by  varioui  auihon,  as  may 
be  seen  in  the  Introduction  to  my  Malbematical  Tables, 
pa.  7,  8,  75,  76,  77,  8p,  Sd 
After  ihcsi',   Pascal  wrote 
cal  Triangle,  which  is  contained  in  the  jih  volume  of  hi 
works,  published  at  Paris  and  the  Hague  in  1779.  in 
volumes,  8vo.     In  this  publication  is  also  a  deiicripcio 
taken  from  [he  1st  volume  uf  the  French  Eticyclojiedi 
art.  Arithmetique  Machine,  of  that  admirable 
invented  by  Pascal  at  tie  age  of  19,  furnishing 
and  expeditious  method  of  making  all  kinds  of 


and  the  degree  of  friction  is  estimated  by  means  of 
a  weight  Buipendcd  by  a  fine  silken  string  or  ribband  pver 
the  wooden  cylinder.  For'a  farther  description  and  the 
figure  of  this  instrument,  with  the  results  of  various  txpc> 
riments  performed  with  it,  see  Musschcnb.  Introd.  ad 
AriihmelK    Phil.  Nat.  vol.  I,  p.  151. 

TRIDBNT,  is  a  particular  kind  of  parabola,  Bted  by 
Descartes  in  constructing  ec|UBtions  of  b  dimcnsiona.  See 
the  article  Ciirtuian  Pakabola. 

TRIGLYPH,   in  Architcctutf,   is  a  member  of  the 

Doric  frize,  placed  directly  over  each  column,  and  at 

easy     equal  distances  in  the  in tercolum nation,  having  two  en-  ' 

ftlyphs  or  channels  engraven  in  it,  meetingin  an  angle. 


'tical  calculat 
eye  and  the  hand. 

TRIANGULAR,  relating  lo  a  triangle  ;  as 

TaiANOULAB  Canon,  tablet  relating  lo  Irigonomelry ; 
at  of  sines,  tangents,  secants,  &c. 

Thiancitlak  Compat»e$,  are  such  as  have  three  legs 
or  feet,  by  which  any  triangle,  or  three  points,  may  be 
taken  off  at  once.  These  are  very  useful  in  the  construc- 
tion of  maps,  globes,  &c. 

Triakoitlak  Humberi^ace  a  kind  of  polygonal  num- 
bers; being  the  sum^ of  arithmetical  progressions,  which 
have  1  iat  the  common  difference  of  their  terms. 
Thus,  from  these  arithmeiicals  -  1  2  3  4  5  6, 
are  formed  the  triang.  numb.  -  1  3  6  10  15  21, 
or  the  3d  column  of  the  arithmetical  triangle  above  men- 

Because  the  sum  of  n  terms  of  such  arithmetical  pro- 
gression is  ctpressed  by  — •^i  we  shall  evidently  have 
the  same  formula  to  express  generally  the  triangular  num- 
bers ;  or  the  triangle,  which  answera  to  any  side  repre- 
sented by  n.  __                _ 

Thus,  if  n  =  6,  the  sixth  triangular  number  taken  in  and  it  is  neces^ry  that  three  of  these  parts  be  given,  to 

orderwillbe"-^^^!:^  =  2I.     And  if  a  =  15,  the  triangle  find  the  other  three.    In  .pherical  trigonometry,  the  three 

,                            '  parts  that  arc  given,  may  be  ofany  kind,  either  all  sidesi 

is  """*"  '*  =  120.  or  all  angles,  or  part  the  one  and  part  the  oiber.     But 

^           ,                ,           ,  ,                .  ...  in  plane  trieonometry,  it  is  necessary  that  one  of  the 

"  °J  'J',™"!^'.".!                 °"'"'  '™"S»'«  tbi«  p.n.  .1  Icul  be  ..ide,  .inc.  from  ibre.  .ngln  cm 

only  be  found  the  proportions  of  the  sides,  but  not  Lba 

::_  +  '.:_  +  -,  or  -    x   '■■  — ^  x    — — -,  •**'  quantities  of  them. 

*         '         '        '            '              *  Trigonometryis  an  artof  thegreatest  useiii  thcmatbe- 

which  is  also  equal  to  the  number  of  shot  in  a  triangular  matical  sciences,  especially  in  astronomy,  navigation,  sur- 


ivithout  any  other  aatistance  than  the  and  separated  by  three  lep  from  the  two  de  mi  •channels  of 
the  sides- ' 

TRIGON,  a  figure  of  three  angles,  or  a  triangle. 

T&IGON,  in  Astronomy,  denotes  an  aspect  uf  two  pti^ 
nets  when  they  are  120  degrees  distant  Irorp  each  other ; 
called  also  a  trine,  being  the  M  part  uf  3£0  dcgr<^. 

Triook,  in  Dialling,  an  instrument  of  a  ifiaogulai 

Taioux,  in  Music,  denoted  amusical  instrument,  used 
among  the  ancients.  It  was  a  kind  of  triangular  lyre,  or 
harp,  invented  by  Ibycus;  and  was  used  at  feasts,  beii^ 
played  on  by  women,  who  struck  it  either  with  a  quill, or 
beat  il  with  small  rods  of  dilferent  lengths  and  weigbt^ta 
occasion  a  diversity  in  the  sounds, 

TUIGONAL  Numben.     SeeTEiAUGULAU  Numberi. 

TRIGONOMlCTtiR,  Armilkry.  See  A&hillabt 
Trinoiwmeier. 

TRIGONOMETRY,  the  w-t  of  measuring  the  tides 
and  angles  of  triangles,  cither  plane  or  spherical;  whence 
it  is  accordingly  called  either  plane tngonometry,orsph^ 
rical  trigoQometry. 

Every  triangle  has  6  parts,  viz,  3  sides,  and  3  angles ; 


The  SI 
numbers,  1,  3,  0,  10,  Ac;  is  = 


r  the  number  ii 


triangular 


pile  of  balls,  the  number  of 
side  of  the  base,  being  n. 

The  sum  of  the  reciprocals  pf  thi 
infinitely  continued,  is  equal  to  ^<\  viz, 

1  +  *  +  I  +  «  +  tV  *=c  =  2. 

For  the  rationale  and  management  of  these  numbers, 
see  Malcolm's  Arith.  book  5,  ch.  2;  and  Simpson's  Algeb. 
sec.  15. 

TaiANGULAU  Hundrtint,  is  a  sector  furnished  with  a 
loose  piece,  by  which  it  forms  an  equilatrral  triangle,  finding  the  "rclel 
Upon  it  is  graduated  and  marked  the  calendar,  with  the 
sun's  place,  and  other  useful  lines  ;  and  by  the  help  of  a 
string  and  a  plummet,  with  the  divisions  graduated  on  the 
loose  piece,  it  may  be  made  to  serve  for  a  quadrant. 

TRIBOMETER,  in  Mechanics,  a  term  applied  by 
Musscbenbroek  loan  instrument  invented  by  hi 


veying,  .dialling,  geography,  &c,  &c.  By  the  aid  of  it, 
we  can  determine  the  magnitude  of  the  earth,  the  planeti. 
and  stars,  their  distances,  motions,  eclipses,  and  almost 
all  other  useful  arts  and  sciences.  Accordingly  we  find 
this  art  has  been  cultivated  from  the  earliest  ages  of  ma* 
thematical  knowledge. 

Trigonometry,  or  the  resolution  of  triangles,  is  founded 
on  the  mutual  proportions  uhich  subsist  between  the  sides 
iiid  angles  of  triangles;  which  proportions  are  known  by 
'  ■"  _  '  '  "  between  the  radius  of  a  circle  and 
certain  other  lines  drawn  in  and  about  the  same,  called 
chords,  sines,  tangents,  and  secants.  The  ancients  Me-  ■ 
nelaus,  Hipparchus,  Ptolemy,  &c,  performed  their  tri- 
gon'ometiy,  by  means  of  the  chords.  .\s  to  the  sines,  and 
the  common  theorems  relating  to  Ihcm,  they  were  intro- 
duced into  trigonometry  by  the  Moors  dr  Arabians,  from 


•utiDg  the  frioiou  of  metals.    It  consists  of  on  axis  formed    whom  this  art  passed  into  Euiope,  with  several  other 
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bnnchn  of  iciance.  The  Euro^na  bave  introduced,  (marked  siD.  and  tan.)  according  A  the  proportion  re- 
■ince  the  l£th  century,  the  tangents  and  secants,  nith  ibe     spccts  ^nes  or  tnngenis. 

theorems  relating  to  iitera.  See  the  history  and  improve-  In  every  case  of  iriangies,  as  has  been  hinted  before, 
fnents  at  large,  in  the  Introduction  to  my^  Mathematical  there  must  be  given  thrt-e  parts,  one  at  least  of  which  must 
Tables.  be  aside.    And.  then  the  diScrent  circumstances,  as  to  the 

The  proportion  of  tlie  sines,  tangents,  Sec,  to  their  ra-     three  parts  tbtit  may  be  given,  admit  of  three  cases  or  va- 
dius,  is  sometimes  expressed  in  common  or  natural  num-     rieties  only ;  vis, 

1st.  When  two  of  the  three  parts  given>  are  a  side  and 

a  opposite  angle. — 2d,  When  there  are  given  two  sides 

ntained  angle. — 3d,  And  thirdly,  vhen  the 


bers,  which  constitute  what  are  called  the  tables  of  na- 
'tural  sines,  tangents,  antf  secants.  Soraetimes.it  is  e:t- 
pressed  in  logarithms,  being  the  logsrithms  of  the  said 
natural  sines,  tangents,  &c  ;  aud  these  consliiute  the  table     three  sides  are  given. 


Or, 


'tificial  sines,  &c.  Lastly,  sometimi's  the  proportio 
is  not  expressed  in  numbers;  but  the  several  sinrs,  tan- 
gents, &c,  arc  actually  laid  down  upon  lines  of  scales; 
whence  tbe  line  of  sines,  of  tangents,  &c.     See  Scale. 

In  trigonometry,  as  angles  are  measured  by  arcs  of  a 
circle  described  about  tbe  angular  point,  so  tbe  whole 
circumference  of  tbe  circle  is  divided  into  a  great  number 
of  parts,  as  36o  degrees,  and  each  degree  into  60  minutes, 
and  each  minute  into  GO  seconds,  &c;  then  any  angle  is 
■aid  to  consist  of  so  many  degrees,  minutes,  and  seconds, 
as  are  contained  in  the  arc  that  mcHsures  the  angle,  or 
that  is  in»ercepted  between  the  legs  or  sidi'S  of  the  angle. 

Now  the  sine,  tangent,  and  secant,  &c,  of  every  degree 
fcnd  minute,  &c,  of  a  qiiefirant,  are  calculated  to  the  ra- 
dius I,  and  ranged  in  tables  for  use;  as  also  the  loga- 
rithms of  the  same;  forming  the  triangular  canon.  And 
these  numbers,  so  arranged  in  tables,  form  every  species 
of«ght-angled  triangles,  so  that  no  such  triangle  can  be 
proposed,  but  one  similar  to  it  may  be  there  fouiid,  by 
comparison  with  which,  the  proposed  one  may  be  com- 
puted by  analogy  or  proporcion. 

As  to  the  scales  of  chords,  sines,  tangents,  &c,  usually  ' 
placed  on  instruments,  the  nicUxid  of  constructing  them 
is  exhibited  in  the  scheme  nnnexi-d  l«  the  article  Scale; 
whicli,  having  the  names  auded  to  each,  needs  no  farther 
explanation. 

There  are  usually  three  methods  of  resolving  trian^es, 
or  the  cases  of  trigonometry;  viz,  geometrical  c<Onstruo- 
tion,  arithmetical  computntion,  Hnd  instrumental  opera- 
tion. In  the  1st  method,  the  triangle  Js  constmcted  by 
drawing  and  laying  clown  the  several  parts  of  their  magni- 
tudes given,  vie,  tde  sides  from  a  senile  of  equal  parts,  und 

the  angles  from  a  scale  of  chords,  or  other  instrument ;  .  .  „ 

then  the  uniinown  parts  are  measured  by  [he  same  scales,    geometrical  construction  will  &rm  but  one  triangh 
and  so  they  become  known.  Ex.  Suppose   in    the 

In  the  2d  method,  having  stated  the  terms  of  the  pro-     plane IrisogleABCfthese 
portion  according  to  rutc,  which  terms  consist  partly  of    be  given 
■  '  -  .       ■  -  J  _  3^^  yard» 


b  of  these  cases  there  isa  particular  rule,  or  pro- 
portion, adapted,  for  resolving  it  by. 

1st  The  Rule  for  the  \a  Case,  or  that  in  which,  of  tho 
three  parts  that  are  given,  an  angle  and  its  opposite  side 
are  two  of  them,  is  this,  viz.  That  the  sides  are  propor- 
tional to  the  sines  of  their  opposite  angles. 
That  is, 

As  one  side  given  : 

To  the  sine  of  its  opposite  angle  :  : 
So  is  another  side  given  : 

To  the  sine  of  its  opposite  angle. 
As  the  sine  of  an  angle  given  : 

To  its  opposite  ade  :  i 

So  is  the  sine  of  another  angle  given  : 
>  To  its  opposite  side. 

So  that,  to  find  an  angle,  we  must  begin  the  proportion 
with  a  given  side  that  is  opposite  to  a  given  anglcj  and  to 
£od  a  side,  we  must  begin  with  an  angle  opposite  to  a  given 
side.  ' 

Note.  An  angle  found  by  this  rule  is  ambiguous,  or  un- 
certain whether  it  be  acute  or  obtuse,  unless  it  be  a  right 
angle,  or  unless  its  magnitude  besuch  as  to  prevent  the 
ambiguity;  because  tbe  sine  answers  to  two  angles,  which 
arc  supplements  to  each  other;  and  accordingly  the  geo- 
metrical constructiou  forms  two  triangles  with  the  sama 
parts  that  are  given,  as  in  the  example  below ;  and  when 
there  is  no  restriction  or  limitation  included  in  the  ques- 
tion, either  of  them  may  be  taken.  The  degrees  in  the 
table,  answering  to  the  sine  is  the  acute  angle  ;  but  if  an 
angle  be  obtuse,  subtract  those  degrees  from  130°,  and  tbe 
remainder  will  he  the  obtuse  angle.  When  a  given  angle 
is  obtuse  or  a  right  one,  there  can  be  no  ambiguity ;  for 
then  neither  of  the  other  angles  can  be  obtuse,  i 


th^  numbers  of  the  given  sides,  and  paMly  of  the  sines,  &c, 
of  angles  taken  from  the  lablc^  the  proportion  is  then 
resolved  like  all  other  proportions,  in  which  a  4th  term  ii 
to  be  found  from  three  given  terms.  By  multiplying  the  2d 
and  3d  together,  and  dividing  the  product  by  the  first. 
Or,in  worliing  with  th^ogaritbms,  adding  the  log.  of  the 
Sd  and  3d  terms  together,  and  from  the  sum  subtracting 


BC  =  232  yards 
^  A  =  37°  20* 

to   find  the  other 

aud  Ibe  angles. 


1.  Geonietricalfy,  by  Omatnciinn. 

^  , ^         Draw  an  indefinite  line,  upon  which  set  off  ab  =  345, 

the  log.  of  the  1st  term,  then  the  number  aoswerins  to  tbe    from  some  convenient  scale  of  equal  parts. — Make  tbe  an- 


remainder  is  the  dth  term  sought, 
,  To  work  a  case  instru  men  tally,  as  suppose  by  the  log. 
tines  on  one  side  of  the  two-foot  scales :  li^xtend  the  com- 
passes from  ihe  1st  term  to  the  2d,  or  3d.  which  happens 
to  be  of  the  same  kind  with  it ;  then  that  extent  will  reach 
from  the  other  term  to  the  4th,  In  this  operation,  for  the 
■ides  of  triangles,  is  used  the  line  of  numbers  (marked 


37°  20-' — With  a  radius  of  232,  taken  from 
same  scale  of  equal  parts,  and  centre  B,  cross  AC  in  the 
two  points  c,  c.  tastly,  join  8C,  bc,  and  the  figure  is  con- 
structed,  which  gives  two  triangles,  and  showing  that  tbe 
case  is  ambiguous- 
Then  the  sides  AC  measured  by  the  scale  of  etjual  parts, 
and  the  angles  B  and  c  measured  by  the  line  of  chords,  or 


Num.] ;  and  for  the  angles,  the  line  of  sines  or  tangcnta    other  instrument,  wilt  be  found  to  be  nearly  aa  follow ;  viz» 
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or  37*4  or      781°  or      644. 

3.  AtitkmelieaUy,  iy  TohUt  t^Log*. 
t^lnt,  to  find  the  mgle*  st  c. 

A«si(te  »c2«  -  -  log.  23654880 

Town-op.  iASr'atf  ■-  9-7827958 

So!>ideAB345  -  -  2-5378191 

ToMii.op.  Z.cll^3e'or«4'S4'     -     9-955126g 

mill         Za     37  2t» 
tbe  BUM  152  56 

taken  from         1 60  00 
leaves  ^B    S7  04  c 

TheD,  to  find  the  side  ac. 
As  NH  '       Z.A       S7^  SC 
To  op.  aide     bc       -  232 

So  sin 


37   20 


160  00 
r  78.   I«. 


f27   04 
^78    16- 
To  op.  side    ac  174-07 
or,  374  56 


log.  978t795« 
3-3654880 
9-6580S71 
9-9908291 
2-340729S 
2-5735213. 


3.  Inttrummlally,  f|y  Gunler^t  Liaei. 
Iq  the  first  proporlioii, — Extend  the  compasses  from 
332  tu34'5\upon  the  line  of  Dunibcrs;  then  (bat  extent 
will  reach,  in  ihe  sines,  from  37 1°  to  6'*^°,  the  angle  c. 

In  the  second  proportion. — Extend  ibe  compasses  from 
37^0  to  270  or  78}°,  on  tbe  sines;  (hen  that  extent  will 
tvach,  on  the  tine  of  numbers,  from  232  to  174or  3744; 
the  two  values  of  (he  side  AC. 

2d  Caie,  when  there  are  given  two  Mdes  and  their  con- 
tained angle,  10  find  tbe  rest,  the  rule  is  this :. 
As  the  sum  of  the  two  given  sides  : 
Is  to  the  difleience  of  those  sides  :  : 
So  is  the  tang,  of  half  the  sum  of  tb«  tiro  opposite 

aa^es,  or  cotangent  of  half  the  given  angle: 
To  tang,  of  half  the  diff.  of  tbow;  angles. 
Then  the  half  di&  added  .0  the  half  sum,  gives  the  .       ,« 

^eater  of  the  two  unknown  angles;  and  subtracted,  leaves         "   T"^  _^  «io  .   ^ 
tEe  less  of  tbe  same  two  angles. 

Hence,  the  anglfs  being  now  all  known,  the  remaining 
■    3d  side  will  he  found  by  the  former 
Noit.  When  the  triaogli 


So  sin  ic  =  98°3',or81»47'  -  9-9956995 
To  side  ab  =  36'5  -  -  -  S-j622885 
3.  rnifrtunnUo/^— Extend  the  compasies  fniia  464  (o 
155^  upon  the  line  of  numbers;  then  that  extent  will 
reach,  upon  the  line  of  tangents,  from  41°  to  l6i''.  Then, 
in  the  Sd  proportion,  extend  the  compaBsea  from  ii^\  to 
82°  on  the  sines;  and  that  extent  will  reach,  upoo  the 
Dumbepi,  from  1544  ^°  ^^^t  which  is  the  third  side. 

3d  Cait,  is  when  the  three  |)des  are  given,  to  find  tbe 
three  augles ;  and  the  method  of  rrsolving  this  case  is,  lo 
let  a  perpendicular  fall  from  (he  greatest  angle,  up<M  the 
opposite  side  or  base,  dividing  it  into  two  segments,  and 
the  whole  triangle  into  two  right-angled  triangles :  then  it 
will  be. 

As  the  bate,  or  sum  of  the  two  segmenU  : 
la  to  the  sum  of  tlie  other  two  sides  :  : 

So  h  the  diHerence  of  those  sides 
To  (he  difference  of  tbe  segments  of  the  base. 
Then  half'  this  difference  of  the  two  segmend  added  t» 
tbe  half  sum,  or  half  tbe  base,  gives  the  greater  segment^ 
and  subtracted,  gives  (he  less.  Hence,  in  each  of  the  two 
right-angk-d  triangles,  there  are  given  tliehypothet)Use,and 
the  base,  besides  (he  right  angle,  to  find  tbe  uiberaDjtlesbr 
,  the  1st  case, 

£x.  In  the  triangle  abc,  suppose  there  are  given  the 
three  sides,  (o  find  tbe  three  angles,  vis. 


base  are  each  equal  to  half  the  supplement  of  the  given 
angle,  or  that  at  the  vertex ;  whence  the  third  side  may  be 
found  directly  by  the  former  case. 

Ex.  Suppose,  in  ibe  triangle  abc,  there  be  given 
AC  =  154-33  ^ 

BC  =  309-86 
Z.C  =98°  3' 
to  find  the  other  side  and 
the  angles. 

1.  Geometrieally. — Draw  two  indefinite  lines  maki 

the  angle  0  2=  98°  3':  upon  these  linessetoffCA  =15' 

and  CB  ^310:  Join  the  points  a  and  b,  and  the  figuri 

constructed.  'Then,  by  measurement,  as  before,  we  6 

(be  ^A  =  57i;   .^b24^;  and  side  ab  =  365. 

t.  Bji  Logariihmi, 

As  CB  -(-  ca  =  46+-19 

Too  -  CA  =  155'53 

So  tan.  4a  +  ^B    =1  40°  564'       • 

To  tan  4a  -  1b    =c  IS    13;      - 

sum  jiivcs  Z.A  57    12 

diff.  gives  £  B  24  45 

Then,  As  sin.  ^  b  =    24°  45' 

To  side  ac  =  154-93 


AC  =  154-33 

BC  =  309-86 
to  find  the  angles. 

1.  Geometrically. — Draw  the  base 
AB  =  365 :  with  the  radius  lS4j  and  centre  a  deaeribe 
an  arc;  and  with  the  radius  310  and  centre  b  describe 
another  arc,  cutting  the  former  in  c;  then  join  *c,  and  aC| 
and  the  triangle  is  constructed.     And  by  mBasiuing  tbe 

,    .  3+f';  Z.c  =  98°  nearly. 

fi,  ^rt/imertcaify.— Having  let  fall  the  perpendicular  ct, 
viding  tbe  base  into  the  two  segments  ap,  fb,  and  tbe 
[c"es;  the  angles  at  the     ^^^^  "|^f  ^'^  '•"**  ""^  '*"  "K^t^angled  triangles  acf> 


log.  2-6666958 
2-1918142 

-  g'938780S 
9-4fi38987 


log.  0611^612 
2-1884504 


=  365         -  log.  2-5622929 

To  CB  +  CA  =  464-19  -     ■    2-66'66'958 

So  CB   -  CA  =  155-53         -  2-1918142 

To  ht  -  VA  =  197-80  2-2962171 

its  half  =    96-90 
^AB  =  182-50 
sum  BP  =  281-40 
diff.  AP  =    83  60.- 
Then,  in  tbe  triangle  a  pc,  right-angled  at  r. 
As  AC  =154-33      -       log.  21884504 

To  sin.  Z.P    =  90°        -        -       10-0000000 
So  AP  =  83-fi        -         -        19222063 

Tosin.^ACp=  320  48'  -  9-7337559 

itscomp.  ^A      =:  57    12. 
And  in  the  triangle  bcp,  right-angled  at  p. 


As  BC  =  309-86 

To  sin.     /.p  =  90° 
So  BP  SB  28L-4 

Tosin.  iBCPE=  65°  15' 
itscump.  ^B  =  24  45 
AlsotoZ.ACP=32  48 
add  Z.BCP  =  65  15 
makes  Z.  acb  =:  98     3 


log.  2.491lfi55 
100000000 
2-4493241 
9-95815S6 
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Arilhfn 

elieally. 

As  radi 

us       =  10 

log.  100000000 

To  AB 

=  Ib-J         - 

2-2095150 

So  tan 

iA  =  53°  ?'  48" 

10-1249372 

To  Bg 

=  216 

2-334';522 

So  aec. 

z,A    =  53''7'48'' 

iO'2218477 

To  AC 

=  270 

2.431 36«7 

T  R  1  t    »37    ]  -    .  T  R  I 

3.  IwfrttMoKa?^.— In  the  1st  proportion,  Extend  the     aic.    Then,  by  mewuring,  there  will  be  found  ac  = 
compasse*  from  365  to  46*  6n  the  line  of  numbers,  and     870,  and  bc  =  216, 
that  extent  will  reach,  on  the  same  line,  from  155^  to         -     ■  '■ 
iy7-8  nearly. — In  the  2d  proportion.  Extend  the  com- 
passes from  1 54}  to  83'6  on  the  line  of  nutnben,  and  that 
extent  will  reach,  on  the  sines,  from  90°  to  32J°  nearly. 
— In  Ihe  3d  proportion.  Extend  the  compasses  from  310 
to  S81{  on   the  line  of  namben  ;  then  that  extent  will 
reach,  on  the  sines,  from  90°  to  65$°. 

Another  method  of  resolving  this  caae,  and  that  at  one 
operatiun,  is  as  follows : 

1.  Add  together  the  logarithm  of  half  the  su 
three  given  sides  and  the  logarithm  of  the  difference  be- 
tween this  half  sum  and  the  side  opposite  the  angle  sought, 
■nd  6nd  the  complemeut  of  their  sum.  2.  Then,  to  ibis 
complement,  increased  by, 10  in  the  index,  add  the  loga- 
rithms of  the  differences  lietween  the  said  half  sum  and 
each  of  the  other  two  sides,  and  the  result,  divided  by  2, 
will  give  the  tangent  of  half  the  required  angle. 

llius,  resuming  the  same  example,  to  find  the  angle  a, 
the  work  will  be  as  under: 


AB  =  365*00 

AC   =  154  33 

BC  =  SOp'SS  iide op. required  4.A. 

Sum     829' 19 


log.  2-6176241 
20200711 
4-6376952 


Ic^.  complem.  of  do. 
add         .        ■        - 
DiCTerences  between  f   ._  ,_, 

and  AB,  AC.  I 

sum  of  these 
tan.  ^£.A  =  26°  36'     ^  su 

2_ 

Z.A  =s  57    12  ihesai 


19-4731585 
1     97365792 


IrutrumentaUy. — Extend   the  ctuupasses  from  45°  at 

f  the    *'"'  endof  the  tangents  (the  riidius)  to  the  tangent  of  50J°; 

.°„  !.,_     t***""  'bat  extent  will  reach,  on  the  line  of  numbers,  from 

162  to  216,  for  BC.     Again,  extend  the  compasses  from 

36°  52' to  90  on  the  sines;  then  that  extent  will  reach,  on 

the  line  of  numbers,  from  162  to  270  for  AC. 

Note,  Another  method,  by  making  every  side  radius,  is 
often  added  by  the  authors  on  trigo- 
nometry, which  is  thus:  The  given 
right-angled  triangle  being  a  bo, 
make  first  the  hypolhtnuse  ac  ra- 
dius, that  is,  with  the  extent  of  ac 
as  a  radius,  and  each  of  the  centres 
A  and  c,  describe  arcs  CD  and  ax  ; 

then  it  is  evident  that  each  leg  will  k 

represent  the  sine  of  its  opposite  angle,  viz,  the  leg  bc  the 
siiie  of  the  arc  cd  or  of  the  angle  a,  and  the  leg  ab  tbt 
sine  of  the  arc  AB  or  of  the  angle  c.  Again,  making  either 
leg  radius,  the  other  leg  will  represent  the  tangent  of  its 
opposite  angle,  and  the  hypollienuse  the  secant  uf  the  same 
angle  ;  thus,  with  radius  ab  and  centre  a  describing  the 
arc  Br,'  BC  represents  the  laogeitt  of  that  arc,  or  of  the  an- 
gle A,  and  the  hyputlienuse  ac  the  secant  of  the  same;  or 
with  the  radius  bc  aud  ccutre  c  describing  the  arc  bo,  the 
other  leg  ab  is  the  tangent  of  that  arc  BO,  or  of  the  angle 
c,  and  the  hypothenusc  CA  the  secant  of  tbe  same. 

And  then  the  general  rule  for  all  these  cases  is  [his,  viz, 
that  the  sides  bear  to  ench  other  the  same  proportions  as 
the  parts  or  things  which  they ' represent.     And  this  it 


The  foregoing  three  cases  include  all  the  varieties  of    called  making  every  side  radiuj. 
plane  trianglL-s  that  can  happen,  both  of  right  and  oblique-         For  Plane  Trigonometry  considered  annlyiically, 
angled  triangles.     But  beside  these,  there  are  some  other     my  Course  of  Mathematics,  vol.  3,  chap.  3. 


theorems  that  are  useful  upon  many  occasions, 
to  some  particular  forms  of  triangles,  wliich  are  often 
more  expeditious  in  use  than  the  foregoing  general  ones ; 
one  of  which,  for  right-angled  triangles,  as  tht:  case  for 
which  it  serves  su  often  occurs,  may  be  here  inserted,  and 
is  as  follows: 

Cue  4.  When,  in  a  right-angled  triangle,  there  are  given  cond^ 
the  angles  and  one  leg,  to  find  the  other  leg,  or  the  hypo-  Spbi 
thenuse.     Then  it  Will  be, 

As  radius  ; 

To  given  leg  AB  : ; 

So  tang,  adjacent  £.  a       : 
■     To  the  opp.  teg  bc,  and     : : 

So  sec.  of  same  Z.A         : 

To  hypot.  AC 
Ex,  In  the  triangle  abc,  right-angled 

it  B, 

Given  the  leg  . 
and-  Ihe 
conseq. 

1.  (?AinieAi'c(iVy.— Draw  the  leg  AB  =  l62:  Erect  the 
indc-finile  perpendicular  bc  :  Make  the  angle  a  =s  53i°, 
and  the  side  AC  will  cut  bc  m  C,  and  form  the  triangle 

Vol.  II. 


leg  AB  =  182) 
I  =,  53"  7'48">to: 
:   =36  52   12  V 


find  bc  and  a 


SphericaiTB.iGoiioitET&T,  is  the  resolution  and  cal- 
culation of  the  sides  and  angles  of  spherical  triangUs, 
which  are  made  by  three  intersecting  arcs  of  great  circles 
on  a  sphere.  Here,  any  three  of  the  six  parts  being  eivea, 
even  the  three  angli-s,  the  rest  can  be  found  ;  and  the  sides 
are  measured  or  estimated  by  degrees,  minutes,  and  se- 
I  well  as  the  angles. 

iCal  Trigonometry  is  divided  into  rigbt-Bi;gled  and 
oblique-angled,  or  the  resolution  of  right  and  oblique- 
angled  spherical  triangles.  When  the  spherical  triangle 
has  a  right  angle,  it  is  called  a  right-angled  triangle,  as 
well  as  in  plane  triangles;  and  when  a  triangle  has  one  of 
its  sides  equal  to  a  quadrant  of  a  circle,  it  is  called  a  qua- 
drantal  triangle. 

For  the  resolution  of  sphcrifnl  triangles,  there  are  va- 
rious theorems  and  proporiions,  which  arc  similar  to  those 
in  plane  trigonometry,  by  substituting  ihcsinrs  of  sides  in- 
stead of  the  sides  therrselvcs,  when  the  proportion  respects 
sines;  or  tangents  of  the  sides  for  thCMdcs,  when  tbe  pro- 
portion respects  tangents,  &c ;  some,  of  tbe  principjt  of 
which  theorems  are  as  follow  : 

7%eor.  1.  In  any  spherical  triangle,  the  sines  of  the  sides 
are  proportional  to  the  sines  of  their  opposite  angles. 


3Z 
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Tlt€or.  2.  In  any  rightHiiigleil  triangle, 
As  radius 
TosineofonesiJe 
So  tang,  of  the  adjacent  angle 
To  tang,  of  the  opposite  side. 

Theor.  3.  If  a  perpemlicular  be  let  fall  from  any  angli 
upon  tlie  base  or  opposite  side  of  a  spherical  trianglt^ ; 
will  be. 

As  Ibe  tint  of  the  sum  of  the  two  tide* 
To  tho  sine  of  their  difference 
So  cotan.  {  sum  angles  at  the  Ycrtex 
To  l&ng.  of  half  their  dilfcretice. 

Theor.  4. 
As  tang,  half  sum  of  the  aides 
To  tang,  half  their  difference 
So  tang,  i  sum  ^s  at  the  bas* 
To  tang,  half  tUeir  difierence. 

Tluor.S. 
As  cotfti).  I  sura  of  Z.S  at  the  base 
To  tang,  half  their  difference 
So  tang.  }  sum  of  Z.s  at  the  vertex 
To  t«Dg  half  their  difference. 

TUor.  6. 
As  tang,  i  sum  segments  of  bate 
To  tang,  half  sum  of  the  sides 
So  tang,  half  differeoce  of  the  side* 
To  tang.  T  diff.  segments  of  hue. 

At  sin.  lum  of  Z.i  at  the  bate 
To  line  of  tbeit  di&rence 
So  tang,  i  sam  tegmenta  of  bat* 
To  tai^  of  half  their  di&rence. 

TVor.  S. 
As  tin.  turn  of  segments  of  bate 
To  sine  of  their  difference 
So  sin.  sum  of  angles  at  the  vertex 
To  line  of  their  difierence. 

3*eor.  9. 
As  sine  of  the  base 
To  sine  of  the  vertical  angle 
So  siu.  of  diff.  segroents  of  the  base 
To  sin.  diff.  z.s  at  vertex,  when  the  pcrp.  falb 

within 
Or  so  sia.  sum  segments  of  bate 
To  sin.  turn  vertical  /.t,  where  the  perp.  Mis 

without. 
*    Titor.  10. 

-As  cosin.  half  sum  of  the  two  sides 
To  cosine  of  half  their  diflerence 
So  Gotang.  of  half  the  included  angle 
To  tang,  half  sum  of  opposite  anglea. 

TSeor.  II. 
At  tin.  of  half  sum  of  two  tides 
To  tine  of  half  their  di^rcnce 
So  colang.  half  the  included  angle 
To  tang,  i  diff.  of  the  oppos.  angles. 

Theor.  I«. 
At  cotitL  half  sum  of  two  angles 
To  cosine  of  half  their  difference 
So  tang,  of  half  the  included  tides 
To  tang,  i  Bum  of  the  opposite  side*. 
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Theor.  ll     • 
As  tin.  half  sum  of  two  angles  : 

To  line  of  half  their  difference  : : 

So  tang,  half  the  included  aid*  ; 

To  tang.  -J-  diff.  of  the  opposite  sides. 
!,        Tieor.  14.    In  a  right-angled  spherical  triangle, 
it     As  sin.  lum  of  hypot.  and  one  tide  : 

To  sin.  of  their  diffetenca  .   :  ; 

So  radius  squared 
To  square  of  tang.  {  contained  angle. 

Theor.  15.     In  uay  spherical  triangle. 
The  pntduct  of  the  sines  of  two  tides  and  of  the  cosine  of 
the  included  angle,  added  to  the  product  of  the  cosines  of 
those  sides,  h  equal  to  the  cosine  of  the  third  side;  the 
radius  being  1. 

TTieor.  16.     In  any  spherical  triangle. 
The  product  of  the  smes  of  two  angles  and  of  the  cosino 
of  the  included  side,  minus  the  product  of  the  cotinei  of 
those  angles,  is  equal  to  the  cotin^  of  the  third  angle ;  the 
radius  being  1. 

by  some  or  other  of  these  theorems  may  all  the  caset 
of  spherical  triangles  be  tesolved,  both  rigbt-angled  and 
oblique:  vix,  the  cates  of  right-angled  triangles  by  the 
Itt  and  2d  theorems,  and  the  oblique  triangles  by  tome 
of  the  other  theorems. 

In  treatises  on  trigonometry  are  to  be  found  many  other 
theor«ms,  as  well  us  synopses  or  tables  of  all  the  cases, 
with  the  theorem  that  is  peculiar  or  proper  to  each.  Se« 
the  Introduction  to  my  Mathematical  Tables,  pa.  156  &c  j 
or  Robertson's  Navigation,  vol.  1,  pa.  16S.  See  also  Na- 
pier's Catholic  or  Universal  Rule  in  this  Dictionary. 

To  the  forgoing  theorems  may  be  added  the  following 
synopsis  of  rules  for  resolving  all  the  cases  of  plane  and 
■pberical  triangles,  under  the  title  of 

'  IVigoiiometrical  Rulet. 

1.  In  aright-lined  triangle,  whose  sides  are  a,  b,  C,  and 
their  opposite  angles  a,  b,  c;  having  given  any  three  of 
these,  of  which  one  is  a  tide ;  to  find  the  rest 


Fat  s  for  the  sine,  s'  the  cosine,  I  the  tangent,  and  tf  tb* 
cotangent  of  an  arch  or  angle,  to  the  radius  r;  also  l  for 
a  logarithm,  and  l'  its  arithmetical  com  pi  em  en  I.     Then 

(^te  I.  When  three  sides  s,  b,  c,  are  given. 
Put  r  =  4(a  4-  b  -I-  c)  or  semiperimeter. 


Then  s.  |c  = 
And  s'.  ie  = 


('" 


c) 


L.  S.  -Ic  =  i  (l.  (P  -  a)  +   L.  (P  -  B)   +  l'a  -t-  L'B), 
l„'s.  4  C  =  4  (l.  P  -f-  L.  (P  —  C)    4-  L'a   -*-   i'b). 

ifote.  When  a  s  b,  then 

s.  -Jc  aa  —   X    ~.     Aad  s'  fc  =  r^/ — j^3_, 
'  Cik3.  Given  two  sides  a,  b,  and  their  included  angler. 

Put  s  "1  90"  -  4c,  and  t  d  =  ^~    x    t  s ;  then 
a  SI  t  -t-  d;  and  6  e=  s  —  rf.    And  c  =  ^^  C—"^; — *- 
+  (a  -  B)*). 
Or  in  lo^rithms,  putting  x.  a  as  s  i.  (a  —  sjt  ana 
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L.  ft  =  I"  2a  -^  L.  Sb  -t-  3l.  1.  jc  -  20,  we  shKll  have 
L.  c  =  1 1.  («  +  ii)- 
If  tbe  angle  c  be  right,  or  =  90° ;  then 

c  =s  ~^A,  or  =  ^-^B,  or  =>/{a*  +  b'}. 
If  A  =  b:  we  shall  have  I  „_•■*<■  ,  g. 
a  =  6  =  90°  -  ic,  and      [  '^  "    r     "  ''*• 

QiM  3.  When  a  side  and  its  oppoiil«  angle  are  among 
the  terms  given  ;   then 

^  s=  — -  =s  — ;  from  which  equaiioni  any  term 
wanted  may  be  found. 

When  an  au^e,  as  a,  is' 90%  and  a  and  c  ere  given; 
then 

B  =v'(A*  -  c»)  =^/(A  +  C)  X  (A  -  c). 
And  L.  B  =  i(i..  (a  -t-  c)  +  l.,{a  -  c)). 
Note,  V/hen  two  sides  a,  b,  and  an  angle  a  opposite  to 
one  of  them,  are  given ;  if  a  be  lets  than  B,  then  b,  c,  c 
have  each  two  values  ;  otherwise,  only  one  value. 

II.  In  a  spherical  triangle,  whose  three  sides  arc  a,  b,o, 
and  their  opposite  angles  a,  b,  c;  any  three  of  these  six 
terms  being  given,  to  fittd  tlte  rect. 


Cox  1.     Given  the  three  sides  a,  b,  C. 
Calling  it  the  perim.  or  p  s=  |  (a  +  b  -<-  c). 


Then  1.16  a  r  v<- 
And  •'{«  =  r  v'- 


'■[*  -  c) 


j..».Jc  =  i  (l.s.(f  —  a)  +  i,a(p-c)  -y-  I's-A  4-  l's,b) 

■L.l'|C  =s  }  (lap  +  1.J.(P  —  C)   +  l-'s-A    +  l's.B). 

And  the  same  for  the  other  angles. 

due  2.     Given  tbe  three  anglas. 
Put  2p  =  o  -4-  i  -*■  c.     Then      ' 

t,»,ic  =  i(L.»'p  +  i.V(p  —  c)  +  l'sji  ■+•■  l's.b). 
t.s'fc  =  4(l.s'(p  -a)  ■*■  L.s'(p  -  6)  +  L'8.rf -I-  L».'ft) 
And  the  same  for  the  other  sides. 
iiote.     The  sign  >  signifies  greater  than,  asd  <  less; 
alto  ta  the  difference. 

Gw  3.     Given  a,  B,  and  included  angle  c. 

To  find  an  angle  a  opposite  the  side  a, 
let  r  :  s'c  :  :  t.  A  :  t.  u,  like  or  unlike  a, 
as  c  is  >  or  <  90' ;  Jso  m  s  b  en  h  : 
then  s.  IT  :  8.  H  : :  t.  c  :  L  a,  like  or  unlike 
c  as  M  is  >  or  <  8. 
•      Or  let  s'5(a  +  b)  :  ^\(a  «  B^  :  :  t'^c  :  t  M, 
which  is  >or-<90°a8  A  +  b  is>or<  IBO"; 
.  and  «.i{A  +  b)  :  s.Ca'etb)  :  :  ("jc  :  t.  n,  >  90°. 
-  then  a  =  tt  t-  v;  and  b  =  u  —  n. 
Again  let  r  :  s'c  *. :  t.  a  :  t.  m,  like  or  unlike  a  as  c  is 
>■  or  <!  90*;  and  w  =  b  w  m. 

Tbens'H  :  s'h  ::  s'a,  R^c,  like  or  unlike  k  as  c  it 
>or<90''.     Or. 

•.4c  fE  v':.'/^'      ♦  »*i(*  w  >). 
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In  logaritbmih  put  L.  «  ;=  2L.a.i(A  w  b)  ;  and 

L.  ft  SB  L.S.  A  -t-  L.t.  B  .h  2L.l.ic  —  SO;  then 
L.g.iC  =  4.L.(tJ   +  ft). 

Ctut  4.    Given  a,  h,  and  included  aide  c. 
First,  let  r  :  s'c  :  :  t.  a  ^  t'm,  like  or  unlike  a  at  C  is 

>  or  <  90°;  also  n  =;  b  t/i  m. 
Then  s'n  :  s'm  ; :  t,  c  :  t,  a,  like  or  unlike  n  as  a  it  >  or 

■  <  90°. 

Or,  let  i'i\a  +  b)  :  s'f  (a  «  6)  ;  :  t.^c  :  t.  m,  >  or  ■<  96' 

asa  -t-  iis  >.or<  180"; 

and  s'^Ca  +  ft)  :  s  i(B  w  t)  :  :  t.  ^c  :  t  »,  >  90°  ; 

then  A  =  U  ±  K ;  and  b  =  h  ^  h. 

Again,  let  r  :  s'c  :  :  t.  a  :  fm,  like  or  unlike  a  as  c  is 

>-or<90''; 
^  and  n  =  bvnn; 

then   s.M.  :  sj),  :  :  s'a  :  s'c,  like  or  unlike  a  as  tn  is 
f-  or  -<  6. 
Cue  5.    Given  a,  b,  and  an  opposite  angle  a. 
IsL  8.  A  :  s.  a.  :  :  t.  B  :  8.  ft,  >  or  ■<  90°. 
2nd.     Let  r  :  s'b  :  :  t.  a  :  t'm,  like  or  unlike  b  at  a  is 

>  or  <  90° ; 

and  t.  A  :  t.  B  :  :  s'm  :  t'n,  like  or  unlike  a  at  a  is  >  or 

then  c  SI  m  ±  *,  two  values  also. 
3dly.    Let  r  ;  a'd  :  :  I.  B  :  t.  h,  like  or  unlike  B  as  a  » 

>.or<BO°j 

ud's'B  :  i^A  : :  i'h  :  s'k,  like  or  unliite  a  at  a  is  >•  or 

■<90°: 

then  c  B  M  ±  IT,  two  valuei  alto. 

But  if  A  be  equal  to  b,  or  to  its  supplement,  or  b6> 

tween  x  and  ib  supplement ;  then  is  ft  like  to  b  :  also  c  ji 

s:  m  7  N,  and  c  =  h  ±  it,  at  b  is  like  or  uiilike  a. 

Catc  6.     Given  a,  b,  and  an  opposite  tide  a< 
ItL  s.  a.  •  s.  A  :  :  t.  ft  :  s.  B,  >  or  ■<  JO". 
2nd.    Let  r  :  t'ft  : ;  t.  a  :  to  t.  h,'  like  or  unlike  t  at  a  it 
>or<90°; 
and  t.  a:  t.ft. :  :  s.  M  :  a.v,  >■  or  <!  90°: 
then  c  =  If  ±  Hj  at  a  is  like  or  unlike  b. 
Sdly-     Let  r  :  s'a  :  :  t  4  :  t'm,  like  or  unlike  ft  at  a 

>  or  <^  90°  J 

and  I'ft  :  s'd  :  :  s.  m. :  ».  n,  >  or  ■<  90° : 
then  c  =  m±n,asais  like  or  unlike  ft. 
But  if  A  be  equal  to  x,  or  to  its  supplement,  or  be- 
tween B  and  its  supplement;  then  b  is  unlike  ft,  and  only 
the  less  values  of  ir,  n,  are  possible. 

Note,  When  two  sides  a,  b,  and  their  opposite  angles 
a,  b,  are  known  ;  the  third  side  c,  and  its  opposite  angle 
c,  are  readily  found  thus: 

i.4(acflft)  :  B.i(a  *  ft)  :  :  Li(A«B)  :  t.ic. 
s.i(AMB)  ;  s.J(A-t-B)  ::  t.4(#i»fc)  :  t.i«. 

^  l3 

\  in.  in  a  right-angled  spherical  triangte,wbere  u  it  the 
hypothenute,  or  side  opposite  the  right  angle,  B,  P  the 
ether  two  sides,  and  ft,  p  their  opposite  angles ;  any  two 
of  these  five  terms  being  given,  to  ind  the  rest ;  the  cases, 
with  their  solutions,  are  as  in  the  following  table. 

The  same  table  will  also  serve  ^r  tbe  qijadrantal  tri- 
angle, or  that  whi<^  hw  que  tide  =  So\  Ji  iMing  tlu 
S  Z  2 
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MEle  opposite  tlwt  side,  b,  t  the  olSer  two  angle*,  luid     its  supplenwnt :  and  mutually  change  the  terms  Jih  and 
*,pilieir  opposite  Bides:  obsemng,  instead  uf  ii,  to  take    im/i"te  for  each  other  where  n  is  concerned. 


1 

s 

■k^. 

SOLUTIONS, 
s.  u.  1  r      :  :  S.B   ;  s.A,  and  is  like  x 
.'b     i  r"  ■  i  »-f,  !  X  }  ■  >  "  <  90=  as  ti  is  like  or  unlike  b 

2 

r      ;sii   ;  ;  8.6    ;  s.B,  like  6 

r     ;S,  ::;:";  [;;}.> -<:9e' as  n  is  like  or  uolike  j' 

3 

S.6     ;    r    :  :  s.B  :  s.ii  1 

r      :  I.B  :  :  I'h   ;  s.p  > ,  each  >  or  <  90";  both  values  true 
s'b     :    r    ::  .'6    ;   ».;,   S 

4 

H 

r      :  I'n  ;  :  s>   :  I'li,  >  or  <:  90°  us  B  is  like  or  unlike  p 
r      ;  s'b  :  :  s.p  :  .'4,  like  B 
r      :  s.B  :  :  ip  :  t.P.  likep 

5 

r      :  s'fl  :  :  s'p  :  s'li,  >  or  <:  90"  as  b  is  like  or  unlike  P 
r      :  s.P  :  :  t'n  :  I'b,  like  b 
r      :  S.B  :  :  I'p  :  1>,  like  P 

6 

r      ;  t'b    :  :  i'p  :  s'h,  >  or  <  i)<)°  us  fr  is  like  or  uiilikop 
s.p    :    r  .::  s'6  :  &'b  like  i 
s.*    :    r     :  :  s'p  :  s'p  like  p 

Tile  following  propositions  end  remarks,  concerning 
ipliericul  triangles,  (selected  and'  cominunicaccd  by 
the  reverend  Nevil  Maskelyne,  D.  i>.  astrononier  royal, 
p.  R.  a.)  will  also  render  the  calculations  mf  thctn  perspi- 
cuous, and  free  rrom  ambiguity. 

"  1.  A  spherical  triangle  is  equilateral,  isoscelar,  or 
scalene,  Recording  at  it  has  its  three  angles  all  equal, 
or  two  of  them  eijual,  or  all  three  unequal;  and  vice 
ver/d. 

3.  Ilie  greatest  side  is  always  opposite  the  greatest 
■sgle,  and  the  smallest''sid«  opposite  the  smallest  angle. 

5.  Any  two  sides  taken  together,  are  greater  than  the 
third. 

4.  If  the  three  angle;  arc  all  acute,  or  all  I'lght,  or  all 
obtuse  ;  the  three'  sides  wilt  be,  accordingly,  all  less  than 
SO'*,  or  equal  to  90°,  or  greater  than  90°;  and  vice  vena. 

5i  If  from  the  three  angles  a,  B,  C,  of  a  Iriatlgle  ABC, 
asputes,  there bi'  dtacribed,  upnn 
the  surface  of  the  sphere,  three 
arches  of  a  great  circle  Di:,  or, 
PE,  forming  by  their  intersec- 
tions a  new  spherical  triangle 
DEF  ;  each  side  of  the  new  tri- 
angle will  be  the  supplement  of 
the  angle  at  its  pole ;  and  each 
BOgle  of  the  same  triangle,  will  be  the  supplement  of  the 
side  opposite  lo  it  iii  the  triangle  abc. 

6.  Id  any  triangle  abc,  or  a6c,  right-angled  in  a,  Ist, 
The  angles  at  the  hypothenuse  are  al- 

,ways  of  the  same  kind  as  their  oppo- 
site sides ;  Sdly,  The  hypothenuse  is 
less  or  greater  than  a  quadrant,  ac- 
cording as  the  sides  including  the 
right-angle  arc  of  the  same  or  dif- 
ferent kinds;  that  is  to  say,  accord- 
ing as  these  same  sides  are  either  both  acute  or  both  ob- 
tuse, or  as  one  is  acute  anif  the  other  obtuse.  And,  wee 
twrni,  1st,  The  sides  including  tbe  right  angle,  are  always 
of  the  same  kind  as  their  opposite  ai  ' 
iocluding  Aa  right  angle  wilt  be  of 


kinds,  according  as  the  hypothenuse  is  less  or  more  than 
90°;  but  one  at  least  of  Ihcni  will  be  of  90°,  if  the  hypo- 
thenuse is  so." 

Analyfical  Tkigokometry.  See  my  Course  of  Mik- 
tbematics,  last  vol: 

TRILATERAL,  three-sided,  aterra  applied  to  all  figures 
of  three  sides,  or  Iriungles. 

TRILLION,  in  Arithmetic,  the  number  of  a  million 
of  billions,  or  a  million  of  million  of  millions. 

TRIMMERS,  in  Architecture,  pieces  of  timber  framed 
at  right  angles  to  the  joists,  against  the  ways  for  chimneys 
to  support  the  hearths,  and  the  well-boles  for  stain. 

TRINE  Dimeiaion,  or  ihretfold  dimension,  includes 
length,  breadth,  and  thickness.  Tbe  trine  dimension  is 
peculiar  to  bodies  or  solids. 

TRINITY  Sunday,  is  the  next  after  Whitsunday ;  to 
called,  because  on  that  day  waa  anciently  held  a  festival 
(as  it  still  continues  to  be  in  the  Romish  church)  in  honor 
of  the  Holy  Trinity.— The  observance  of  this  festival  was 
first  enjoined  by  the  6th  canon  of  the  council  of  Aries,  in 
1360  i  And  John  the  32d,  who  distinguished  himsilf  so 
much  by  his  opinion  concerning  the  beatific  vision,  it  is 
said,  fixed  the  office  fnr  this  festival  in  1334. 

lillNODA,  or  TaiNODiA  Terra,  in  some 'ancient 
writers,  denotes  tbe  quantity  of  3  percht-s  uf  land. 

1'RINOMIAL,  in  Algebia,isa  quantity,  or  a  mot,  con- 
sisting of  three  pbrts  or  terms,  cimnecicd  together  by  the 
signs  -»-  or  —  ;  as  o  -*-  fi  —  c,  or  i  -h  y  -4-  z, 

TRIO,  ill  Music,  a  part  of  a  concert  in  which  three 
persons  sing;  or  rather  a  musical  composition  consisting 
of  3  parts. — Trios  are  the  finest  kind  of  musical  compo- 
sition, and  please  most  in  concerts. 

JRIONES,  in  Astronomy,  a  kind  of  constellation,  or 
assemblage  of  7  stars  in  the  Ursa  Major,  popularly  called 
Charles's  Wain.— From  the  Septem  Triones  the  north  pole 
takes  the  denomination  Septentno, 

TRIPARTITION,  is  a  division  by  3,  or  the  taking  of 
the  3d  part  of  any  number  or  quantity. 

TRIPLC,  threefold.     See  Ratio  and  Subtbiple. 

Tbiple,  in  Music,  is  one  of  the  species  of  measure  oi 
time,  and  it  taken  from  bence,  that  the  whole,  or  htlf 
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3  equal  parts,  and  is  beaten  ac-  sents  tbe  trunk  of  a  tr«e,  charged  or  encompaBSpd  all 
'  around  with  arms  or  military  weapons,  both  offensive  and 
deffniive. 

TROPICAL,  something  relating  to  the  tropics.  As, 
TROPiCAL-mnds.     See  Wind,  and  TEADE-ZfiW*. 

Tropical  Year,  the  space  of  time  during  which  the 
sun  passes  round  from  a  tropic,  til!  his  return  to  it  again. 
See  Year. 

TROPICS,  in  Astronomy,  two  fixed  circles  of  the 
sphere,  drawn  parallel  to  the  equator,  through  the  solsti- 
tial  points,  or  at  such  distance  from  the  equator,  as  is  equal 
to  the  sun's  greatest  recess  or  declination,  or  lo  the  oblt- 
quily  of  ibc  ecljptic. 

That  on  the  north  side  of  the  equator,  passes  through 
the  first  point  of  Cancer,  and  istherefure  called  tbe  Trupic 
of  Cancer.  And  tlie  other  on  the  south  side,  passing 
through  the  first  point  of  Capricorn,  is  called  the  Tropic 
of  Capricorn. 

To  determine  the  distance  between  the  two  tropics,  and 
thenra  the  sun's  greatest  declination,  or  the  obtiquitv  of 
the  ecliptic  ;  observe  the  sun's  meriilian  altitude,  both  in 
the  summer  and  winter  solstice,  and  subtract  the  latter 


measttre,  is  divisible 
cordingly. 

TRIPLICATE  Aiiio,  is  the  ratio  nhich  cubes,  or  any 
similar  solids,  bear  to  each  other;  and  is  the  cube  of  the 
■impte  ratio,  or  this  twice  multiplied  by  itself.  Thus  1  to 
,8  is  the  triplicate  ratio  of  I  to  2,  and  i  to  27  triplicate 
of  1  to  S. 

TRIS-DiAPASON,  or  Triple  Diapamt  Chord,  in  Music, 
is  what  is  otherwise  called  a  triple  ei([bth. 

"TRISECTION,  the  dividing  a  thing  into  three  equal 
pans.  The  term  is  chiefly  used  in  geometry,  for  the  divi- 
■  Eton  of  an  angle  into  three  equal  parts.  The  trisection  of 
an  angle  geometrically,  is  one  of  those  great  probjems 
whose  solution  has  been  so  much  sought  for  by  mathema- 
ticians, for  2000  years  past;  being,  in  thij  respect,  on  a 
tooling  with  the  famous  one  concerning  the  quadraturi;  of 
the  circle,  and  ibe  duplicaturc  of  the  cube. 

The  ancients  trisected  an  angle  by  means  of  the  conic 
sections,  and  the  book  of  inclinations  ;  and  Pappus  enu- 
merates several  ways  of  doing  it,  in  the  4th  book  of  his 
Mathematical  Collections,  prop.31,  32,  33,  34,  35,  &c. 
lie  fuTlber  observes,  that  the  problem  of  trisecting 


glc,  is  a  solid  problero,or  a  problem  of  iLc  3d  degree,  being  from  the  former,  so  shall  the  remainder  be  ihcdisi 

expressed  by  the  resolution  of  a  cubic  equalian,  in  which  tween  the  two  tropics  ;  and  the  half  of  this  the  quantity 

way  it  has  been  resolved  by  Vieta,  and  others  of  the  mu-  of  the  greatest  declination,  or  tbe  obliquity  of  the  ecliptic; 

derns.     See  his  angular  sections,  with  those  of  other  au'  the  medium  of  which  is  now  23°  37'  46"  nearly. 

th(irs,and  thelriscctioninparticularby  cubicequationg.as  Tropics,  in  Geography,  are  two  lesser  circles  of  ths 

in  Guisne's  Application  of  Algebra  loGeometry, in  I'Hos-  globe,  drawn  parallel  to  the  equator  through  the  begin- 

pital's  Conic  Sections,  and  in  Emerson's  Trigonometry,  nings  of  Cancer  and  Capricorn,  being  in  the  planes  of  the 

boolt  l,scc.  4.    The  cubic  equation  by  which  the  problem  celestial  tropics,  and  consequently  at   23' 28'  distance 

of  trisection  is  resolved,  is  as  follows  :  Let  2c  denote  the  nearly,  either  way  from  the  equator, 

chord  of  a  given  arc,  or  angle,  and  x  the  chord  of  the  3d  TKOY-IVeiglit,  anciently   culled  trone-weight,  is  sup- 


part  of  the  same,  to  the  radius  1 ;  thei 
by  the  resolution  of  which  cubic  equation  is  found  the  va- 
lue of  I,  or  the  chord  of  the  3d  part  of  the  given  arc  oi 
RDgjIe,  whose  chord  is  c  ;  and  the  resolution  of  this  equa- 
tion, by  Cardan's  rule,  ^ves  the  chord 

orx  «i/(  -  c  -H  ^/{c'  -  J)  )  +  =/(-  c  -  ^(c'  -  0), 

TRISPAST,  or Tbispa!(tom,  in  Mechanics,  a  machine 
with  3  pulleys,  or  an  assemblage  of  3  pulleys,  for  raising  '  grains,  being  the  li 
great  weights ;  being  a  lower. species  of  'the  polyspaston.       'he  divisions  of  troy 

TRITK,  in  Music,  the  3d  musical  chord  in  the  system 
of  the  ancients. 

TRITON E,  in  Music,  a  false  concord,  consisting  of 


posed  to  be  taken  from  a  weight  of  the  same  r 
France,  and  that  from  the  name  of  the  town  of  Troyes  - 
there.  The  original  of  hII  weights  used  in  England,  was 
a  com  or  grain  of  wheat  gathered  out  of  the  middle  of 
tbe  ear;  and,  when  well  dried,  32  of  ihcni  were  to  make 
one  pennyweight,  20  pennyweights  1  ounce, and  12  ounces 
I  pound  troy.  Vide  staiuies  of  Al  Hen. Ill;  31  ii.d.1. 
and  12  Hen.  VII.  liut  afterward  ii  was  thought  sufficient 
to  divide  tbe  said  pennyweight  into  34  equal  parts,  called 

(eight  now  in  common  use  ;  so  tbM 

■ight  now  are  these: 

^  I  pennyweight  dwi. 

=  1  ounce  oz. 

=  1  pound  Ibi 

vcighed  jewels,  gold,  : 


20  penny w< 


By  iroy~weight  a 


liq». 


er,  and  all . 


TRUCKS,  among  Gunners,  are  the   small    wooden 
wheels  fixed  on  the  axletrees  of  gun  carriages,  especially 


« tones,  or  a  greatej-  third,  ajid  a  greater  tone. 
tiooT  proportion  in  numbers,  js  ifiatof  45  to  32. 

TROCHILE,  in  Architecture,  is  that  hollow  ring, 
cavity,  which  runs  round  a  column  next  to  the  tore. 

TROCHLEA,  in    Mechanics,  one  of  the    mechanic     those  for  ship  service,  to  move  cbem  about  by. 
powers,  more  osually  called  the  pulley.  TRUE  Omftmcticm.     See  True  CoBjiruCTiOM. 

TROCHOID,  in  the  Higher  Geometry,  a  curve  de-         True  Place  qfa  Plana  or  Siar,  is  a  point  in  tbe  hea- 
acribed  by  a  point  in  any  part  of  the  radius  of  a  wheel,     vens  shown  by  a  right  line  drawn  from  the  centre  of  the 
during  its  rotatory  and  progressive  motions.     This  is  the     earth,  through  the  centre  of  the  star  or  pli 
lally  called  the  cycloid, 


same  curve  as  what 

where  the  construction  and  properties  of  it  are  shown. 

TRONB  Weifiht,  the  most  ancient  of  the  different 
weights  used  in  Scotland. 

TftoHB  iVntruJ,  in  Scotland,  contains  SO  Scotcb  ounces. 
Or  because  it  is  usual  to  allow  one  to  the  score,  the  trone 
pound  is  commonly  21  ounces. 

TaoRS  Slone,  in  Scotland,  according  to  Sir  John  Skene, 
contain^  19^  pounds. 


of  the  I 
TRUMPET,  Luienitig  or  Hearing,  is  an  instrument  in- 
vented by  Joseph  Landini,  ^o  assist  tbe  hearing  of  per- 
sons dull  of  that  faculty,  or  to  assist  us  to  beur  persons 
wbo  speak  at  a  great  dbiance.  Instruments  of  this  kind 
are  formed  of  tubes,  with  a  wide  mouth,  and  terminating 
in  a  small  canal,  which  is  applied  to  the  ear.  The  form 
of  these  instruraentt  evidently  shows  how  they  conduce 
to  assist  the  hearing;  for  the  greater  quantity  of  the  weak 
and  languid  pulses  of  the  air  being  received  and  collected 


TROPHY,  in  Architecture,  ui  onuunent  which  repre-    by  the  large  end  of  the  tube,  are  reflected  to  the  small 
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end,ivheTe  tbey  are  collected  and  coiideiued  ;  ifacBceen-  sound:  on  the  contrary,  it  prevcnti  the  iafiDitenumbet  of 

tcriti^  the  ear  in  this  condensed  slate,  they  strike  the  tym-  letlections  and  reciprocations  of  sound,  in  which,  accord- 

panum  with  «  greater  force  than  they  could  naturally  have  ing  to  Newton,  its  augmentation  chiefly  consists ;  the  ang- 

done  from  the  ear  alone.     Hence  it  appears,  thatatjieak-  mentation  of  tbe  impetus  of  the  pulses  of  wr  being  pro- 

ing  trumpet  may  be  applied  to  the  purpose  of  a  hearing  porlional  to  the  number  of  repercussions  from  the  sides 

trumpet,  by  turning  tbe  wide  end  towards  the  sound)  end  of  the  tube,  and  therefore  to  its  length,  and  to  such  a 

the  narrow  end  to  the  ear.  figure  as  is  most  productive  of  them.     Hence  he  infers, 

Speaking  Thuhpbt,  is  a  tube  of  a  considerable  length,  that  the  parabolic  trumpet  is  the  most  unfit  of  any  for 

from  6  to  15  feet,  used  forspeaking  with  to  make  the  voice  this  purpose  ;  and  he  endeavours  to  show,  that  the  loga- 


be  heard  to  a  greater  distance.     This  tube,  which  is  made 

of  tin,  is  siraigbt  throughout  its  length,  but  opening  to  a 

large  aperture  outwards,  and  the  other  end  terminating  in 

proper  shape  and  size  to  receive  both  the  lips  in  the  act 


logistic  curve  gives  the  best  form,  via,  by  a  re- 
volution about  ill  axis.  Martin'*  Philoa.  Brit.  vol.  S, 
pa.  348,  3d  edit. 

But  Castegrain  is  of  opiuou  that  an  hyperbola,  having 


of  spealcing,  Che  speaker  pushing  his  voice  or  the  sound     the  axis  of  the  tube  for  an  asymptote,  is  the  best  figui 
outwards,  by  which  means  it  may  be  heard  at  tbe  distance     this  instrument.     Musschenb.  Imr.  ad  Pbil.  Nat.  torn.  3, 


The-  invention  of  this  trumpet  is  held  to  be  modern,  and 
has  been  ascribed  to  Sir  Samuel  Moreland,  who  called  it 
the  tuba  itenloropbonica ;  aitd  in  a  work  of  the  same  name, 
.published  at  London  in  1671 ,  that  author  gave  an  sccoi 
of  it,  and  of  several  e.xpcriments  made  with  it.     With< 
0^  these  instruments,  of  5^  feet  long,  2 1  inches  dii 


at  tbe  greater  end,  and  i  inches  a 


the 


pa.  926, 4to.  For  other  constmctioiia  of  speakiag-trutn- 
pets,  by  Mr.  Conyen,  see  Philos.  Trans.  No.  141,  for 
1678. 

TRUNCATED  Pyramid  or  Ccme,  is  the  frustum  of  one, 
being  the  part  remaining  at  tbe  botton,  aAer  the  top  is 
cut  off  by  a  plane  parallel  to  the  base.    See  FruhtuhI 

TRUNNIONS,  of  a  piece  of  ordnance,  arc  those  knobs 


Deal  Castle,  the  speaker  was  heard  tu  the  distance  of  3 
miles,  the  wind  blowing  from  the  shore. 

But  it  seems  that  Kircher  has  a  better  title  to  the  in- 
vehtion  ;  for  it  js  certain  that  he  had  such  an  instrument 
before  ever  Moreland  thought  of  his.  That  author,  in  his 
Phonurgia  Nova,  published  in  1673.  says,  that  theirom. 


laller,  tried  at    or  short  cylinders  of  metal  on  the  sides,  by  which  it  rests 


I  the  cheeks  of  the  carriage. 

TsitivsioTt-limg,  is  the  ring  about  a  cannon,  next  be- 
fore the  trunnions. 

TSCHIRNHAUSEN  (Ebkprot  Walxkk),  an  inge- 
nious mathematician,  lord  of  KiUingswald  and  of  Stolien- 
berg  in  Lusatia,  where  he  was  bora  in  1651.     After  hav- 


lublished  last  year  in  England,  he  invented  24  years     ing  served  as  a  volunteer  in  the  army  of  Holland  in  l£72. 


before,  and  published  in  his  Mesurgia.  Headda,  that^ac. 
Albanus  Ghibbisius  and  Fr.  Eschinardus  ascribe  it  to  him  ; 
«ad  that  G.  Schottus  testifies  of  him,  that  he  had  such  an 
instrument  in  his  chamber  in  the  Roman  college,  with 
which  he  could  call  Co, and  receive  answers  from  the  porter. 
But,  considering  how  famous  the  tube  or  horn  of  AleX' 
ander  the  Great  was,  it  is  rather  strange  that  the  mo- 
derns should  pretend  to  the  invention.     With  his  stenCo- 


fae  travelled  into  most  parts  of  Europe,  as  England,  Get* 
many,  Italy,  France,  &c.  He  went  to  Paris  for  the  third 
time  in  l683  ;  where  he  communicated  to  tbe  Academj 
of  Sciences,  the  discovery  of  the  curves,  called  from  him, 
Tscbirnhauscn's  Caustics ;  and  the  Academy  in  conse- 
quence elected  the  inventor  one  of  its  foreign  tnerabers. 
On  returning  to  Italy,  he  was  desirous  of  perfecting  the 
science  of  optics ;  for  which  purpose  he  established  two 


rophonic  horn  or  tube  he  used  to  speak  to  his  army,  and     glass-works,  whence  resulted  n 


make  himself  be  distinctly  heard,  it  is  said,  100  stadia 
or  furlongs.     A  figure  <^  this  tube  is  preserved  in  the  V 
■tiCan ;  and  it  is  nearly  the  seme  as  that  now  io  use.    S 

STENTOaOPilOKIC. 

The  principle  of  this  instrument  is  obvious;  for 
■ound  is  stronger  in  proportion  to  ttie  density  of  the  ai 
it  follows  thsc  the  voice,  in  passing  ihroush  a  tube 


mpravementi  n 


iptrics  and  physics,  particularly  the  noted  humitig- 
glass  which  he  presented  to  the  regent.  It  was  to  him 
too  that  Saxony  owed  its  porcelane  manufactory.  Con- 
tent with  the  enjayment  of  literary  fame,  Tscbirnhausen 
refused  all  other  honours  that  were  ofiered  him.  Learn- 
ing was  his  sole  delight.  He  searched  out  men  of  talents, 
and  gave  them  encouragement 


trumpet,  must  be  greatly  augmented  by  the  constant  re-  pence  of  printing  the  nsrful  works  of  other  men,  for  the 

flection  and  agitation  of  the  air  through  the  length  of  the  benefit  of  the  public;  and   died,  beloved  and  r^retted, 

tube,  by  which  it  is  condensed,  and  its  action  on  the  ex-  the  11th  of  September  1708. 

temal  air  greatly  increased  at  its  exit  from  the  tube.     It         Tschimhausen  wrote,  De  Medicina  Mentis  etCorporis, 

has  been  found,  that  a  man  speaking  through  a  tube  of  printed  at  Amsterdam  in  l687.    And  the  fallowing  me- 

4  feet  long,  may  be  understood  at  tbe  distance  of  500  moirs  were  printed  in  the  volumes  of  the  Academy  of 

geometrical  paces;  with  a  tube  16^   feet,  at  the  distance  Sciences  :—l.  Observations  on  Burning  Glasses  of  3  or  4 

of  1800  paces;    and  with  a  tube  34  feet  longrat  more  feet  diameter ;  vol.  lfi9Jl.— 2.  Observations  on  the  Glass 

thBn-2500  paces.  of  a  Telescope,  convex  on  both  sides,  of  32  feet  focal  di- 

Though  some  advantage  in  heightening  the  sound,  both  stance ;  1700.-3.  On  the  Radii  of  Curvature,  with  the 

in  speaking  and  hearing,  be'derived  from 'the  shape  of  the  finding  of  Tangents,  Quadratures,  and  Rectifications  of 

tube,  and  the  width  of  the  outer  end,  yet  the  effect  de-  many  curvet;  ]701.— ^.  On  the  Tangents  of  Mec^ani- 


pends  chiefly  on  its  length.  As  to  the  form  of  it,  some 
have  asserted  that  the  best  figure  is  that  which  is  formed 
by  the  revolution  of  a  parabola  about  its  axis;  the 
mouth-piece  being  placed  in  the  focns  of  the  paVabota, 


cal  Curves;  1702. — 5.  On  a  Method  of  Qoadraiures; 
1702. 

TUBE,  a  pipe,  conduit,  or  canal ;  being  a  hollow  cy- 
linder, either  of  metal,  wood,  glass,  or  other  matter,  for 


and  consequently  the  sonorous  rays  reflected  parallel  to  the  conveyance  of  air,  or  water,  Sec.  Tbe  term  is  chiefly 
the  axi»  of  the  lube.  But  Mr.  Martin  ot>serves,  that  this  applied  to  those  used  in  physics,  astronomy,  anatomy,  &c. 
parallel  r^eotion  is  by  no  means  assentialtoiiwreasing  the    Onothar  ordinal^  occanoiu,  we  more  usually  say  p^ 
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In  the  memoirs  of  the  French  Academy  of  Sciences, 
Varrgnoii  has  givvn  a  treatise  on  the  propurtions  for  (he 
diampters  of  tubes,  to  give  any  particular  quantities  of 
water.  The  result  of  his  paper  gives  these  two  analo- 
gies, viz,  that  the  diminutions  of  the  velocity  of  water, 
occasioned  by  its  friction  ngainst  the  sid«s  of  tuhea,  are  at 
the  diameters;  the  tubes  being  supposed  equally  long: 
and  the  quantities  of  water  issuing  out  at  the  tubes,  are 
as  the  square  roots  of  their  diameters,  deducting  out  of 
them  the  quantity  that  each  is  diminished. 

Tube,  in  Astronomy,  is  sometimes  used  for  telescope ; 
but  more  properly  for  that  part  of  it  iato  which  the  lehies 
am  titled,  and  by  which  they  are  directed  and  used, 

TUESDAY,  the  3d  day  of  the  week,  so  called  from 
Tuescn,  one  of  the  Saxon  Gods,  similar  to  Mara;  for 
which  reason  the  astronomicnt  mark  for  ibis  day  of  the 
week,  is*. 

TUMBREL,  is  a  kind  of  carriage  with  two  wheels, 
used  either  in  liusbandry  for  dung,  or  in  artillery  to  carry 
the  tools  of  the  pioneers,  &e,  and  sometimes  likewise  the 
money  of  aa  army. 

TUN,  is  a  measure  for  liquids,  as  wine,  oil,  &c.  The 
English  ton  contains  2  pipes,  ot  4  bogsfaeads,  or  353 
gallons. 

TUNE,  or  Tone,  in  Mnsic,  is  that  property  of  sounds 
by  which  they  come  under  the  relation  of  ncute  and  grave. 
If  two  or  moie  sounds  be  compared  tc^ther  in  this  rela- 
.  tion,  they  are  either  equal  or  unequal  in  the  degree  of 
tune :  such  as  are  equal,  are  called  unisons.  The  unequal 
constitute  what  are  called  intervals,  which  are  the  diflie- 
KRCes  of  tone  between  sounds. 

Sonorous  bodies  are  found  to  differ  in  tone:  1st,  Ac- 
ci>rding  to  tlte  different  kinds  of  matter;  thus  the  sound 
of  a  piece  of  gold,  is  much  graver  than  that  of  a  piece  of 
silver  of  the  same  shape  and  dimensions.  2d,  According 
to  the  diftrent  quantities  of  the  same  matter  in  bodies  of 
the  same  figure ;  as  a  solid  sphere  of  brass  of  1  foot  dia- 
meter, sounds  acuter  than  a  sphere  of  brass  of  3  feet 
diameter. 

But  the  measures  of  tone  are  only  to  be  sought  in  the 
relations  of  tbe  motions  that  are  the  cause  of  sound,  which 
are  most  discernible  in  the  vibration  of  chords.  Now, 
in  general,  we  find  that  in  two  chorda,  all  things  being 
equal,  excepting  the  tension,  the  thickness,  or  the  length, 
th«  tones  are  different;  which  difference  can  only  be  in 
the  velocity  of  their  vibratory  motions,  by  which  they 
perform  a  differest  numberof  vibrations  in  the  same  time; 
as  it  is  known  that  all  the  small  vibrations  of  the  same 
chord  are  performed  in  equal  times.  Now  the  frequenter 
or  quicker  those  vibrations  are,  the  more  acute  is  the 
tone;  and  the  slower  and  fewer  they  are  in  the  same 
time,  by  so  much  the  more  grave  is  tbe  tone.  So  that 
any  given  note  of  a  tune  is  made  fay  one  Certain  measure 
of  velocity  of  vibrations,  that  is,  such  a  certain  numberof 
vibrations  of  a  chord  or  string,  in  such  a  certain  part  of 
time,  constitutes  a  determinate  tone. 

This  theory  is  strongly  supported  by  the  best  and  latest 
writers  on  music.  Holder,  Malcolm,  Smith,  &c,  both  from 
reason  and  experience.  Dr.  Wallis,  who  owns  it  very 
reasonable,  adds,  that  it  is  evident  the  degrees  of  acute- 
Bess  are  reciprocally  as  the  lengths  of  the  chords;  though, 
he  says,  he  will  not  positively  affirm  that  the  degrees  of 
acuteness  answer  the  number  of  vibrations,  as  their  only 
tnift  cause :  but  bis  diffidence  ariaea  from  hence,  that  he 


doubts  whether  the  thing  has  been  sufficiently  confirmed 
by  experiment. 
TUNNAGE.     SeeToKNAGE. 

TURN,  is  used  for  a  circular  motion  ;  in  which  sense  it 
agrees  with  revolution, 

Turk,  in  Clock  or  Watch-work,  particularly  denotes 
the  revolution  of  a  wheel  ur  pinion.     In  calculation,  the 
number  of  tarns  which  the  pinion  has,  is  denoted  in  com- 
mon arithmetic  thus,  5)  bO  [  13,  uhere  the  pinion  5, 
playing  in  a  wheel  of  60,  moves  round  13  times  in  one 
turn  of  the  wheel.     Now  by   knowing  the  number  of 
turns  which  any  pinion  makes  in  one  turn 'of  the  wheel 
it  works  in,  is  easily  found  how  many  turns  a  wheel  or 
pinion  hns  at  a  greater  distance ;  as 
the  cunlrai-wbeel,  crown-wheel,  &c,  .5  )     55'    (11 
by    multiplying    together    the  quo-     g  t     *i     (     Q 
tients,  otid  the  number  produced  is         '  ^     " 

the  number  of  turns,  as  in  the  exam-     5  )     40     (     8 
pie  here  annexed  :    tbe  first  of  thete 
three  numbers  has  11  turns,  the  next  g,  and  the  last  8  : 
by  multiplying  II  by  9,  it  produces  syi  that  is,  in  one - 
turn  of  the   wheel  55,  there  are  .99  turns  of  the  second 
pinion  5,  or  the  wheel  45,  which  runs  concenirical  or  on    . 
tbe  same  arbor  with  the  second  pinion  5 :  and  again  mul- 
tiplying 99  by  the  last  quotient  S,  it  produces  793,  which 
is  the  number  of  turns  the  third  pinion  5  has.  SeeCLoCK- 
work,  and  PimoN, 

TURNING  to  uiindward,  in  Sea-Language,  denotes 
that  operation  in  sailing  when  a  ship  endciivours  to  make 
a  progress  against  the  direction  of  the  wind,  by  a  com- 
pound course,  inclined  to  the  place  of  her  destination. — 
This  method  of  navigation  is  otherwise  called  plying  to 
windward. 

TUSCAN  Order,  in  Architecture,  is  the  first,  tbe  sim-L 
plest,  and  the  strongest  or  most  massive  of  any.  Its 
column  has  7  diameters  in  height;  and  its  capital,  base, 
and  entablement,  have  no  ornaments,  and  but  few  mouldr 
ings. 

TWELFrH-Z%,  the  festival  of  the  Epiphany,  or  the 
manifestation  of  Christ  to  the  Genliles,  so  called,  as  be- 
ing the  twelfth  day,  exclusive,  from  the  nativity  or  Christ- 
mas-day ;  of  cour^  it  falls  always  on  the  6th  day  of 
January. 

TWILIGHT,  in  Astronomy,'  is  that  faint  light  which 
is  perceived  before  sun-rising,  and  aftt'r  EUO-selting.  The 
twilight  is  occasioned  by  the  earth's  atmosphere  refract- 
ing the  rays  of  the  sun,  and  reflecting  them  among  its 
particles. 

The  depression  of  the  sun  below  the  horiion,  at  the  be- 
ginning of  the  morning,  and  end  of  the  evening  twilight, 
has  l>cen  variously  stated,  at  different  seasons,  and  by  dif- 
ferent observers  :  by  Alhazen  it  was  observed  to  be  19"  t 
by  Tycho  1?";  by  Rothmaii2+°;  by  Stevinus  IS";  by 
Cassini  15° ;  by  Riccioli,  at  the  time  of  the  equinox  in 
the  morning  l6^,  in  the  evening  SO}";  in  the  summer 
solstice  in  the  morning  21°  25',  and  in  the  winter  17°  15', 
Whence  it  appears  that  the  cause  of  the  twilight  is  varia- 
ble ;  but,  on  a  medium,  about  18°  of  the  sun's  depression 
will  serve  tolerably  well  for  our  latitude,  for. the  begin- 
ning and  end  of  twilight,  and  according  to  which  Dr. 
Long,  ^in  his  Astronomy,  vol.  1,  pa.  258)  gives  the  fol- 
lowing table,  of  the  duration  of  twilight,  in  different  lati- 
tudes, and  for  lereral  difierent  declinations  of  the  sun. 
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Where  c  d  signify  that  it  is  then  conlinual  day,  c  »  con- 
tinual night,  and  w  n  ihat  the  twilight  lasts  the  whule  night. 
i>rob.—To_find  the  Begimmg  or  End  i/  Tteilig/U. 
In  this  problem,  there  arc  given  the  sides  of  an  oblique 
spherical  triangle,  to  fiiid  an  angle  ;  vii, 
given  the  side.ZP  ibc  cu-latittidc  of  the 
place;  r0  the  co-declination,  or  [lolardi- 
-atance;  and  z0  liio  zenith  dlslnntv,  which 
is  always  equal  to  108",  viz,  90*  from  the 
lenitb  to  the  horizon,  and  18°  more  for  ihc 
•un's  distance  below  the  horizon.  Forex- 
ample,  suppose  the  place  London  in  lati- 
tude 51'  32",  and  the  lime  the  1st  of  May, 
when  the  sunn  declination  is  15*  12*  north. 
Here  then  zF  =  38°  38'  the  complement  of  51*  SS*  and 
p0  =  74"  48',  the  complement  of  16"  l^.  Then  the  Cal- 
culation is  as  follows. 

p©  =  74"  48' 
pz  =38  28 
pO  —  P2       =  36  20  =  » 

zO  t=  108  00 
Z0  -1-  D         !=  144  20     I    72*  IC  =  iCz©  -.-  D* 
■O  -  »         =    71  40    I     35  50  =  4(z©  -  D) 
Then, 

Co-ar.  sin.  polar  dist.    =  74*  48'         -        0-01 547 

Co-ar.  sin-  colat.      -     =  38  28  -  ■      O'206l7 

Sine4(z©  +  D)    -     =  72  10  -         997861 

Sine  §(z©  -  D)     -     =  35  50     '     -         9-76747 

Sum  of  these  four  log».  -  -       19-96772 

Half  sum  gives  74°  38i'  -  9  98386 

Which  doubled  gives  148  57  for  the  angle  zpo, 

■^    This  148*57'  reduced  to  time,  at  the  rate  of  I5'>per 

hour,  gives  9*  55*  48',  either  before  or  after  noon;  that 

is,  the  twilight  begins  at  2*'  4'"  12'  in  the  morning,  and 

ends  at  g*  55"  48*  in    the  evening  on  the  given  day  at 

To  dnd  the  time  of  shortest  twilight  at  any  given  place, 
say,  as  radius  to  the  sine  of  the  latitude,  so  is  the  tangent 
of  T  to  the  sine  of  the  sun's  declination  at  the  tirfie  re- 
quired.—The  declination  of  the  sun  and  the  latitude  of 
the  place  must  be  of  contrary  kinds. —  Hence,  at  ttbout  51 
or  52  degrees  north  latitude,  the  twilight  will  be  shortest  at 
about  the  2d  or  3d  of  March,  and  the  llth  or  12th  of 
October. 

TWINKLING  qf  the  Stan,  denote*  thkt  tremulous 
motion  which  is  observed  in  the  light  proceeding  from  the 
fixed  stars. — This  twinkling  in  the  stars  has  been  variously 
accounted  for.  Alhazen,  a  Moorish  philosopher  of  the 
12th  century,  considers  refraction  as  the  cause  of  thisphe- 
nomenon.  V'itello,  in  his  Optics,  (composed  before  the 
year  1270}  pa.  449,  ascribes  Ibe  twinl^Ung  of  the  stars  to 


nifest  to  the  eye  by  the 

lat   from   high  towers  ; 

tugh   the  smoke  of  a 


of  the  air,  in  which  the  light  is  refracted ;  and 
he  observes,  in  confirmation  of  this  hypothesis,  that  they 
twinkle  still  more  when  they  are  viewed  in  water  put  into 

Dr.  Uoake(Microgr.  pa.  231,  Ac)  ascribes  this  pheno- 
menon to  the  incouKtant  and  unequal  rpfrection  of  the  rays 
of  light,  occeiiiuned  by  the  tremulous  motion  of  the  air 
and  interspersed  vapours,  in  consequence  of  variable  de- 
grees of  beat  and  cold  in  the  air,  producing  corresponding 
variations  in  its  denlity,  and  also  of  the  action  of  ihe 
wind,  which  must  cause  the  succes!,ive  rays  to  fall  upoti 
the  eye  in  different  directions,  and  consequently  on  differ- 
ent parts  of  the  retina  at  different  times,  and  also  to  bit 
and  miss  ihepupil  alternately;  and  this  also  is  the  reason, 
he  says,  why  the  limbs  of  the  sun,  moon,  and  planets  ap- 
pear to  wave  or  dance. 

These  tremors  of  the  air  ar 
undulating  motion  of  shado\ 
and  by  looking  at  objects  thro 

ney,  or  through  steams  of  hot  water,  or  at  objects  situated 
beyond  hot  sands,  especially  if  the  air  be  moved  trans- 
versely over  them.  But  whenstan  arc  seen  thniugh  tele- 
scopes that  have  large  apertures,  they  twinkle  but  little, 
and  sometimes  not  at  all.  For,  as  Newton  |)bs  observed, 
(Opt.  pa.  981  the  rays  of  light  which  pass  through  diffei^ 
ent  parts  of  the  aperture,  tremble  each  qf  them  apart,  and 
by  means  of  their  various  and  contrary  tremors,  fall  at 
one  and  the  same  time  upon  different  points  in  the  bottom 
of  the  eye,  and  their  quivering  motions  are  too  quick  and 
confused  to  be  separately  perceived.  And  all  these  illu- 
minated points  constitute  one  broad  lucid  point,  composed 
of  those  many  trembling  points  confusedly  and  insensibly 
roixad  with  one  another  by  very  short  and  swift  tremors, 
and  so  cause  the  star  to  appear  broader  than  it  it,  and 
without  any  motion  of  the  whole. 

Di.  Jurin,  in  his  Essay  on  Distinct  and  Indistinct  Vi- 
sion, bas  recourse  to  Newton's  hypothesis  of  fits  of  easy 
refraction  and  reflection  for  explaining  the  twinkling  of 
the  stars  :  thus,  he  says,  if  the  middle  part  of  the  image 
of  a  star  be  changed-t'rora  light  to  dark,  and  the  adjacent 
ring  at  the  same  time  be  changed  from  dark  to  light,  as 
must  happen  from  the  least  motion  of  the  ejc  towards  or 
from  the  star,  this  will  Occasion  such  an  appearance  as 
twinkling. 

Mr.  Michell  (Philos.  Trans,  vol.  57,  pa.  26S)  supposes 
that  the  arrival  of  fewer  or  more  rays  at  one  time,  espe- 
cially from  the  smaller  or  more  remote  fixed  stars,  may 
mal(e  such  an  unequal  impression  on  the  eye,  as  may  at 
least  have  some  share  in  producing  this  effect:  since  it 
may  be  supposed  that  even  a  single  particle  of  light  is  suf- 
ficicnt  to  make  a  sensible  impression  on  the  organl  of 


D,g,:.zecDi.*^OUyie 


T  W  I 


[    545    ] 


T  YM 


iif;lit;  so  that  very  few  particles  arriving  at  the  eye  in  a  numerous  ;  wKereai  stars  that  are  Dear  the  cenith  do  not 

second  of  limp,  perhaps  not  more  tLian  three  or  four  may  ininkle  so  much,  because  we  do  not  look  at  tbera  through 

be  sufficient  to  make  aa  object  constanlly  visiible.     See  so  much  thick  air,  and  thi-rcfore  the  interceiiting  pani- 

LiQiiT.  clci,  being  fener,  come  less  frequently  before  them.     Wjth 

Hence,  he  says,  it  is  not  improbable  that  the  number  of  respect  to  the  planets,  it  is  observed  that,  because  they  are 

the  particles  of  light  which  enter  the  eye  in  a  second  of  much  iieaier  to  us  than  the  stars,  tbey  have  a  seusible  ap- 

time;  even  from  Sirius  himself.'may  not  exceed  3  ,or  *  parent  magnilude,_so  that  they  are  not  covered  by  the 

thousand,  and  from  stars  of  the  3d  magnitude  they  may  small  particles  Seating  in  the  utm'jsphere,  and  therefore 

probably  not  exceed  100.     Now  the  apparent  increase  do  not  twinkle,  but  ahinewith  asteady  light 

and  diminution  of  the  light,  which  (re  observe  in   the  The  fallacy  uf  this  hypothesis  appears  from  theobsei- 


twinkling  of  the  stars,  seem  to  be  repeated  at  intervals  not 
very  unequal,  perhaps  about  4  or  5  times  in  a  second. 
He  therefore  thought  it  reasonable  to  suppose,  that  the  in- 
equalities which  will  naturally  arise  from  the  chance  of 
the  rayscoming  sometimes  a  little  denser, and  sometimes  a     no  dii 
little  rater,  in  so  small  a  number  of  them,  as  must  fall     in  sij 
upon  the  eye  in  the  4th  or  5th  part  of  a  second,  may  be     large 
sufGcient  to  account  for  this  appearance.  time. 

Since  these  observations  were  publi^ed  however,  Mr. 
'Michell  (bi  we  are  informed  by  Dr.  Priestley  in  bis  Hist. 
of  Light,  pa. 495}  haaenteriainedsomesuspicioir,  ihatthe 
unequal  density  of  light  does  nvt  contribute  to  this  effect 
in  so  great «  degree  as  he  had  imagined  ;  especially  as  he 
has  observed  ibat  even  Venus  does  sometnnes  twinkle. 
This  he  once  observed  her  to  do  remarkably  when  she  was 
about  6  degrees  high,  though  Jupiter,  which  was  then 
about  16  degrees  high,  and  was  sensibly  less  luminous,  liid 
not  twinkle  atall-  If,  notwithstanding  the  great  number 
of  rays  which  doubtless  come  to  the  eye  from  such  abur* 
face  as  this  planet  presents,  its  appearance  be  liabb 
affected  in  this  manner,  it  must  beowinfi 
lions  in  the  atmosphere, 


ation  of  Mr.  Mi6he1l,  that  no  object  can  hide  a  star  from 
IS  that  is  not  large  enough  to  e;cceed  the  apparent  diame- 
er  of  the  star,  by  the  diameter  of  the  pupil  of  the  eye  ; 

othul   ■"  .... 


even  a  mathematical  point, 
neter,  the  interposing  object  must  still  be  equal 
to  the  pupil  of  the  eye;  and  indeed  it  must  be 
nough  to  hide  the  star  from  both  eyes  at  the  same 

The  principal  cause  therefore  of  the  twinkling  of  the 
stars,  is  now  acknowleilged  to  be  the  unt^ual  refraction  of 
light,  in  consequence  ofinequalities  and  undulations  in  the 
atmosphere. 

Besides  avariaiion  in  the  (juaittity  of  light,  it  may  here 
be  added,  that  a  momentary  change  of  colour  has  like- 
wise been  observed  in  some  of  the  lix«d  stars.     Mr.  Mel- 
ville (Edinb.  Essays,  viil.  2,  pa. 81)  asserts,  that  when  one 
looks  stedfastly  at  Siriuii,  or  any  bright  star,  not  much 
elevated  above  the  horison,  its  colour  appears  not  to  be 
constantly  white,  but  as  tinctured,  atevery  twinkling,  with 
red  and  blue.    Mr.  Mplville  could  not  entirely  satisfy  him- 
ich  unHuia-    %elf  as  to  the  cause  of  this  phenomenon  ;  observing  that 
ill  probably  renderthe  effect     the  separation  of  the  colours  by  the  refractive  power  of 
ofievery  other  cause  altogether  insensible.  the  atmosphere,  is  probably  too  small  to  be  perceived. 

Musschenbroek  suspects  (In trod.  ad. .Phil.  Nat.  vol.  2,  Mr.  Mic bell's  hypothesis  above-mentioned,  though  not 
sect.  J  741,  pa.  707)  that  the  twinkling  of  the  stars  arises  adequate  to  the  explicstion  of  the  twinkling  of  the  start, 
from  some  affection  of  the  eye,  as  well  as  the  state  of  the  may  pretty  well  account  for  this  circumstance.  For  the 
■tmospKere.  For,  says  be,  in  Holland,,  when  the  weather  red  and  blue  rays  being  much  fewer  than  those  of  the  in- 
19  frosty,  and  the  sky  very  clear,  the  stars  twinkle  most  termediate  colours,  and  therefore  much  more  liable  to  in- 
equalities from  the  common  efiect  of  chance,  a  sraail  ex- 
cess or  defect  in  either  of  them  will  make  a  very  sensible 
diffecenCB  in  the  colour  of  the  stars. 

TYCHONIC  Syiiem,  or  Hypoiketit,  is  an  order  or  ar- 
rangement of  the   heavenly  bodies,   of  an  intermedials 
nature  between  the  Copernican  and  Ptolemaic ;  and  is  so 
called  from  its  inventor  Tycho  Brah6.     See  System. 
TYMPAN,  or  Tyxpakum,  in  Architecture,  h  the  a— 


'  manifestly  to  the  naked  eye,  though  not  in  telescopes  ; 
and  since  he  docs  not  suppose  there  is  any  great  exhala- 
tion, or  dancing  of  the  vapour,  at  that  time,  he  questions 
whether  the  vivacity  of  the  lij^ht,  affecting  the  eye,  may 
not  be  concerned  in  the  phenomenon, 

BiU  this  philosopher  mi^ht  have  satisfied  himself  with 
respect  to  this  hypothesis,  by  looking  at  the  stars  near  the  . 
zenith,  whm  the  light  traverses  hot  a  small  part  of  the 

atmosphere,  and  therefore  might  be  expected  tb>ficct  the     of  a  pediment,  being  that  part  which  is  on  a  level  with  the 
eye  most  sensibly.     For  he  would  have  found  that  they     naked  of  the  friie.  Or  it  is  the  space  included  between  the 
do  not  twinkle  near  Su  much  as  they  do  near  the  horizon,     three  cornices  of  a  triangular  pediment,  or  the  two  cor- 
when  much  more  of  their  light  is  intercepted  by  the  atmo-     nices  of  a  circular  one. 
.  sphere.  Ttmpvit  is  also  used  for  that  part  of  a  pedestal  called 

Some  astronomers  have  lately  endcftvuured  to  explain     the  trunk  or  dye. 
the  twinkling  of.  the  fixed  stars,  by  the  extreme  minute-         TyKPAX,  among  joiners,  is,also  applied  to  thepannets 
T»ess  of  their  apparent  diameter ;  so  that  they  suppose  the     of  doors. 

sight  of  them  is  intercepted  b^  every  mote  that  floats  in  the         Ttmpav  qf  an  Arch,  is  a  triangular  space  or  table  in 
To  this  purpose  Dr.  ll<ing  observes  (Astron.  vol.  1,     the  corners  of  sides  of  an  arch,  usually  hollowed  and  en- 


pa.  170),  that  our  air  near  the  earth  is  so  full  of 
kinds  of  particles,  which  arc  in  continual  motion,  -that 
some  one  or  other  of  them  is  perpetually  passing  between 
us  and  any  star  we  look  at,  which  makes  us  every  moment 
altrrnatkly  see  it  and  lose  sight  of  it :  and  this  twinkling 
of  the  stars.,  he  says,  is  greatest  in  those  that  are  nearest 
the  horizon,  because  they  are  viewed  through  a  great  quan- 
tity of  thick  air,  where  the  intercepting  particles  ara  most 
Vol.  II. 


riched,  sometimes  with  branches  of  laurel,  olive-tree,  c 
oak ;  or  with  trophies,  fitc ;  sometimes  with  flying  figure 
as  &ime,  &c;  or  sitting  figures,  as  those  representing  the 
cardinal  virtues. 

Ttupah,  in  Mechanics,  a.  a  kind  of  wheel  placed 

round  an  axis,  or  cylindrical  beam,  on  the  top  of  which 

are  two  levers,  or  fixed  staves,  for  more  easily  turning  the 

axis  ahout,  in  order  to  raise  a  weight.    I'he  tympanum  it 
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rovch  the  rame  with  the  ppriirochiam ;  but  that  the  cy  TYR,  in  the  Echiopiaa  Calendar,  the  imme  of  the  JiH 

luider  of  the  axis  uf  the  peritracbium  ia  matrh  Bhorlcr  and  month  of  the  Ethiopian  yrur.     It  commences  od  the  S£th 

k»  than  the  cylinder  of  the  tympanum.  of  Decembt^r  of  iht  Julian  year. 

-    Tvmpakum  of  a  machine,  is  alsb  used  for  a  hollovr  TYSHAS,  among  the  Ethiopians,  the  name  oftbe4rii 

wheel,  in  which  people  or  animals  walk,  to  tuni  it ;  such  month  of  their  year,  commencing  the  i!7th  of  November 

as  that  of  some  cranes,  calenders,  &c.       •  in  the  Julian  year. 


U 


VAC 
\7^  I*  a  numeral  letter,  in  the  Roman  numeration,  de- 
_     noting  a  or  five.    And  with  a  dash  over  the  top  thus 
y,  it  denoted  5000. 

VACUUM,  in  Physics,  a  space  empty  or  devoid -of  all 
matter. — Whether  there  be  any  such  thing  in  naturea*  an 
absolute  vacuum ;  or  whether  the  universe  be  completely 
fiill,  and  there  be  an  absolute  plenum  ;  is  a  question  that 
has  been  agitated  by  the  philosophers. of  all  ages. 

The  ancients,  in  their  controvErsies,  distinguished  two 
kinds;  a  Vacuum  coacervatum,  and  a  Vacuum  imersper- 
■um,  or  dissemiiialum. 

Vacuum  Gxtcervaium,  is  conceived  as  a  considerably 
large  space  destitute  of  matter ;  such,  for  instance,  as  there 
would  be,  should  God  annihilate  all  the  air,  and  other 
bediet,  within  tha  walls  of  a  chamberi-^l^e  existence  of 
■uch  a  vacuum  is  maintained  by  the  Pythagoreaos,  Epi- 
CUKani,  and  the  Atomists  or  Corpuscularians  ;  most  of 
whom  assert,  that  such  a  vacuum  actually  exists  without 
the  limits  of  theaensible  world.  But  the^uxlern  Corpus- 
cularians, who  hold  a  vacuum  coacerratum,  deny  that  ap- 
pellation ;  as  conceiving  that  such  a  vacuum  must  be  in- 
finite, eternal,  etid  uncreated. 

According  then  to  the  later  philosophers,  there  is  no 
vacuum  coacervatum  without  the  bounds  of  (he  sensible 
world  ;  nor  would  there  be  any  other  vacuum,  provided 
Gad  sfaouldaDiiThilatedivers  contiguous  bodies,  than  what 
amounts  to  a  mer^ privation,  or  nothing;  the  dimensions 
of  such  a  space,  which  the  ancients  held  to  be  real,  being 
by  these  held  to  be  mere  negations ;  that  is,  in  such  a  place 
there  is  so  much  k-ngth,  breadth,  and  depth  wanting,  as 
a  body  must  have  to  fill  it.  To  suppose  then,  that  when 
all  the  matter  in  a  chamber  is  anDihilaied,  there  should 
yet  be  real  dimensions,  is  to  suppose,  say  they,  corporeal 
<nmensians  without  body ;  which  is  absurd. 

The  Cartesians  however  deny  any  vacuum  coacervatum 
at  all,  and  assert  that  if  God  should  immediately  annihi- 
late all  the  matter,  for  example  in  a  chamber,  and  pre- 
vent the  ingress  of  any  other  matter,  the  consequence 
would  he,  that  the  w:ttls  would  become  contiguous,  and 
inctudc  no  space  at  all.  They  add,  that  if  there  be  no 
matter  in  a  chamber,  the  walls  cannot  be  conceived  other- 
wise than  as  contiguous ;  those  things  being  said  to  be  con- 
tiguous, between  which  there  is  not  any  thing  intermediate : 
but  if  there  he  no  body  between,  there  is,  say  they,  no  ex- 
tension between ;  extension  and  body  being  the  same  thing: 
and  if  there  be  no  extension  between,  then  the  walls  are 
contiguous,  and  where  is  the  vacuum  f^— Bu  t  this  reason- 
ing, or  rather  quibbling,  is  founded  on  the  mistake,  that 
body  and  extension  are  the  same  thing.. 

Vacdum  DissemioaTum,  or  Imerspenuin,  ia  that  lup- 


V  A  C  . 
posed  fo  bo  naturally  interspersed  in  and  among  bodies,  in 
the  interstices  bctweea  difterent  bodies,  and  in  the  pores 
of  the  same  body, — It  is  this  kind  of  vacuum  which  it 
chiefly  contested  among  the  modern  philosophers ;  the 
Corpuscularians  strenuously  asserting  it ;  and  the  Peripa- 
tetics and  Cartesians  as  tenaciously  denying  it.  See  Cak- 
TBsiAir  and  LaiBNiTaiAw. 

The  great  argument  urged  by  the  Peripatetics  against  a 
vacuum  intenipersum,  is,  that  there  are  divers  t>odies  fre- 
quently seen  to  move  contrary  to  their  own  nature  and  in- 
clination ;  and  that  for  no  other  apparent  reason,  but  to 
avoid  a  vacuum-:  whence  they  conclude,  that  nature  abhors 
a  vacuum  ;  and  give  us  a  new  class  uf  motions  ascribed  to 
the  fuga  vacot  or  nature's  flying  a  vacuum.  Such,  they 
say,  is  the  rise  of  water  in  a  syringe,  on  the  drawing  up 
of  the  piston  ;  and  such  is  the  ascent  of  water  in  pumps, 
and  the  swelling  of  the  flesh  in  a  cupping  glass,  ^c.-^But 
since  the  weight,  elasticity,  &c,  of  the  air  ha^e  been  ascer- 
tained by  sure  experiments,  those  motions  and  effiacts  are 
universally,  and  justly,  ascribed  to  the  gravity  and  pces- 
sure  of  the  atmosphere. 

The  Cartesians  deny,  not  only  the  actual  existence,  hat 
even  the  possibility,  of  u  vacuum  ;  and  that  on  this  prin- 
ciple, that  extenuon  being  the  essence  of  mHtter,  or  body, 
wherever  extension  is,  there  is  matter;  but  mere  space,  or 
vacuity,  is  supposed  to  be  extended  ;  therefore  it  it  ma- 
terial. Whoever  asserts  an  empty  space,  say  they,  con- 
ceives dimensions  in  that  space,  i.  e.  he  conceives  an  ex- 
tended substance  in  it ;  and  therefore  he  denies  a  yacuurn, 
at  the  same  time  that  he  admits  it. — But  Descartes,  if  we 
may  believe  some  accounts,  rejected  a  vacuum  fi-om  a 
complaisance  to  the  taste  which  prevailed  in  his  time^ 
against  his  own  first  sentiments;  and  among  his  familiar 
friends  he  used  to  call  hi*  system  his  philosophical  ro- 

On  the  other  hand,  the  corpuscular  authors  prove,  not 
only  the  possibility,  but  the  actual  existence,  ofa  vacuum, 
from  divers  considerations ;  particularly  from  that  of  mo- 
tion in  general )  and  that  of  the  planets,  coinets,  &c,  in 
particular ;  as  also  from  the  fall  of  bodies ;-  from  the  \abra- 
tion  of  pendulums;  from  rarefaction  and  condensation; 
from  tlie  different  specific  gravities  of  bodies;  and  also 
from  the  divisibility  of  matter  into  partr. 

1.  First,  there  could  be  no  linear  or  progressive  motion 
without  a  vacuum  ;  for  if  all  space  were  full  of  matter, 
no  body  could  be  moved  out  of  its  place,  for  want  of 
another  place  unoccupied,  to  move  into.  And  this  ail- 
ment was  Stated  even  by  Lucretius. 

S.  The  motions  of  the  planets  and  comets  also  confinD- 
a  vacuum.   Thns,  Newtos  ai^es,  "  that  tbera  is  ao  such 
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'  fluid  medium  as  Bther,'  (lo  (Hi  up  the  porous  pirls  of  all  figures  of  tboie  parts ;  for,  on  uippositiou  of  bu  attsolute 

sensible  budics.aii'l  aomake  a  plenum,)  "  seems  pn>bable;  plenum,  we  do  not  conceive  how  any  part   of  matter 

because  the  planets  and  cumels  proceed  with  au  regular  could  L>e  actually  divided  from  thai  nexi  adjoining,  any 

andListingamotion,  through  the  celestial  spaces;  for  hence  uure  than  it  is  possible  to  divide  actually  jhe  parts  of  ab- 


it  appears  that  those  celestial  spaces  are  vuid  of  all 
stble  resistance,  and  c<>n'>equ«ntly  of  all  sensible  matter. 
Contequrnlly  if  the  celestial  regions  were  as  denst;  as  water, 
or  as  quicksilver,  ihcy  would  resist  almost  as  much  aswaiL-r 
or  quicksilver;  but  if  they  were  perfectly  dense,  without 
any  interspersed  vacuity,  though  the  matiLT  were  ever  so 
fluid  and  subtle,  they  would  resist  more  than  quicksilver 
doe»:  a  perfectly  solid  globe,  in  such  a  medium,  would 


space  from  one  anotjier ;  for  by  tlie  actual  divi 
of  the  parts  of  a  continuum  from  each  other,  we  con- 
ceive nothing  else  understood,  but  the  placing  of  th'ise 
purii  at  a  distance  from  one  another,  which  in  the  con- 
(inuuni  were  at  no  distance  asunder  :  but  such  dtvisioni 
between  the  parts  of  matter  roust  imply  vacuities  between 
til  era. 

As  for  the  figures  of  the  paits  of  bodies,  on  lliv 


e  above  half  its  miition,  in  moving  3  lengths  of  its  dia-  supposition  of  a  plentim,  they  must  either  Ue  all  recti* 

meter ;  and  a  globe  not  perfectly  solid,  such  as  the  bodies  linear,  or  all  concavo-convex  ;  otherwise  ihcy  would  not 

of  the  planets  and  comi-ts  are,  would  be  stopped  siill  adequately  till  space;  which  we  do  not  find  to  be  true  in 

aooner.    Thereiiire,  that  the  motion  of  the  planets  and  fact. 

comets  may  be  regular,  and  lasting,  it  is  necei>!>ary  that         8.  The  denying  a  vacuum  supposes  what  it  is  impossi- 

tbe  celesiiul  spaces  he  void  of  all  matter;  except  perhaps  ble  for  any  one  to  prove  to  lie  true,  vii,  that  the  material 

some  few  and  much  larelied  effluvia   of  the  planets  and,  world  has  no  limits, 
comets,  and  the  passing  rnys  of  light."  However,  we  are  told  b)' some,  that  it  is  impossible 

3.  The  same  great  author  also  deduces  a  vacuum  from  to  conceive  a  vacuum.  But  ibis  surely  must  proceed 
the  consideratinn  of  the  weights  of  bodies;  thus:  "  All  fr(>ra  their  having  imbibed  Descaries's  doctrine,  tliat  the 
bodietiabout  the  earth  gravitate  towards  it;  and  the  weights  essence  of  body  ia  constituted  by  extension ;  as  it  would 
of  all  bodies,  equally  distant  Irorn  the  earth's  centre,  are  be  contradictory  lo  suppose  apace  without  extension. 
at  the  quantities  of  matter  in  those  t)odies.  If  the  ielher  To  suppose  that  there  are  fluids  penetrating  all  bodies  and 
therefore,  or  any  other  subtile  matter,  were  altogether  replenishing  space,  which  neither  resist  nor  act  on  bodies, 
destitute  of  gravity,  or  did  gravitate  less  than  in  propo'r-  merely  in  order  to  avoid  admitting  a  vacuum,  is  feigning 
tion  to  the  quantity  of  its  matter;  because  (as  Aristotle,  two  kinds  of  matter  without  any  nfcessity  or  fuundatiou; 
]>escartc8,  and  others,  argue}  it  ditfers  from  other  bodies  or  is  tacitly  giving  up  the^question. 

only  in  the  form  of  matter ;  the  same  body  might,  by  the         Since  then  the  essence  of  matter  docs  not  consist  in 

change  of  its  form,  gradually  be  converted  into  a  body  of  extension,  but  in  solidity,  or  impenetrability,  the  uni- 

th6sBme  constitution  with  those  which  gravitate  most  in  verse  may  be  said  to  consist  of  solid  bodies  moving  in  a 

woportion  to  the  quantity  of  matter  :  and,  o'n  the  other  vacuum  ;  nor  need  we  at  all  fear,  lest  the  phetiomeoa  of 

nand,  the  heaviest  bodies  might  gradually  lose  their  gt«-  nature,  most  of  which  are  plausibly  accounted  for  from 

vity,  by  gradually  changing  their  form  ;  and  so  the  weights  a  plenum,  should  became  inexplicable  when  the  pteni- 

would  depend  upon  the  forms  of  bodies,  and  might  be  tude  it  set  aside.     The  principal  ones,  such  as  the  tidei; 

changed  with  them;  which  is  contrary  lo  all  experiment"  the  suspension  of  the  mercury  in  the  barometer;  the  mo- 

4.  The  descent  of  bodies  also  proves,  that  all  space  is  tion  of  the  hsaveoly  bodies,  and  of  light,  &c,  are  more 
not  equally  full ;  for  the  same  author  proceedi,  "  If  all  easily  and  satiifactorily  accounted  for  from  other  prin- 
spaces  were  equally  full,  the  specific  gravity  of  that  fluid  ciples. 

with  which  the  region  of  the  air  would,  in  thai  case,  be         Vacuum  Boileaaum,  is  used  to  express  that  approach 

filled,  would  not  be  less  than  the  specific  gravity  of  quick-  to  a  real  vacuum,  which  we  arrive  at  by  meant  of  the  air- 

'  '      r  any  other  the  most  dense  body ;  and  pump.     Thus,  Any  thing  put  in  a  receiver  so  exhausted. 


and  thus  most  of  the  experi- 
said  to  be  performed  in  va< 


r  or  gold, 

therefore  neither  gold,  nor  any- other  body,  could  descend  is  said  t< 

in  it     For  bodies  do  not  descend  in  a  fluid,  unless  that  ments  with  the  air-pump  i 

fluid  be  specifically  lighter  than  the  body.     But  by  the  cuo,  or  in 'vacuo  Boileano, 

air-pump  we  can  exhaust  a  vessel,  till  even  a  bit  of  down  Some  of  the  principal  phenomena  observed  of  bodies 

shall  fall  with  a  velocity  equal  to  that  of  gold  in  the  open  in  vacuo,  are;  that  the  heaviest  attd  lightest  bodies,  as 

air ;  and  therefore  the  medium  through  which  this  feather  gold  and  a  feather,  fall  with  equal  velocity : — that  fruits, 

falls,  must  be  much  rarer  than   that  through  which  the  as  grapes,  cherries,  peaches,  apples,  ttc,  kept  fiTr.any 

gold  falls  in  the  other  case.    The  quantity  of  matter  there-  time  in  vacuo,  retain  the.ir  nature,  freshneu,  colour,  &c, 

fore  in  a  given  space  may  be  diminished  by  rarefaction  :  and  those  withered  in  the  open  air  recover  their  plump- 

and  why  may  it  nut  be  diminished  ad  infinitum  t  Add,  nsss  in  vacuo  : — all  lightand  fire  become  immediately  ex- 

that  we  concave  the  Solid  particles  of  all  bodies  to  be  of  tinct  in  vacuo ;— -tittle  or  no  sound  is  heiird  from  a  b>-ll 

the  same  density;  and  thnt  they,  are  only  rarefiable  by  rung  in  vacuo: — a  bladder  half  full  of  air,  will  dislend 

means  of  their  pores;  and  hence  a  vacuuni  evidently'  the  bladder,  and  lift  up  40  pouud  weight  in  vacuo :-~ 

follows-'  most  animals  soon  expire  in  vacuo. 

5.  *'  That  there  is  a  vacuum,  ii  evident  too  from  the  By  experimenU  made  in  170*>  Dr.  Derbam  found  that 
vibrations  of  pendulums  :  for  since  those  bodies,  in  places  animals  which  have  two  ventricles,  and  no  foramen  ovale, 
out  of  which  the  air  is  exhausted,  meet  with  no  resistance  as  birds,  dogs,  cats,  mice,  &c,  die  in  less  than  half  a  rai- 
to  retard  their  motion,  or  shorten  their  vibralioni ;  it  is  nute  ;  counting  from  the  first  exsuciion  :  a  mola  died  in 
obvious  that  there  is  no  sensible  matter  in  those  spaces,  or  one  minute  ;  a  bat  lived  J  or  8.  Insects,  as  wasps,  beet, 
in  the  occult  pores  of  those  bodies."  grasshoppers,  &c,  seemed  dead  in  two  minutes ;  bat  after 

6.  That  there  are  interspersed  vacuities,  appears  from  bt;ii^  left  in  vacuo  24  hours,  they  cama  to  life  again  in 
tnatter't  being  actually  divided  into  parts,  and  kom  the  tbe  open  air:  snails  continued  U  houn  in  vacuo,  with- 
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oat  appearir^  much  afTectcl. — Seedi  ptantril  in  vmcuo  do  other  authors,  belter  ilhtinguish  beiwrait  Ktimiil  anil  dry 

not  grow;   Small  liecr  die«,   nnd    losea  all  its  tute,  in  fumea,  calling Iho  latter  eXhalati'ini. 

vacuo:  andair  rushing  through  mrrcury  into  a  vacaum,  For  the  manner  in  which  vnpoursare  raised,  and  again 

ttimws  the  mercury  in  a  kind  vrahower  upon  the  receiver,  precipitated,  sei' Cloud,  Dt,\f,  Kain,  BauoMETEa,  and 

■od  produci's  n  great  light  in  a  dark  room.  particularly  livA»oaATioH. 

The  air-pump  can  never  produce  a  perfect  vacuum  :  It  may  here  be  added,  with  respect  to  the  principles  of 
as  is  evident  from  its  structure,  and  the  manner  of  it*  solution  adopted  to  accuunt  for  evapureliuii,  and  largely 
working :  in  effect,  every  exsuction  only  takes  anay  a  illustrated  under  that  article,  thai  Dr.  Halley,  about  the 
part  of  the  air;  so  that  there  is  iiill  some  left  after  any  befiniiing  of  the  18th  century,  seems  tu  have  been  ac- 
onite number  of  exsuctione.  For  ,the  air-pump  has  no  quainted  with  the  solvent  power  of  air  on  water;  for  he 
longer  any  effect  but  while  the  spring  of  the  air  remaining  says,  that  supposing  the  earth  to  be  covered  with  water, 
in  the  receiver  is  able  to  lift  up  the  vaivi-s;  and  when  the  and  the  sun  to  move  diurnally  round  it,  the  air  would  of 
rarefaction  is  come  lo  that  degree,  you  can  arrive  no  itself  imbibe  a  certain  quantity  of  aqueous  vapours,  and 
nearer  to  a  vacuum ;  unless  perhaps  the  air  valves  can  r"Iniil  them  like  suits  dissolved  in  water ;  and  that  the  air 
be  opened  mechanically,  iiidepenuent  of  the  spring  of  the  warmed  by  the  sun  would  sustain  a  giyater  prupuriion  of 
air,  as  it  is  said  they  are  in  some  newly  improved  air-  vapours,  as  warm  water  will  hold  more  dissolved  salts; 
pumps.  which  would  L>c  discharged  in  dews,  Minilar  to  the  preci- 

romcef/iun  Vacuum,  is  that  made  tn  the  barometer  pitalion  ofsaltson  thecooling  of  liquors<     Philos.  Trans, 

tube,  between  the  upper  end  and  the  top  of  the  mercury,  vol.  3> 

This  is  probably  never  a  perfect  and  entire  vacuum ;  as.      Mr.  Eeles,  in  1755,  endeavoured  to  account  for  the 

all  fluids  are  found  to  yield  or  to  rise  in  elastic  vapours,  ascent  of  vapour,  and  exhalation,  and  their  suspension  in 

on  the  removal  of  the  pressure  of  the  atmosphere.     See  the  atmosphere,  by  means  of  the  electric  dre.     The  sun, 

ToRRtceiLiAN,  and  Bakometek.  be  acknowledges,  is  the  great  agent  iu  detaching  vapour 

Valve,  in  Hydraulics,  Pneumatics,  &c,  is  a  kind  of  and  exhalations  from  their  masses,  whether  he  acts  im- 

lid  or  cover  to  a  tube  or  vessel,  contrived  to  open  one.  mediately  by  himself,  or  by  his  rendering  the  electric  £re 

way;  but  which,  the  more  forcibly  it  is  pressed  the  other  more  active  in  its  vibrations :  but  their  subsequent  ascent 

way,  tfa«  closer  it  shuts  the  aperture  :  so  that  it  either  ad-  he  attributes  entirely  to  their  being  rendered  specifically 

mits  the  entrance  of  a  8uid  into  Ihe  tube,'  or  vessel,. and  lighter  than  the  lower  air,  by  iheir  conjunction  wilhclec- 

prevents  its  return;  or  permits  it  to  escape,  and  prevents  trical  fire  :  each  particle  of  vapour,  with  the  electrical 

its  rcK-ntrance.  fluid  that  surrounds  it,  occupying  a  greater  space  than 

Valves  are  of  great  use  in  the  air-pump,  and  other  the  same  weight  of  air.     Mr.  Kelts  also  endeavours  to 

wind  machines ;  in  v-bich  ihey  are  usually  made  of  pieces  show,  that  the  ascent  and  desccttt  of  vapour,  attended 

of  bladder.      In    hydraulic  engines,    as  the    emboli  of  by  this  fire,  are  the  cause  of  all  the  winds,  and  that  they 

pumps,  they  are  mostly  of  strong  leather,  of  a  round  furnish  a  satisfactory  solution  of  the  general  phenomena 

figure,  and  fitted  to  shut  the  apenivres  of  the  barrels  or  of  the  weather  and  barometer.     Philos.  Trans,  vol.  49, 

pipes.     Sometimes  they  are  made  of  two  round  pieces  of  pa.  124. 

leather 'enclosed  between  two  others  of  brass  ;  having  Dr.  Darwin,  in  1757,  pgblish^d  remarks  on  the  theory 
divers  perforations,,  which  are  covered  with  another  piece  of  Mr.  Eeles,  wi[h  a  view  of  confuting  it;  and  attempt- 
of  brass,  moveable  upwards  and  downwards,  on  a  kind  of  ing  to  accodnt  for  the  ascent  uf  vapours,  by  comidcring 
axis,  which  goes  through  the  middle  of  them  all.  Some-  the  power  of  e.xpaasion  uhich  the  constituent  part*  of 
limes  they  are  made  of  brass,  covered  over  with  leather,  some  bodies  acquire  by  heat,  and  also  that  some  bodies 
and  furnished  with  a  tine  spring,  which  gives  way  upon  have  a  greater  affinity  to  heat,  or  acquire  it  sooner,  and 
ft  force  applied  against  it;  but  on  the  ceasing  of  that,  retain  it  longer,  than  others.  On  these  principles,  he 
returns  the  valve  over  the  aperture.  See  Pun  p.  See  thinks,  it  is  easily  understood  bow  water,  whose  parts  ap- 
also  Desaguliers'  Exper.  Philos.  vol.  3,  pa.  156,  and  pear  from  the  seolipile  to  be  capable  of  immeasurable  ex- 
pa.  1  SO.  pantion,  should  by  heat  al<me  bectmie  specifically  lighter 

VANE,  in  a  ship,  &c,  a  thin  slip  of  some  kind  of  mat-  than  the  commoii  atmosphere.     A  small  degree  of  Iteat  is 

ter,  placed  on  high  in  the  open  air,  turning  easily  round  sufficient  to  detach  or  raise  the  vapour  of  water  from  the 

on  an  axis  or  spindle,  and  vaered  about  by  the  wind,  to  mass  to  which  it  belongs ;  and  the  rvys  of  the  sun  com- 

ihow  its  direction  or  course.  municate  heat  only  to  those  bodies  by  uhich  they  are 

Vakes,    in 'Mathematical    or    Philosophical    Inslru-  refracted,  reHected,  or  obstructed;  whence,  by  their  ira- 

ments,  are  sights  made  to  slide  and  move  upon  cross-  pulse,  a  motion  or  vibration  is  caused  in  the  parts  of  such 

staves,  tbrcstaves,  quadrants,  &c.  bodies.     Hence  he  infers,  that  the  sphericles  of  vapour 

VAPOUR,,  in    Meteorology,    a    watery    exhalation  will,  by  refracting  the  solar  rsys,  acquire  a  constapt  beat, 

raised  up  either  by  the  beat  of  the  sun,  or  any  other  though  the  surrounding  atmosphere  remain  cold.     If  it  be 

heat,  as  fire,  JScc.     Vapour  is  considered  as  a  thin  vesicle  asked,  how  clouds  are  supported  in  the  absence  of  the 

of  water,  or  other  humid  matter,  filled  or  inflated  with  sun  ?     it  must  be  remembered,  that  large  masses  of  va- 

sir;  which,  being  rarefied  to  a  certain  degree  by  the  ac-  pour  must  for  a  considerable  time  retain  much  of  the 

tion  of  heat,  ascends  to  some  height  in  the  atmosphere,  heat  they  have  acquired  in  the  day  ;  at  the  same  time  re- 

where  it  is  suspended,  till  it  returns  in  form  of  rain,  snow,  Recdng  how  small  a  quantity  of  heat  was  necessary  lo 

or  the  like.    An  assemblage  of  a  number  of  particles,  or  raise  them,  and  that  doubtless  even  a  less  will  be  sufficient 

vesicles  of  vapour;  constitutes  what  is  called  a  cloud.  to  support  them  ;  as  from  the  diminished  pressure  of  the 

Some-  use  the  term  vapour  indifferently,  for  all  fumes  atmosphere  at  a  given  height,  a  less  power  may  be  able 

emitted,  either  from  moist  bodies,  as  fluids  of  any  kind  ;  to  continue  them  in  their  present  state  of  rarefaction  ; 

or  from  dry  bodies,  u  sulphur,  &c.     £ut  Newton,  and  and  lastly,  that  cloud*  of  particular  shapes  will  be  sus- 


,  Google 


V  AR 


[    *«    ] 


V  All 


tktned  or  cievaied  by  the  motion  tb«jr  acquire  from  winds,  uvcnl  of  tfae  terns  which  espresi  that  law.    The  on^n 

Philus..TraiM.  vol.  50,  pa.  24b'.  of  this  calcitlus  JBimpiued  to  the  circumotance  of  certain 

The  ijuainityotVa]xiurrai»e(irroiii  the  sea  by  the  warmth  problems  concerning  the  maxima -and  minima  of  quauti- 

of  the  nun,'  muit  be  far  greater  than  it  commonly  ima-  ties  bftving  bt«i)  proposed  by  John  Bernoulli,  to  the  nu- 

gined.     Dr.  Halley  hu  attempted  to  estimate  it.     For  the  thematicians  of  Europe.     Such  a  problem  was  that  in 

result  of  bis  calculations,  see  Evapuratioh.  wbjch  it  was  required  la  lind,  of  all  curvt'S  passing  through 

For  the  Effect  of  Vapour  in  the  Furmalion  of  Springs,  twu  tixed  points,  and  situated  in  the  same  vertical  plane, 

Sic,  sec  Sprimo,  and  River.  that  aliing  which  a  body  would  descend  from  the  highest 

VARENlUS(BEitHAUD),&  learned  Dutch  geographer  to  the  lowest  point  in  the  least  time  possible. 

and  physician,  of  the  17th  century,  who  was  author  of-  The  Afst  geometricians,  remarliing  that  nothing  was 

llie  best  mathemwical  treatise  On  Geography,   intilled,  obtained  by  putting  the  differentialbf  the  time  ^  =  i, 

Gtographia  Uaiversalisi,  iii  qu&  aitectiones  gencralis  Tel-  v' 

luris  e.tplicantur.     This  excellent  worlc  has  been  trans-  found  that  they  could  obtain  a  solution  by  making  the 

lated  into  all  languages,  and  was  honoured  by  an  edition,  time  a  minimum  for  two  successive  elements  of  the  curve  : 

with  iroprovcmi<nts,  by  Sir  Isaac  Newton,  for  the  use  of  thus,  if  *,  i',  i'.were  three  vertical  abscissas,  and  j?,  j/', 

hi*  academical  students  at  Cambridge.  /.  the  corresponding  ..rdinatcB,  the  time  would  be  ex- 

VARIABLE,  in  Geometry  and  Analytics,  is  a  term  ap-  pressed  by                      ' 

plied  by  matbematiciMs,   to  such  quantities  as  are  cm-  ^/^^  -  J)'  +   fy'-s)'     ^    ^/V  -  ^j'  +(!>*-  j/)'^    ^^ 

aidored  in  a  variable  or  chengeAble  state,  either  increas-  ■  i  '^     ■_■  .    .    .          .              ,    *" 

ing  or  decreasing.     Thud,  the  abscisses  and  ordinate  of  d'So^nUal  of  which  being  uken,  and  put  =  o,  gave  a 

e  line,  are  variable  quantities ;     resultine  equation  —; ~i ^j-  =  i,  a   constant 


because  these  vary  or  change  their  magnitude  together, 
the  one  at  the  same  time  with  the  other.  But  some  quan- 
tities may  be  variable  by  themselves  alone, or  while  those 
connected  with  tbera  are  constant :  as  the  abscisses  of  a 
parallelogram,  whose  ordinates  may  be  considered  as  all 
equal,  and  therefore  constant.  Also  the  diaraetef  of  a 
,  circle,  and  the  parameter  of  a  conic  section,  are  constant, 
while  their  abscisses  are  variable. 

Variable  quantities  are  usually  denoted  by  the  lost  let- 
ters of  the  alphabet,  z,  y,  r,  &c  :  while  the  constant  ones 
are  denoted  by  the  leailiDg  letters,  a,  b,  c,  &c.     Some  a 
thors,  instead  of  variable  and  constant  quantities,  use  t'ne     _„-j_.,j  ^-,,1, 
terms  fluent  and  stable  quantities.     The  indefinitely  small     "  ,.  e  '»  i      ..  .l  ■  i_i  .'.■       .^ 

...    u       L-  L  ■  LI  .-.     ■.  .,  ».:... ..II  '  Suppose,    says  he,  "  the  variable  quantities  at  first  ' 

quantity  by  which  a  variable  quantity  is  canimually  in-     „„_     _,  j  .      .l      k  .-  i  .i      j 

^        J      '  J  J    ■  „  u    .,  ■:        «r  ._      :-  '  connected  together  by  an  equation,  or  by  any  other  de- 

creased or  decreased,  in  very  small  portions  of  time,  is  '        ,  ,      i        ■'■.        ^        r  .l    r    _    /  .i. 

„  J  .1      ,■-       ..  , '      .     ■'  _     .  '  J  „    _     ,    c  .1,  .     pendence,  to  change  by  reason  of  the  form  of  the  equa- 
called  the  differantis,  or  increment  or  decrement  of  that     f-  ..        ,  ».      ^ .    ^         ,.    ,  .      ,         S* 

I  .„„.,    r  .1 1„, —  ''•"' —lults  from  the  dependence 


quantity;  and  hence  proved  the  curve  to  be  a  cycloid. 
— Euler,  with  far  greater  analytical  knowledge  tiian  John 
Bernoulli,  next  treati-d  these  problems  in  a  general 
manner,  in  his  tract  entitled,  "  Methodus  inveniendas 
lineas  curvas  maximi  minimive  proprietate  gaudentes.; 

e  solutio  problemalis  isoperimeiricalatissimo  sensu  ac- 
cepti,"  M.  Lagrange  afterwards  gave  greater  generality 
o  this  calculus,  by  making  variable  not  only  y,  dy,  d^y, 
&c,  Lut  also  I, 

The  explanation  of  M.  Lacroix  affords  as  clear  an  idea 
of  the  c^culus  of  variations  as  any  that  we  are  ac- 


quantity.     And  the  rate  of  its  increase  or  decrease  at  any     """1^'°^  the  relation  that 
point,  is  called  iu  fluxion;  while  the  variable  quantity     «'»bl.shed  betw.en  them  c, 
itself  is  called  the  tluent.     And  the  calculation  of  these, 
is  the  subject  of  the  new  Methodus  DiSerentioliSi  or  Doc- 
trine of  Fluxions. 

VARIABLE  MtiTioK,  in  Mechanics,  is  that  motion 
of  a  body  when  subject  to  the  continual  action  of  a  force 
which  changes,  or  is  different  «t  every  instant.  We  have 
instances  of  variable  motion,  in  the  untHnding of  springs ; 
though  the  velocity  continues  to  be  augmented,  yet  the  de- 
grees by  which  the  augmentation  proceeds  are  diminish- 
ing. It  is  the  same  with  regard  to  the  degrees  by  which 
~  H  ship  arrives  at  uniturmity  :  the 


the  w 


n  the  H 


be  the  sumej  thi« 
circumstance  cannot  be  expressed  in  a  more  general 
manner,  than  by  regarding  the  increments  of  x  and  y  as 
absolutely  independent  of  each  other;  since,  in  effect,  this 
hypothesis  not  designating  any  particular  relation  tietwecn 
X  and  y,  comprehends  all.  It  follows  thence,  that  the 
calculus  of  variations  can  only  be  employed  fi)r  expres- 
sions, to  which  the  differential  calculus  has  already  beea 
applied;  and  it  differs  from  the  last  only  by  the  inde- 
pendence which  it  supposes  between  the  variable  quanti- 
ties, which  before  were  considered  ns  connected  by  con- 
stant relations.  The  following  example  will  illustrate 
the 


acquires  greater  velocity,  because  the 


p  arrivca  ul  uiiiiuiiiiiij  .    luc  atuuu  ui  ,  dZ- 

s  diminishes  in  proportwn  as  the  vessel     this  notion.    The  expression  ~,   which  belongs   I 


of  the  wind 


acquires  greater  velocity,  oecause  ine  action  o.ine  winu     sublangent  of  a  curve.  represenU  a 
vanes  as  the  difference  between  its  velocity  and  that  of  the    ^f  ,^  ^^en  y  is  considered  «s  a  func 


a  determinate  function 
a  function  whose  composi- 
tion in  terms  ot  x  is  known  :  and  if  this  last  changes,  thft 
...  ,       .  ,  ,     ,       first  changes  also.    There  will  be  perhaps  some  difficulty 

and  vanable  wx«leraUng  motions,  see  the  art.  Acetic-    j„  conceiving  bow  we  can  submit  tn  calculation  the  varia- 
"***°^  bility  of  a  function  which  is  only  the  abstract  dependence 

VARIATION,<iffl»aiti»Jw»,  in  Algebra.  SeeCuANOss,  in  vrhich  several  quantities  are  with  regard  to  each  other: 
and  CoHBiKATioH.  but  this  difficulty  is  removed,  by  considering  that  the  con- 

QAmIiu  q/"  Vaeiatiomb,  is  thai  by  which,  having  nection  between  the  quantities  j*  and  x  changes  if  the  first 
given  an  expression  or  function  containing  two  or  more  be  made  to  vary  independently  of  the  second.  Thus,  in 
variable  quantities,  whose  relation  is  expressed  by  a  do-  the  example  before  us,  if  we  suppose  x  to  remain  the 
terminate  law,  we  find  what  that  function  becomes  when  ,  ,  is        ,  ...  . 

the  law  itself  it  supposed  to  fetperiencc  any  variation  in-  ■  "^''  ""*  S  '"^  i^  '°  «^'^"g«'  '»>«  «'■'""'  >«"'•*"  '  ""<* , 
4efinitely  iiuall,  uccstioned  by  the  variation  of  one  oi  of  ji  must  necessarily  have  changed  also,  since  these  quanti-' 
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tiM  are  the  immedtafc  con»«jiience»  of  that  relation:  nation,  at  •  m«ii  diitance  bolween  the  »un  and  the  eaitli, 
d«  ,  „  vdr  ,  ,  ,  .  -.  ru  be  3d' 10" :  at  the  other  distances,  the  sreatat  varia- 
|,  „  tht  ton.  ^,  my  .lo«  be  mad,  lo  v.ry,  .mce  il  ,.^„  .,  ,„,  ^,.„  „„p„„„d,d  of  ih,  d.pli..?,  „i,o  of  ih. 
depends  only  on  one  Talue  »(  y:  bul,  if  an  expreuion  times  of  the  moon's  lynodical  revoluiion  directly,  and  the 
affected  by  the  sign  /  (denoting  tbe  intc){nil  of  that  ex-  triplicate  ratio  of  the  distance  of  ibe  lun  from  tlie  earth 
pr'eMioD)  be  conMder^d.  ,  uml  ^  mu,t  be  made  to  v^ry  i"ve™dy.  And  therelore  in  the  sun's  apogee  .l,e  great- 
y  '  •  ■*  dr  ■■  est  variation  la  33'  1*",  and  id  his  perigee  37  11  ;  pro- 
mt ihe  same  time;  fur  it  follows  from  the  theory  for  the  viiled  that  the  ecceniricity  of  the  sun  he  to  the  tranivf rse 
formalionuf  intcgrult,  ihuttbe  vjtlue  of  a  like  fuiicliou  de-  semidiaineter  of  thtiorbii  magiius,  as  iSf^to  1000.  Or, 
pendson  the  consecutive  values  of  jr.  which  are  deduced  takingihe  mean  motions  of  the  moon  from  the  sun,  a»  ihey 
from  those  of  X  *  "'T*  '^"^ '"  ^^-  H""^/' »'»l«»-  "h™  the  grratcst  variation 
^  at  the  mean  distance  of  the  earth  fnmi  the  sun  will  be 
"  It  is  evident  that,  to  take  under  thb  point  of  view  35'  7",  in  the  apogee  of  the  sun  33'  27",  and  in  his  perigee 
the  diferential  of  any  expression  whatever,  it  is  sufficient  yff  si".  Philos.Nut.  Princ.  pr.29,  lib.  3. 
10  make  y,  rfy,  d*]/,  &c,  vary  withoot  altering  Jr ;  but  in  VaaiATiON  tifCurra/urr,  is  the  rnte  at  which  ii  varied 
treating  this  lutter  ((uantiiy  as  variable  as  the  first,  wear-  the  cutvature  of  any  curve,  except  that  of  the  circle, 
rive  at  results  more  general  and  symmetrical  than  whet  which  is  constant. 

«re  otherwise  obtained,  and  which  lead  to  very  interesting  Vakiaticik,  in  Geography,  Navigation,  Ate,  a  term 

remarkson  the  nature  of  the  differenlinl  forms.     For  these  applied  to  the  deviation  of  the  magnetic  neeille,  or  com- 

TeawBs,  we  shall  adopt  in  this  chapter  tbe  method  of  puss,  from  the  ^ue  north  point,  either  towards  the  east  or 

making  x,  dy,  d*y  vary.     That  the  symbols  of  this  new  west ;  called  aUo  the  declination.     Or  the  variation  ot 

^tecies  of  diHerentiation,  in  which  t  andy  are  considered  the  compass  is  properly  defined,  the  angle  which  a  mag 

ss  iitdependent,  may  not  be  confounded  with  the  symbols  netic  needle  freely  suspended  makea  with  the  mcrjditin  line 

of  the  Gt^t,  iu  which  one  of  the  variable  quantities  is  re-  on  an  horizontal  plane ;  or  an  arch  of  the  horiiun,  com- 

garded  as  a  function  of  the  other,  we  shall  employ,  after  prehended  l<etwepn  the  true  and  the  magnoiic  meridians, 

the  manner  of  Lagrange,  the  characteristic  t ;  and  we  nhall  In  the  sea-language,  the  variation  is  usitally  called  north- 

,  luppose,  with  him,  that  whcny  changes  only  by  virtue  of/  easting,  or  north- westing, 

the  change  of  I,  which  becomes  f  +  lix,  its  differential  is  All  magniiic  bodies  are  found  to  range  themselves,  in. 

^ :  but  that  when  the  relation  of  y  and  i  varies,  these  some  sort,  according  to  the  meridian  ;  bat  they  seldom 

two   quantities   become    respectively  x  -t-  Si,  y  -*■  ly ;  agree  preciM;ly  with  it :  m  one  place  they  decline,  from 

and  we  note  by  the  name  of  variations, the  increments  Sx  the    noitb  toward  the  east,  in  another  toward  the  west; 

and  iy.  and  that  too  differently  at  differc  nt  timet. 

"  Hence  it  follows  that,  as  (in  =  ^dx  +  ^<fy,(«being  The  variation  of  the  compass  could  not  long  reri^n  a 

"           rfy  "  '          "  Mcret,  aHer  the  invention  of  the  compass  it>ell:  accord- 

ft  function  of  x  and  *)  so  Jk  =  !"  ix  +  ^^iy.  ingly  FerdinamI,  the  son  of  Columbus,  in  bis  life  written 

«           *¥  in  Spanish,  and  printed  in  Italian  at  Venice  in  1J71,  as- 

«  Id  applying  this  to  the  example  ?^  wo  mirst  regard  "''J^  ••'«t  his  father  observed  it  on  ihe  I4lh  of  Sapiember 

" '                                  '      dy                      "  1+98:  though  others  seem  to  attnbute  the  discovery  of 

I  as  a  function  of  I  and  J ;  whence  it  results  that  it  to  Sebastian  Cabot,  a  Venetian,  employed  in  the  service 

dr         drtu               di                  dx         ibM  _  ibU>  °^  *""'  ''""S  Henry  VI 1,  about  the  year  1 500. — It  now  ap- 

^j-   =   ^'    -t-   yJ(r).   and    S(^)  =  — — *'—,■          =  pears  however,  that  this  variation  or  declination  of  the 

d^c— dn^         -^                                                 ■  needle  was  known  even  some  centuries  earlier,  thouoh  it 

^ ■-,  for  Mi  =  dSx,  tdy  =  diy  —  "  does  not  appear  that  the  use  of  the  iieedle  itself  in  navi- 

,,  ,  .  ,  ..  jfr  .  .r.  .L  cation  was  then  known.  For  it  seems  therais  in  the  libra- 
.■  A*^/"'^  i'''"  P"'"-  "  i  •  Z^'  ^""  ''"'  ry  of  the  university  of  Leyden,  a  small  manuscript  tract 
method,  for  finding  the  van.l.on,  ol  any  function  what-  ^  ^^^  j/^a^;  '^^i,,^  .  .  ^^  p^,^^  Xd«g<>r, 
ever,  .s  given  the  application  of  the  calculus  to  the  pro-  ^^^.  ^^^^  ^^;  g,^  ^f  ^  .ggg^  j„  ^^,^^^^  ^^^  j/^,i. 
Uems  of  maxima  and  minima.  ^^^j^/^j  ,^^  ^^,^  -^  parUcularly  mentioned.  Mr.  Ca- 
VAaiATiOK,  in  Astronomy.— The  Variation  of  the  t»|1o  has  printed  the  chief  part  of  this  letter  in  the  Sup- 
Moon,  called  by  Bulliald,  the  Reflection  of  her  Light,  is  plement  to  his  Treatise  on  Magnetism,  with  a  translation  ; 
the  third  inequality  obsiTved  Jii  the  moon's  motion  ;  by  and  it  is  to  be  wished  he  had  printed  the  whole  of  so  cu- 
which,  when  out  of  the  quadratures,  her  true  place  dif-  nous  a  paper.  Thecuriosity  of  this  letter,  say's Mr.Ca- 
fersfrom  her  place  twice  equated.  See  Pl/ce,  Equa-  yuIIo,  consisisin  its  containingalmost  all  that  is  atpresent 
TioV,  &c.— Newton  makes  the  moon's  variation  to  arise  known  on  the  suiiject,  at  least  the  most  retn  ark  able  parts 
partly  from  tbe  form  of  her  orbit,  which  is  an  ellipsis ;  „f  it,  mixed  howerer  with  a  gaud  deal  of  ahsordity.  The 
and  partly  from  the  inequality  of  the  spaces,  which  the  Uwj  of  magnetic  attraction,  and  of  the  communication  of 
moon  describes  in  equal  times,  by  a  radius  drawn  to  the  that  power  to  iron,  the  directive  property  of  tte  natural 
**'^''-  magnet,  as  well  as  of  tbe  iron  that  has  been  touched  by  it, 
To  find  Me  Grtatttt  Variation.  Observe  the  moon's  Ion-  and  even  the  declination  of  the  magnetic  needle,  are  clearly 
gitudein  the  octants;  and  to  the  timeof observation  com-  aud  niieqoi vocally  mentioned  in  it. 

pule  the  moon's  place  twice  equated  ;  then  the  difference  As  this  variation  differs  in  different  places,  Gonaalca 

between  the  computed  arid  observed  place,  is  the  greatest  d'Oviedi  found  there  was  none  at  the  Aaores ;  wbenc« 

Tariation.  ^iqc  gei^raphers  thought  fit  in  their  naps  to  make  tbe 

Tycho  makes  the  greatest  variation  40?  30" ;  and  Kep-  fi„t  meridian  pass  through  one  of  thee  islands  ;  it  not 

ler  makes  il  5 1'  49^.  -Bat  Newton  makes  the  grmtctt  »a-  bang  than  known  that  the  tariation  altered  in  Ume.    See 
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Maovr;  abo  Gilbert  deMngnete.Lond.  16OO,  pa.  4  and  length  it  become  stationary  and  retrogradr,  and  id  rel^urn 

5  ;  or  Purchas'*  Pilgrims,  Lond.  l6'iS,  book  2,  »ect.  1.  baA  agpin.     Birch '»■  Hist,  of  the  Royal  Society,  vol.  3, 

Vafioui  are  the  liypotiieses  that  have  been  ffameil  to  pa.  ISli 

account  for  this  extraordinary  pbenonienon  ;    we  sball  Dr.  Halley  has  giren  a  new  system,  the  result  of  num^ 

only  notice  some  of  the  later,    and  more  probablu :  just  rons  observsiions,  and  even  of  a  namher  of  voysgea  made 

premising,  that  Rubcrt  Norman,  the  inventor  of  the  dip-  at  the  public  e\pence  on  this  account.     The  light  which 

ping-need1e,dispuie9againsiCortes'ii  notion, -that  the  varia-  this  author  has  thrown  upon  this  obscure  part  of  natural 

ifun  was  caused  by  a  point  in  the  heavens;  contending  history,  is  very  great,  and  of  important  consequence  in  na- 

tbat  it  should  be  sougfal  for  in  the  earth,  and  proposes  how  vigation,  &c.     In  tfais  system  he  has  reduced  the  several 

to  discover  its  place.  variations  in  divers  places  to  a  precise  rule,  or  order,  which 

Thelirsl  isihat  (ifGiIbeft(De  Magni-te,  lib.4,  pa.  151  before   appeared   quite   precarious  and  arbitrary.     Hii 

&C),  which  is  fullovted  by  Cabeus,  &c.     Tliia"  notion  is,  theory  will  therefore  deserve  a  more  ample  detail. '  Th« 

that  it  it  the  ^arlh.  or  land,  that  drawsthe  needle  out  of  observations  it  is  built  upon,  as  laid  down  in  the  Fhilos. 

its.  meridian  direction  :  hence  they  argue,  rhat  the  needle  Trans.  No.  148,  or.^br.  vol.  3,  pa.6'24,  are  as  follow  : 

▼aricd  more  or  less,  as  it  wa«  more  or  less  distant  from  any  Ohened  Variatiw  qf  the  Needle  in  divert  placet,  and  at 
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Paris 


great  eontincnt;  and  const' qu en tly  that  if  it  were  placed 
in  the  mi<Uile  of  an  ocean,  equnlly  dii^ant  from  equal 
tracts  of  land  on  each  tide,  eastward  and   westward,  it 

would  Hot  decline  either  to  the  oge  or  the  other,  but  point    

exactly  northand  south.     Thus,  say  they,  in  the  Azores 

islands,  which  are  equally  distant  from  Africa  on  tbe  east,     London 

■nd  America  on  the  west,  there  is  no  variation  :  but  as 

yop  sail  from  thence  towards  Aflrica,  the  needle  begins  to 

decline  toward  the  east,  and  ihar  still  more  and  more  tilf 

you  Tcacli  the  shore.     Proceed  still  farther  easdward,  the 

declination  gradually  diminishes  again,  by  reason  of  the 

land  left  behind  »n  the  west,  wtiicfa  continues  to  draw  the 

needle.     The  same  also  obtains  till  you  arrive  at  a  place 

where  the  tracts  of  land  on  each  side  are  equal ;  and  there     Unuiibnrg 

again  the  variation  will  be  nothing.     But  the  misfi>rtUDe     Copenhagen 

is,  the  Jaw  dot!*  not  bold  universally;  for  multitudes  of 

observations  of  the  variation,  in  different  parts,  made  and    -Dm»*K'cIi  - 

collected  by  Dr.  Halley,  overturn  the  whole  theory.  Montpelier 

Others  therefore  have  recourse  to  the  frame  and  com-  Brest 
pages  of  tbe  earih,  considered  at  interspersed  with  rockt 
attd  shelves,  which  being  generally  found  to  run  towards 
the  polar  n'gions,  the  needle  comn  to  have  ageneral  ten- 
dency that  way  ;  but  it  seldom  happens  that  their  direction 
is  exactly  in  the  meridian,  and  [he  needle  has  consequent- 
ly, for  Ibe  most  part,  some  variation. 

Others  maintain  that  divers  parts  of  the  earth  have  dif- 
ferent degrees  of  the  magnetic  virtue,as  some  are  more 


divers  timet. 


free 


Bayonne   - 
Hifdson's  Bay    - 
In  Hudiou'tb trail* 
Baffin's  Bay,  Sii 
T.  Smith' 
Sound 
AtSeit 
xed  with  heterogei>eous  matters,  which  prevent  the      .    c_" 


T  etkci  of  it,  than  others  arc. 


I,  which,  affording  more  of  tbe  magnetic 
other  parts,  attract  or  draw  the  needle  more. 

Lastly,  olhen  imagine  that  earthquakes,  or  high  tides, 
have  disturbed  and  dislocated  several  considerable  parts 
of  tbeeBrth,arid  so  changed  the  magnetic  axis  of  the  globe, 
which  was  originally  tbe  same  with  tbe  axis  of  the  earth 
itself. 

But  none  of  thiese  theories  can  be;  the  true  oite ;  for  still 
that  great  phenomenon,  the  variation  of  tbe  variation,  i.  e. 
the  continual  change  of  tfie  declination,  in  one  and  the 
tame  place,  is  not  accountable  for,  on  any  of  these  foun- 
dations, nor  is  it  even  consistent  with  them. 

Doctor  Hooke  communicated  to  tbe  Royal  Society,  in 
{£74,  a  theory  of  the  variation;  the  substance  of  which  is, 
that  tbe  magnet  has  its  peculiar  pole,  distant  10  desrees 
from  the  pole  of  the  earth,  about  which  it  moves, 
moke  a  revolution  in  370  yei 
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tays,  has  altered  of  late  about  10  or  1 1  minutes  every 
year,  and  wilt  probably  30  continue  to  do  for  some  time, 
when  it  will  begin  to  proceed  slowei  and  glower,  till  at 
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of  the  ougDetic  virlae  throughout  the  whole  globe  of  (be 
CBrth.  it  is  then  shown  how  thi»  hypothesis  accounli 
for  all  the  vnhations  that  have  been  observed  of  late,  aud 
how  it  answers  to  the  several  remarks  drawn  from  the 
table.  It  is  there  inferred  that  from  the  whole  it  appears, 
that  the  direction  of  the  needle,  iu  the  temperate  and 
frigid  lones,  depends  chiefly-  on  the  counterpoise  of  the 
forces  of  two  mugnettc  poles  of  the  same  nature :  ks  also 
why,  under  the  same  meridian,  the  variation  should  be 
in  one  place  29)  degrees  west,  and  in  another  20}  de- 
la  the  torrid  zone,  and  particularly  about  the  equator, 
respect  must  be  had  to  all  ihe  four  pole«,  and  their  posi< 
tious  must  be  well  considered,  otherwise  it  will  not  be 
easy  to  determine  what  the  variation  should  be,  (he  nearest 
pole  being  always  strongest;  yet  so  however  as  to  be 
sometimes  counterbalanced  by  tbe  united  forces  of  two 
more  remote  ones.  Thus,  in  sailing  from  St.  Helena,  by 
the  isle  of  Ascension,  to  the  equator,  on  the  north-wect 
courw,  the  variation  is  very  little  easterly,  and  unalter- 
ably the  same  in  that  whole  track  i  because  the  Somh- 
American  pole  (which  is  much  the  nearest  in  the  afore-  , 
■aid  places),  requiring  a  great  easterly  variation,  is 
On  these  observed  variations  Dr.  Hslley  inaLes  severd  counterpoised  by  the  contrary  attraction  of  the  North- 
remarks,  as  to  the  variation  in  different  parts  of  the  world  American  and  the  Asiatic  south  poles  ;  each  of - 
At  the  time  of  his  writing,  easilward  and  westward,  and  the  which  singly  is,  iu  these  pafts,  weaker  than  the  Ame 
situation  and  direction  of  the  lines  or  places' of  no  varia-  rican  south  pole;  and  on  the  north-west  course  the 
tion ;  from  the  whole  be  deduces  the  following  theory.  distance  from  this  latter  is  very  little  varied  ;  and  as  you 

Dr.  Halia^t  Tkeorf  of  the  Varialion  qf  tA<  MagiMiic  recede  from  the  Asiatic  souih-pole,  the.  balance  is  still 
iftedle. — That  the  whole  globe  of  the  earth  is  one  great  preserved  by  an  access  toward  the  North -American  pole, 
magnet,  having  four  magnetical  poles,  or  points  of  attrac-  ]n  this  case  no  notice  is  taken  of  the  European  uorth 
tion  ;  near  each  pole  of  the  equator  two ;  and  that  i|i  pole  ;  its  meridian  being  a  little  removed  from  the  nieri- 
those  parts  of  the  world  which  lie  nearly  adjacent  to  any  dians  of  these  places,  and  of  itself  requiriog  the  same 
one  of  these  magnetic  poles,  the  needle  is  governed  by     variations  which  are  here  found. 

it ;  the  nearest  pole  being  always  predominant  over  the         After  the  same  manner  may  the  variations  in  other 
more  remote.  places  about  the  equator  be  accounted  for,  upon  Dr. 

The  pole  which  §l  present  is  nearest  to  us,  he  conjeC-  Haliey's  hypothesis. — But  still  this  will  do  nothing  at  to 
tures  to  lie  in  or  near  the  meridian  of  the  Land's-end  of  accounting  for  the  continual  variation  or  change  of  the 
England,  and  not  above  7°  from  the  north  pole:  by  this     declination,  in  the  same  place. 

pole,  the  variations  in  all  Kurope  wii,  Tartary,  and  the         To  obieroe  the  Pariaiiai  qf  the  Needle. — Draw  a  meri- 
North  Sea,  are  cbiedy  governed  ;  though  still  with  some     dian  line,  as  directed  under  Mbkidiam  ;  then  a  stile  be- 
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niddle  of  it,  place  a  needle  upon  it,  and 
e  which  it  hangs  over.     Thus  will  the 


g  erected  J I 

-aw  the  right  li 
quantity  of  the  variation  appear. 

Or  thus;  As  the  former  method  of  finding  (he  varia- 
tion cannot  be  applied  at  sea,  others  have  been  devised, 
the  principal  of  which  are  as  follow.  Suspend  a  thread 
and  plummet  over  the  compass,  till  the  shadow  pas 
)ugh  the  centre  of  the  card  ;  observe  the  rhumb, 
or  point  uf  the  compass  tvhich  (he  shadow  touches 
when  it  is  the  shortesu  For  the  shadow  is  tlien  a 
meridian  line ;  «nd  consequently  the  variation  is  deter- 


regard  to  the  other  northern  pole,  'whose  situation  i 
the  meridian  passing  about  the  middle  of  California,  and 
about  15°  from  the  north  pole  of  the  world,  to  which 
Ae  needle  has  chiefly  respect  in  all  North  America,  and 
in  the  two  oceans  on  either  side  of  it,  from  the  Azores 
westward  to  Japan,  and  farther. 

The  two  southern  maanetic  poles,  he  imagine:,  are  r 
ther  more  distant  from  the  south  pule  of  the  world  ;  tl 
one  being  about  16^^  from  ;l,  on  a  meridian  20°  to  the 
westward  of  the  Magellanic  Streighta,  or  95°  west  from 
London  :  this  pole  commands  the  needle  in  h1)  South 
America,  in  the  Pacific  .Ocean,  and' the  greatest  part  of  mined, 
the  Ethiopic  Ocean.  The  other  magnetic  pole  seems  to  Or  thus :  Observe  the  point  of  the  compass  on  which 
have  the  greatest  power,  and  the  largest  dominion  of  all,  the  sun,  or  sotne  siar,  rises  and  sets  ;  bisect  the  arch  ia- 
as  it  is  the  must  remote  from  the  pule  of  the  world,  being  terceptcd  between  the  rising  and  setting  points,  and  the 
little  less  than  20°  distant  from  it,  in  the  meridian  which  line  of  bisection  will  be  the  meridian  line ;  consequently 
pastes  lhraut;h  New  Holland,  and  the  island  Celebes,  the  variation  is  had  as  before.  The  same  may  also  be 
about  120°  easi  from  London :  this  pole  is  predominant  obtained-  from  two  equal  altitudes  of  the  same  star,  ob- 
in  the  south  part  of  Africa,  in  Arabia,  and  the  Red  Sea,  served  eith.er  by  day  or  night.  Or  thus  :  Observe  the 
in  Pi-rsia,  India,  and  its  islands,  and  all  over  the  Indian  rhumb  upon  which  the  lun  or  star  rises  and  sets;  and 
tea,  from  the  Cape  of  Good  Hope  eastward,  to  the  from  the  latitude  of  the  place  find  the  eastern  or  western 
middle  of  the  Great  South  Sea  that  divides  Asia  from  amplitude;  for  the  diference  between  the  amplitude,  aitd 
America.  Ibe  dis^nce  of  the  rhumb  observed,  from  the  eastern 

Such,  he  observes,  seemS' to  be  the  present  disposition     rhnlnb  of  the  card,  is  the  variation  tough t. 
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variation. 

inl580wasll''15'E 

in  1622    -     6     0» 

in  1634     -45b 

in  165.7     -     0     0 

in  1672     -     2  30W 

in  1692     -     6     0  w 

in  1723     -  1*  I7w 

inl747     -  17  40 w 

in  1780    -  23  41  w 

in  1812     -  24  l6w 

a  chang'e 

after  the  rate  of  Itf  per  year. 

1,  from  1780  lo 

•  1812,  ihe  change  was 

VAR  [«63],  VAR 

Or  thus :  Observe  the  altitude  of  the  son,  or  Mine  star  At  St.  Helen*,  thevariation,  '  in  I600  wai  8°  O'k 
s,  whose declinalion  is  knovrn;  and  in  1 623     -  6    XtE 

note  the  rhumh  ia  the  conipats  to  ^'^'~~-~~^  '"  '^'     -   0  40e 

which  it  then  correspond*.     Then     \-^   I  '■f  "       in  1692     •    1     Ow 

in  the  triangle  zps,  are  known  three      '  /  y^  which  is  a  change  of  nearly  ij*  per  year, 

sides,  vis,  Pz  the  co-latitude,  PS  the  V  At  Cape  Comorin,  the  variation,  in  1620  wa8l4»20'w 

co-declination.  and  zs  the  co-alti-  ,  in  1 680    -     8  44w 

tude;  the  angle  pzs  is  thence  found  by  spherical  trigono-  j^  \$hi  7  SOw 

metry  J  the  supplement  to  which,  viz  azs,  is  the  azimuth     ^^^^^  j,  ^  ^^         ^  „g„|    gj,      . 
from  the  south.     Then  the  difference  between  the  azimuth         .    ,      >        \  i     *  f     J 

and  the  observed  distance  of  the  rhumb  from  the  south,        *'  London,  th 
H  tlte  variation  sought.     See  AsijiauhCourA&t. 

The  use  of  the  variation  is  to  correct  the  counes  a  ship 
has  steered  by  the  compass,  which  must  always  be  done 
before  they  art  worked,  or  calculated. 

Variation  of  the  Vanation,  is  a  gradual  and  continual 
change  in  the  variation,  observed  >n  any  place,  by  which 
the  quantity  of  the  variadon  is  found  to  be  different  at 
different  times. 

This  variation,  according  to  Henry  Bond  (in  his  Longi- 
tude Found,  Lond.  1670,  pa.  6),  ■'  was  first  found  lo  de-    which  tilt  1760,  i 

crease  by  Mr.  John  Mair;  2dly,  by  Mr.  Edmund  Gun-    But  in  the  32  yes    .  .  ,  ^ 

ter :  3dly,  by  Mr.  Henry  GcUibrand;  4thly,  by  myself  only  1°  3i',  being  only  at  the  rale  of  3'  a  year,  o™ 
(Henry  Bond)  in  16IO;  and  lastly,  by  Dr.  Robert  Hooke,  Philos.  Trans.  No.  148  and  No.  383,  and  also  vol.  45, 
and  others,  in  l665 ;"  which  they  found  out  by  compar-  pa.  280,  and  vol.  66,  pa.  393.  On  the  subject  of  the 
ing  U^ther  observations  made  ai  the  same  place,  at  dif-  variation,  see  also  Norman's  New  Attractive  itiU;  Bur- 
ferent  times.  The  discovery  was  soon  known  abroad;  rows'*  Discovery  of  the  Variation  1561;  Bond's  Longi- 
for  Kitcher,  in  his  treatise  entitled  Magnes,  first  printed  '  tude  Found  1676 ;  &c. 

at  Rome  in  l641,  says  that  our  countryman  Mr.  John  Mr.  Thomas  Harding,  in  the  Transactiow  of  the  Royal 
Greaves  had  informed  him  of  it,  and  then  he  gives  a  leU  Irish  Academy,  vol.  4,  has  given  observations  on  the 
ter  of  M«rsenne'«,  containing  a  distinct  account  of  it.  variation  of  the  magnetic  needle,  at  Dublin,  which  are 

Tb is  continual  change  in  the  variation,  is  gradual  and  rather  extraordinary.  He  says  ihe  change  in  the  varia* 
universal,  as  appears  by  numerous  observations.  Thus,  tion  at  that  place  is  uniform;  that  from  the  year 
the  variation  was,  at  Paris,  l657>  in  which  the  variation  was  nothing    (the  same 

as  at  London  in  that  year),  it  has  been  going  on  at 
the  medium  rate  of  12'  20"  annually,  and  was  in  May 
1791,  27" 23*  west;  exceeding  that  at  London  now, 
by  5  or  4  degreel.  He  brinp  proof  of  his  agsertitHi  of 
the  uniformity  of  the  variation,  from  different  authentic 
records,  and  stales  the  operations  by  which  it  is  calcu- 
lated. He  concludes  with 'recommending  accuracy  in 
marking  the  existing  variation  when  maps  are  made,  at 
not  only  conducing  to  the  exact  definition  of  boundaries, 
but  at  laying  the  best  foundation  for  a  discovery  of  the 
longitude  by  sea  or  land. 

Theiyry  ^ihe  Variation  iifike  Fariatim. — According  to 
Dr.  Halley't  theory,  this  change  in  the  variation  of  the 
1  1804  -  22  15w  compass,  is  supposed  owing  to  the  difference  of  velocity 
in  1810  -  32  l6w  in  the  motion*  of  the  intern^  and  external  parts  of  the 
the  variation  towards  the  conclusion  appearing  obviously  globe.  From  the  observations  that  have  been  cited,  it 
to  vacillate  about  a  limit.  M.  de  la  La  tide  (Exposition  leems  lo  follow,  that  all  the  magnetical  poles  have  a  mo- 
du  CbIcuI  Astronomique)  observes,  that  the  variation  tion  westward,  but  yet  not  exactly  about  the  axis  of  the 
has  changed,  at  Paris,  26°  20'  in  xhe  space  of  150  years,  earth,  for  then  the  variations  would  continue  the  same  in 
allowing  that  in  1610  the  variation  was  8°  x  :  and  since  the  same  parallel  of  latitude,  contrary  to  experience. 
1740  the  needle,  which  was  always  used  by  Maraldi,  is  From  the  disagreement  of  such  a  supposition  with  ex- 
more  than  3°  advanced  toward  the  west,  beyond  what  perimenls  therafore,  the  learned  author  of  the  theory  io- 
it  was  at  that  period;  which  is  a  change  afler  the  rate  vented  the  following  hypothesis:  The  external  parts  of 
nearly  of  9f  per  year.  the  globe  he  considers  as  the  shell,  and  the  internal  a*  a 

Ac  Cape  d'Agulhas,  in  1600,  it  had  no  variation  ;  Ducleu:i,orinnerglobe;  and  between  the  two  hecunceivei 
(whence  the  Portuguese  gave  it  that  name) ;  a  fjuid  medium.     That  inner  earth  having  the  same  'com- 

in  1622  it  was  2°w  mon  centre  and  axis  of  diurnal  rotation,  may  revojve 
in  1675  -  8  w  with  our  earih  every  24  hours:  only  the  outer  sphere 
in  1693  -  11  w  having  ib  turbinating  motion  somewhat  swifter  or  slower 
which  is  a  change  of  nearly  8'  per  year.  .  than  the  internal  ball;  and  a  vei?  minute  diffcreuco  in 
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length  of  time,  by  many  repetitions)  becoming  Miwible  j  ihroughout  Europe  and  Norib  Amrrica,  if  the  follovring 

the  iiOernal  parts  will  gradually  receJe  from  the  external,  principles  are  established  ;  viz,  Bctwt^en  ihe  arctic  pole 

and  they  will  appear  to  move,  either  eastward  or  westward,  and  ihc  magnetic  poiu  l*'  33';— between  the  aniarctic 

by  ihe  diffi-rf.nce  of  their  motions.  pole   and   the  other  magnetic  pole  29°  23' ; — the  angle  at 

Now,  supposing  such  an  internal  gpfacre,  having  such  the  north  pofe,  formed  by  tbc  meridians  pausing  ihrougb 

a  motion,  the   two  great  difficulties  In   the  former  bypo-  the  two  magnetic  poks  53°  18'; — The  loi^itude  of  ihe 

thesis  are  easily  solved  ;  for  if  this  exterior  shell  of  earth  meridian    which    pa!»es    over    the    noTtbern    magnetic 

be  a  magnet,  having  its  pole  at  a  distance  from  the  poles  pole  SM'. 

of  diurnal  rotation  ;  and  if  the  internal  nucleus  be  like-  As  ihe  observations  which  have  been  collected,  with  re- 
wise  a  magnet,  having  its  poles  in  two  other  places,  di-  gard  to  the  variation,  are  for  the  most  pan  loose  and  in- 
stant alio  from  the  axis;  and  these  latter,  by  a  slow  gra-  accurate,  it  is  JRipuNsible  to  represent  them  all  with  pre- 
dual  motion,  changetheirplace  in  respect  of  tbeexternal,  cision;  and  the  great  vRri*lion»  observed  in  the  Indian 
a  reasonable  account  may  then  be  given  of  the  four  mag-  ocean  seem  to  require,  says  Euler,  that  the  first  three 
-  netical  poles  before  mentioned,  and  also  of  the  changes  of  quantities  should  be  14,35,  and  65  degrees. — SceCavallo's 
the  needle's  variation.  Treatise  on  Magnelism,  pa.  1 17. 

The  author  thinks  that  two  of  these  poles  are  fixed.         In  the  memoir  of  Messrs.  Biot  and  Humboldt.  "  On  the 

and  the  other  two  moveable  ;  viz,  that  the  fixed  poles  are  variations  of  the  terrestrial  magnetism'  in  different  lati- 

the  poles  of  the  external  cortex  or  shell  of  the  earth;  tudes,"  the  position  of  the  magnetic  equator  is  deter- 


ned  from  direct  observations.  The  inclination  of  the 
plane  of  this  circle  to  the  astronomical  equator,  is  stated 
to  be  10°  5S'  56",  ill  occidental  node  on  that  equator 
being  at  120°  2'  5"  longitude  west  from  Paris,  the  other 
node  at  5y°  57'  55"  east  of  Paris,  The  points  where  the 
axis  of  the  magnetic  equator  pierces  the  earth's  surface, 
are,  the  northern  point  at  79°  l'  4 '  north  lat.  and  30°  2'  5" 
west  long,  from' Paris  ^  the  southern  point  is  situate<l  in 
the  same  latitude  south,  and  149°  ^T  ^5"  east  long. 
ffom  Paris. 

Variation  qf  lie  Needle  hg  Heat  mid  Cold,  otlvrwi^ 
called  Ihe  Diumai  or  Daily  ran'o/ion.— There  is  8  small 
variation  of  the  variation  of  the  magnetic  needle,  amount- 
ing only  to  a  few  minutes  of  a  degree  in  the  same  pjace, 
at  dilfcri'iit  hours  of  the  same  day,  which  is  only  discover- 
able by  nice  observations.     Mr.  George  Grahain  made 
ed  westward     several  observations  of  this  kind  in  the  yeais  1723  and 
whole,  period  is  performed     1723,  proii»sing  himself  altogether  ignorant  of  the  cause 
of  the  phenomena  ho  observed.     Philos.  Trans.  No.  383. 
About  the  year  I750i  Mr.  Wargentin,  secretary  of  the 
Swedish  Academji  of  Sciences,  took  notice  both  of  the  re- 
gular diurnal  variation  of  the  needle,  and  also  of  its  being 
disturbed  at  the  time  of  the  aurora  borealis,  as  recorded 
in  the  Philos.  Trans,  vol.  47,  pa.  126. 

About  the  year  1755,  Mr.  Canton  commenced  a  series 
show,  bow  we  may  of  observatiuns,  amounting  to  near  4000,  with  an  excel- 
determine  the  declination  of  the  needle,  at  any  time,  and  lent  variation-compass,  of  about  9  inchesdiaineter.  The 
on  every  part  of  the  globe,  from  this  hypothesis.  number  of  days  on  which  these  observations  were  made, 

Euler  first  examines  the  case  in  which  tbc  two  magi  was  603,  and  tbe  diurnal  variation  on  574  of  ihem  was 
netic  poles  are  diametrically  opposite ;  '2d,  he  places  them  regular,  so  as  that  the  absolute  variation  of  the  needle 
in  the  two  opposite  mcridiana,  but  at  umqual  distances  westward  was  increasing  from  about  8  or  9  o'clock  in  the 
from  the  poles  of  the  world ;  Sd,  he  places  them  in  the  morning,  till  about  I  or  2  in  tbe  afternoon,  when  tbe 
same  meridians ;  finally,  he  considers  them  situated  in  needle  became  stationary  for  some  time ;  after  that,  the 
two  different  meridians.  These  four  cattes  may  become  absolute  variation  westward  was  decreasing,  and  Ihe  needle 
equally  important ;  because  if  it  is  determined  that  there  came  back  again  to  its  former  situation,  or  nearly  so,  io 
are  only  two  magnetic  poles,  and  that  these  poles  change  the  night,  or  by  the  next  morning.  The  dipmal  variation 
their  situations,  it  may  some  time  hereafter  be  discovered     is  irregular  when  tbe  needle  moves  slowly  eastward  ir    ' 


and  the  other  the  poles  of  the  magnetical  nucleus,  in- 
cluded and  moveable  within  the  former.  From  the  oh- 
tervations  he  infers,  that  the  motion  is  westward,  and 
consequently  that  the  nucleus  has  not  precisely  attained 
the  same  vdocity  with  tbc  exit-rior  parts  in  their  diurnal 
rotation;  but  so  very  nearly  equals  it,  that  in  365  revolu- 
tions the  difference  is  scarcely  sensible. 

That  there  >»  any  difference  of  this  kind,  arises  from 
hence,  that  the  impubc  by  which  the  diurnal  motion  was 
impressed  on  tbe  earth,  was  given  to  the  external  parts, 
and  from  thence  in  time  communicated  to  the  internal ; 
but  so  as  nut  yet  perfectly  to  equal  the  velocity  of  the  first 
motion  impressed  on  the  superficial  parts  of  the  globe, 
and  still  preserved  by  them. 

As  to  the  precise  period,  observations  are  wanting  to 
determine  it,  though  the  author  thinks  we  may  reasonably 
conjecture  that  the  Amerii 
46°  in  90  years,  and  that 
in  about  700  years. 

Mr.  Whiston,  in  his  New  Laws  of  Magnetism,  raises 
several  objections  against  this  theory.     See  Maonetish. 

M:  £uler  too,  the  son  of  tbe  celebrated  mathematician 
of  that  name,  has  controverted  and  censured  Dr.  Halley's 
theory.  He  thinks,  that  two  magnetic  poles,  placed  on 
tbe  surface  of  the  earth,  will  sufficiently  account  for  the 
variation :  and  he  then  endi 


that  they  pass  through  all  the  different  position! 

Since  the  needle  of  the  compass  ought  always  to  be  in 
the  plane  which  passes  through  the  place  of  obserration 
and  two  magnetic  poles,  the  problem  is  reduced  to  the 
discovery  of  the  angle  contained  between  this  plane  and 
the  plane  uf  the  meridian.  M.  Euler,  after  having  exa- 
mined the  different  cases,  finds  that  they  also  exp: 


latter  part  of  the  morning,  or  westward  in  the  latter  part 
of  the  afternoon ;  also  when  it  moves  much  either  way 
after  night,  or  suddenly  both  ways  in  a  short  time.  These 
irregularities  seldom  happen  more  than  once  or  twice  in  a 
month,  and  are  always  accompanied,  as  far  as  Mr.  Canton 
obeerved,  with  an  aurora  borealis. 

Mr.  Canton  lays  down  and  evinces,  by  experiment,  the 


earth's  magnetism,  represented  in  the  chart  published  by     following  principlje,  via,  that  the  attractive  power  of  the 
Meurs,  Mountoine  and  Dodson  in  17M,  particulailjr     magnet  (whether  natural  or  artificial)  will  deciaaie  while 
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the  magnet  is  heating,  tnd  increaie  while  it  is  cooling.  *nd  that  the  mondis  of  Joly  and  August  are  Commonlir 

He  then  proceeds  to  account  for  both  the  regular  and  ir-  the  hottest,  while  January  and  February  arc  the  coldest 

regular  variauon.    It  is  evident,  he  says,  that  the  magnetic  months  of  tTie  year ;  and  that  the  tetupeniture  of  the  otber 

|)Bru  of  the  earth  in  the  north,  on  the  east  side  and  on  months  falls  into  the  respective  intermediate  degrees  ;  lo 

the  west  side  of  the  magnetic  meridian,  equally  attract  we  must  consider  the  influence  of  heat  upon  magnetism  to 

the  north  end  of  the  needle.    If  then  the  eastern  magnetic  operate  in  the  like  manner,  via,  that  for  a  short  time  it 

parts  be  heated  faster  by  the  sun  in  the  morning,  than  the  scarcely  manifests  iiself ;  yet  in  the  course  of  a  century, 

western  parts,  the  needle  will  move  westward,  and  the  ab-  the  constancy  and  regulHiity  of  it  becomes  sufficiently  ap- 

■olutc  variation  wilt  increase  :   when  the  attracting  parts  parent.      It  would  therefore  be  idle  to  suppose,   that  such 

of  the  earth  on  each  side  of  the  magnetic  meridian  have  an  influence  could  be  derived  from  en  uncertain  or  for- 

their  bent  increasing  equally,  the  needle  will  be  stationary,  tiiicous  cause.    But  if  it  be  allowed  to  depend  on  the  con- 

and  thu  absolute  variation  will  then  be  greatest :  but  when  stancy  of  tbe  sun's  motion,  and  this  appeari  to  be  a  cause 

the  western  magnetic  parts  arc  either  heating  faster  or  suflicient  to  explain  the  phenomena,  we  should  (agreeably 

cooling    slower  than  tbe  eastern,  the  needle  will  move  to  Newton's  first  law  of  philosophising)  look  no  further. 
«a$l(vard,  or  the  absolute  variation  will  decrease ;  and  when         As  we  therefore  consider,  says  he,  the  magnetic,  powers 

the  eastern  and  western  magneric  parts  are  cooling  equally  of  the  earth  to  be  concentrated  in  the  magnetic  poles,  and 

fast,  ihe  needle  will  again  be  stationary,  and  tbe  absolute  that  there  is  a  diurnal  variation  of  the  magnetic  needle, 

variation  will  then  be  a  minimum.  these  poles  must  pcrfonn  a  small  diumil  revolution  pro- 

By  this  theory,  the  diurnal  variation  in  the  summer  portional  to  such  variation,  and  return  again  to  the  same 

ought  to  exceed  that  in  winter ;  and  accordingly  it  ts  point  nearly.     Suppose  then  that  the  sun  in  his  diumd 

found  by  observation,  that  the  diurnal  variation  in  the  revAlution  passes  along  the  northern  tropic,  or  along  any 

months  of  June  and  July  is  almost  double  of  that  in  De-  parallel  of  latitUili  between  it  and  the  equator;  when  he 

Cember  and  January.  comes  to  that  meridian  in  which  the- magnetic  pole  is 

The  i rr^u la r  diurnal  variation  must  arijc  from  some  aitnated,  he  will  be  muCb  nearer  to  it,  than  nt'ariyother; 
other  cause  than  that  of  heat  communicated  by  the  sun  ;  ami  in  the  opposite  meridian  he  will  of  course  be  the  far- 
and  here  Mr.  Canton  has  recourse  to  subterranean  heat,  these  from  it.  As  the  intlaence  of  tbe  son't  heat  will 
which  is  generated  without  any  regularity  as  lo  time,  and  therefore  act  most  powerfully  at  the  least,  and  less  fbr- 
whicfa  will,  when  it  happens  in  the  north,  aRMt  the  at-  cibly  at  the  greatest  distance,  the  magnetic  pole  will  con* 
tractive  power  of  the  magnetic  parts. of  the  earth  on  tbe  sequently  describeafigvresometiiingoftheelliptical  land; 
north  end  of  the  needle.  That  the  air  nearest  ttie  earth  and  as  it  is  well  Imuwn  that  the  greatest  heat  of  the  day 
will  be  most  warmed  by  the  heat  of  it,  is  obvious ;  and  is  some  time  alter  the  son  has  passed  the  merittian,  tWe 
this  has  been  often  noticed  in  the  Wiortiing,  before  day,  by  longest  axis  of  this  elKptical  Sgure  will  lie  north-ea^rly 
tneaiu  of  thermdmeCers  at  different  distances  from  the  ■"  the  northern,  and  sou tli -easterly  in  the  southern  he- 
ground.     Phifos.  Trans,  vol.  48,  pa.526.  misphere.     Again,  as  the  influence  of  the  stmSfceat  wilt 

Mr.  Canton  has  annexed  to  his  paper  on  this  subject,  h  not  from  those  quarters  have  so  mnch  powbr,  tbe  ma{pt»- 

c«mplete  year's  observations ;  from  *hfch  it  appears,  that  tic  poles  cannot  be  moved  hack  to  the  very  same  point 

the  diurnal  variation  increases  from  January  to  June,  and  from  which  they  set  out ;  but  to  one  which  orill  be  a  litde 

decreases  from  June  to  December.  Philos.  I'rans.  an.  1759,  nore  northerly  and  easterly,  or  more  southerly  and  east- 

pa.  398.     Abridg.  vol.11,  pa.  431.  eriy,  according  to  the  hemispheres  in  which  they  ara 

It  has  also  been  observed,  that  diSereni  needles,  espe-  situated.     The  figures  therefore  which  they  describe,  may 

cially  if  touched  with  different  loadstones,  will  diSrr  a  few  more  properly  be  termed  elliptoidal  spirals, 
minutes  iti  their  variation.    See  Poleni  Epist.  Phil.  Trans.         In  this  manner  the  variation  of  the  magnetic  needle  m 

No.  431.  tbe  northern  hemisphere  tnay    be  accounted  for.     But 

Dr.  Loriiher  (in  the  Snpp.  to  Cavallo's  Magnetism)  ad-  with  respect  to  the  southern  hemisphere  we  must  rttollect^ 
duces  some  ingenious  observations  on  this  subject.  Itmnst  that  though  the  lines  of  declination  in  the  northern  he- 
be  allowed,  says  be,  according  to  the  observations  of  se-  misphere  have  constantly  moved  fi'om  west  to  east,  yet  In 
veral  ingenious  gentlemen,  that  the  collective  magnetism  the  southern  hemisphere,  it  is  equally  certain  that  thcj 
of  tbii  earth  arises  from  the  magnetism  of  all  the  ferrugi-'  hare  moved  from  cast  to  west,  ever  since  any  observations 
nous  bodies  contained  in  it,  and  that  the  magnetic  poks  have  been  made  on  the  subject.  Hence  then  the  lines  of 
trhonld  therefore  be  considered  as  the  centres  of  the  powers  magnetic  declination,  orHalleyan  curves,  as  they  arc  now 
'  of  those  magnetic  substances.  These  poles  must  therefore  commonly  called,  appear  to  have  a  contrary  motion  in  the 
change  their  places  according  as  the  magnetism  of  such  southern  hemisphere,  to  what  they  have  in  the  northern; 
substances  is  affected  ;  and  if  with  Mr.  Canton  we  allow,  though  both  the  magnetic  poles  of  the  earth  move  in  th« 
that  the  genvral  chusc  of  the  diurnal  variation  arises  from  same  direction,  that  is  from  west  to  east 
the  sun's  heat  in  the  forenoon  and  afternoon  of  the  same  In  the  northern  hemisphere  there  was  a  line  of  no  ra- 
day,  h  will  naturally  occur,  that  the  same  cause,  being-  riation,  which  had  east  variation  on  its  eastern  side,  and 
continued,  may  be  sufficient  to  produce  the  general  va-  west  variation  on  its  wesleni  side.  This  line  evidently 
riation  of  the  magnetic  needle  for  any  number  of  years,  moved  from  west  to  east  during  the  two  last  centuries;  the 
For  we  must  consider,  that  ever  since  any  attentive  obser-  lines  of  east  variation  moving  before  it,  while  the  lines  of 
vations  have  been  made  on  this  subject,  the  natural  direc-  west  vartation  followed  it  with  a  proportional  pace.  These 
tion  of  the  magnetic  needle  in  Europe  has  been  constantly  lines  first  passed  the  Azores  or  Western  Islands,  then  tbe 
moving  from  east  to  west,  and  that  in  other  parts  of  tbe  meridian  of  London,  and  after  a  certain  number  of  years 
world  it  has  continued  its  motion  with  equal  constancy.  still  later,  they  passed  the  meridian  of  Paris.     But  in  the 

As  we 'must  therefore  admit,  says  Dr.  Lorimer,  that  the  southern  hemisphere  there  was  anolherliueof  no  variation, 

beat  in  the  di&rent  seasons  depends  chiefly  on  the  sun,  which  had  east  variatioD  on  its  western  side,  and  west  V«- 
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n  it!  eattern ;  the  linei  of  east  variation  movii^    uon  ii  at  pretent  found  chiefly  on  the   w«<ilcm    couU  of 


s  ihoK  of  the  wett  variktinn  followed  i 
e  of  no  variation  lint  paueil  the  Cape  des  Aiguilles, 
and  thrn  the  Cape  of  Good  Hope;  the  lines  of  5°,  10°,  15°, 
atid  S0°  west  variation  following  it,  the  wtme  as  was  the 
CBM  in  the  northern  hemisphere,  but  in  the  contrary  <li- 


Europe,  between  the  latitudes  of  ii°  and  53* ;  and  on  the 
eastern  shorn  of  North  America,  with  some  parts  of  the 
Western  Ocean  and  Hudson's  Bay,  lying  between  the  said 
shores:  but  for' the  other  parts  uf  the  world,  a  variation 
chart  may  be  attended  with  considerable  bencGt.  How- 
ever, the  variation  curves,  when  they  runeast  and  nett, 
We  may  just  farther  mention  the  idea  of  Dr.  Gowin  may  sometimes  be  applied  to  good  purpose  in  correcting 
Knight,  which  wm,  that  this  earth  had  originally  received  the  latitude,  when  meridian  observations  cannot  be  had, 
its  magnetism,  or  rather  that  its  magnetical  powers  had  as  it  often  happens  on  the  northern  coasts  of  America,  in 
been  brought  into  aciioo,  by  a  shock,  which  entered  near  the  Western  Ocean,  and  about  Newfoundland;  fur  if  the 
the  southern  tropic,  and  passed  out  at  the  northern  one.  variatioa  can  be  obtained  exactly,  then  the  east  and  west 
His  meaning  appears  to  have  been,  that  this  was  the  course  curve,  answering  to  the  variation  in  the  chart,  will  show 
of  the  magnetic  fluid,  and  that  the  magnetic  poles  were  st     the  latitude. 

first  diametrically  opposite  to  each  other.  Though,  ac-  Sdly,  As  the  deviation  of  the  magnetical  meridian,  from 
cording  to  Mr.  Canton's  doctrine,  they  would  not  have  the  trua  one,  is  subject  to  continual  alteration,  therefore 
lon^  contintied  so';  for  from  the  intense  heat  of  the  sun     a  chart  to  which  the  variation  lines  are  fitted  for  any  yn 


in  tlie  torrid  zone,  according  to  the  principles  already  ex. 
plained,  the  north  pole  must  have  toon  retired  to  the  north- 
eastward, and  the  south  pole  to  the  south-eastward.  It  is 
also  curious  to  observe,  that  on  account  of  the  southern 
hemisphere  being  colder  upon  the  whole  than  the  northern 
hemisphere,  the  magnetic  poles  would  have  moved  with 
unequal  pace:  that  is,  the  nprth  magnetic  pole  would 
have  moved  farther  in  any  given  time  to  the  north-east, 
than  the  south  magnetic  pole  could  have  moved  to  the 
south-east.  And,  according  to  thi 
s  authors  on  this  subject. 


must  in  time  become  useless,  unless  new  lines,  showing 
the  state  of  the  variation  at  that  time,  be  drawn  on  the 
chart:  but  as  the  change  in  the  variation  is  very  slow, 
therefore  new  variation  charts  published  every  7  or  8 
years,  will  answer  tbepurpose  tolerably  well.  And  thus 
it  has  happened  that  Halley's  variation  chart  has  become 
useless,  for  want  of  encouragement  to  renew  it  from  time 
to  time. 

However,  in  the  year  1744,  Mr.  Williaro  Mountaiiw 

ipinions  of  the  most     and  Mr.  James  Dodson  published  a  new  variation  chart, 

generally  allowed,     adapted  fur  that  year,  which  was  well  received  ;  and  se- 


tbat  at  this  time  the  north  magnetic  pole  is  considerably     veral  instances  of  its  great  utility  having  been 


nearer  to  the  north  pole  of  the  earth,  than  the  south 
netic  pole  is  to  the  south  pole  of  the  earth. 

It  mly  faither  be  added,  that  several  ingenious  sea 
officers  4re  of  opinion,  that  in  the  western  parts  of  the 
Bnglish  Channel  the  variation  of  the  magnetic  needle  has 
Rlready  begun  to  decrease  ;  having  in  no  part  of  it  ever 
■mounted  to  35°.  There  are  however  other  persons  who 
Msert  that  the  variation  is  still  increasing  in  the  Channel, 
■nd  as  far  westward  as  the  15th  degree  of  longitude  and 
51°  of  latitude,  at  which  place  they  say  that  it 
to  about  30'" 


Of  the  Variation  Chart.     Doctor  Halley  having  col-     and  whimsical  irregularities 


cated  to  them,  they  fitted  the  variation  lines  anew  for  the 
year  1756,  and  in  the  following  year  published  the  Sd 
variation  chart,  and  also  presented  to  the  Royal  Society 
a  curious  paper  concerning  the  variation  of  the  magnetic 
needle,  with  a  set  of  tables  annexed,  containing  the  result 
of  upwards  of  SO  thousand  observations,  in  six  periodical 
reviews,  from  the  year  1700  to  1756  inclusive,  and 
adapted  to  every  5  degrees  of  latitude  and  longitude  in 
the  more  frequented  oceans ;  which  paper  and  tables 
were  printed  in  the  Transactions  for  the  year  1757- 
From  these  tables  of  observations,  such  exiraordin. 


1  the  variation  ~ 


lected  a  multitude  of  observations  made 
of  the  needle  in  many  parts  of  the  world, 
abled  to  draw,  on  a  Mercator's  chart,  certain  line*,  show- 
ing the  variation  of  the  compass  in  all  those  places  over 
which  they  passed,  in  the  year  1700,  when  he  published 
the  first  chart  of  this  kind,  called  the  Variation  Chart. 

From  the  construction  of  this  chart  it  appears,  that  the 
longitude  of  any  of  those  places  may  be  found  by  it,  when 
the  latitude  and  the  variation  in  that  place  are  known. 
Thus,  having  found  the  variation  of  the  compa^,  draw  a 
a  parallel  of  latitude  on  the  chart  through  the  latitude 
found  by  obsertation;  and  the  point  where  it  cuts  tbe 
curved  line,  whose  variation  is  the  same  with  that  ob- 
served, will  be  the  ship's  place.  A 
thus  finding  the  longitude,  from  the  k 
inclination  or  dip  of  the  needle,  was  before  proposed  by 
Henry  Bond,  in  his  treatise  entitled.  The  Longitude 
Found,  printed  in  1676. 

This  method  however  is  attended  with  two  considerable 
inconveniences:  Ist,  That  wherever  the  variation  lines 
run  east  and  west,  or  nearly  so,  tHis  way  of  finding  the 
longitude  becomes  imperfect,  as  their  intersection 


rin  the  variation,  that  w 


think  it  wholly  under  the  direction  of  one  general 
and  uniform  law  ;  but  rat  her  conclude,  with  Dr.  Knight,  in 
the  67th  prop,  of  his  Treatise  upon  Attraction  and  Repul- 
sion, that  it  is  influenced  by  various  and  different  magnetic 
Bitractiuns,  perhaps  occasioned  by  the  heterogeous  com- 
positions in  the  great  magnet,  the  earth. 

Many  other  observations  on  the  variation  of  tbe  mag- 
netic  needle,  are  to  be  found  in  several  volumes  of  tbe 
Philos.  Trans.    See  particularly  vol.  48;  pa.  875 ;  vol.  50, 
pa.  329 ;  vol.  56,  pa.  220 ;  and  vol.  61,  pa.  423. 
Variation  Coinpau.     See  Compass. 
VAHtATios    qf  OireaOtrt,  in  Geometry,  is   used  for 
that  inequality  or  change  which  takes  place  in  the  curva- 
project  of     ture  of  all  curves  except  the  circle,  by  which  their  cur- 
latitude  and     vaturc  is  more  or  less  in  different  parts  of  them.    And, 
constitutes  the  quality  of  the  curvature  uf 


NGwton  makes  the  index  of  the  inequality,  or  variation 
of  curvature,  to  be  tbe  ratio  of  the  fluxion  of  the  radius 
of  curvature  to  the  fluxion  of  the  curve  itself:  and  Mac- 
laurin,  to  avoid  the  perplexity  ibat  difierent  notions,  cod- 
ected  with  the  same  terms,  occasion  to  learners,  has 


tbe  parallel  of  latitude  must  be  very  indefinite:   and     adopted  theiame  definition  :  butbesuggests,  ibatthisn 
among  all  the  trading  parts  of  the  world,  this  imperfec-    gives  rather  the  variatioa  of  the  ray  of  curvature,  and  that 
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it  might  have  been  proper  to  have  m^yurud  the  variation  VARtGNON  (Pitbr),  b  celebrated  French  matbe- 

uf  curvature  rather  by  ihc  raliu  of  thu  fluxion  of  (he  cur-  matician  and  priest,  was  born  at  Caen  in  l65i,  and  died 

vature  iiself  lu  tiie  fluxion  of  the  curve;  so  that,  the  cur-  17SS,  at  6a  ye^is  o(  age.     He  was  the  son  of  an  architect 

vature  being  inversely  as  the  radius  of  curvature,  and  con-  in  middling  circumstances,  but  had  a  coll^  education, 

sequenlly  its  fluxion  as  the  fluxion  of  the  radius  itwlf  being  intentjed  for  the  church.     An  accident  threw   x 

directly,  and  the  square  of  [he  radius  inversely,  its  varia-  copy  of  £uclid's  Elements  in  his  way,  which  gave  him  k 

tion.wouldhave  been  directly  as  the  measure  of  it  accord-  strong  turn  to  that  kind  of  learning.     The  study  of  geo- 

ing  to  Newton's  deflnition,  and  inversely  as  the  squnre  of  metry,  led  him  to  the  works  of  Descartes  on  the  same 

the  radtuii  of  curjvature.  science,  and  there  he  was  struck  with  that  new  light 

According  to  this  notion,  it  would  have  been  measured  which  has,  from  thence,  spread  over  the  world, 

by  the  angle  of  contact  contained  by  the  curve  and  circle  At  this  time  the  abbe  St.  Pierre,  who  studied  philosophy 

of  curvature,  in  the  same  manner  as  the  curvature  itself  in  the.  same  college,  became  acquainted  with  him.     A 

is  meastired  by  the  angle  of  contact  contained  by  the  taste  in  common  for  rational  subjects,  whether  piiysics  or 

curve  and  tangent.   The  reason  of  this  remark  may  appear  metaphysics,    and    continual    disputations,    formed    the 


from  this  example:  The  variation  of  curvature,  accord- 
ing to  Newton's  explication,  is  uniform  in  the  logarithmic 
Spiral,  the  fluxion  of  the  radius  of  curvature  in  this  flgure 
being  always  in  the  siime  ratio  to  theflnition  of  thecurve;  himself;  thi 
and  yet,  while  the  spiral  is'produced,  though  its  cutva-  resolved  to  gv 
ture  decreases,  it  never  vanishes;  which  must  appear  a 
strange  paradox  to  those  who  du  not  attend  to  the  import 
of  Newton's  definition.  Newton's  Method  of  Fluxions 
and  Inf.  Series,  pa.  76.  Maclaurin's  Flux.  art.  386. 
Philos.  Trans  No.  468,  pa.  3 12. 

The  variation  of  curvature  at  any  point  of  a 


bonds  of  their  friendship.  They  were  mutually  service- 
able to  each  other  in  their  studies.  The  abbe,  to  enjoy 
Varignon's  company  with  greater  ease,  lodged  hrm  with 
"       '"     '  ill  mure  sensible  of  his  merit,  be 

tune,  that  he  might  fully  pursue 
his  genius,  and  improve  his  talents;  and,  out  of  only  18 
hundred  livrei  a  year,  which  he  had  himself,  be  conferred 
SUO'of  them  on  Vartgnon. 

The  abbe,  persuaded  that  he  could  not  do  better  than 
go  to  Paris  to  study  philosophy,  setili'd   there  in    l686,. 

th  M.  Varigiion,  in  the  suburbs  of  St.  Jacques.     Thei« 


IS  always  as  the  tangent  of  the  angle  contained  fay  each  .studied  in  his  own  way  ;  the  abb^  applying  himaclf 

the  diameter  that  passes  through  the  pointof  contact,  and  to  the  study  of  men,  manners,  and  the  principle*  of  go- 

the  perpendicular  to  the  curve  at  the  same  point,  or  to  vemment;  whilst  Varignon  was  wholly  occupied  with  the 

the  angle  formed   by  the  diameter  of  the  section  and  of  mathematics.     In  th^se   solitary  suburbs   lie  formed  a 

the  circle  of  curvature.     Hence  the  variation  of  curvature  connection  with  many  other  learned  men;  as  Duha&tel, 

vanishes  at  the  extremities  of  either  axis,  and  is  greatest  Duverney,  Delahire,.  &c.     Duvemey  often  asked  hit  at- 

when  the  acute  angle,  contained  by  the  diameter  passing  siitance  in  those  parts  of  anatomy  connected  with  mecha- 

through  the  point  of  contact  and  the  tangent,  is  least.  nics:  they  examined  together  the  positions  of  the  mus- 

When  the  conic  section  is  a  parabola,  the  variation  is  cles,  and  their  directions ;  hence  Varignon  learned  a  good 

as  the  tangent  of  the  angle,  contained   by  the  right  line  deal  of  anatomy  from  Duvemey,  which  he  repaid  by  the 

drawn  from  the  point  of  contact  to  the  focus,  and  the  application  of  mathematical  reasoning  to  that  subject, 

perpendicular  to  the  curve.     See  Cvkvature.  At  length,  in  l687,  Varignon  made  himself  known  to. 

From   Newton's   definition   may   be   derived   practical  the  public  by  a  treatise  on  New  Mechanics,  dedicated  to 

rules  for  the  variation  of  curvature,  asfoUowsi  the  Academy  ofSciences.     His  thoughts  on  thissubject 

1.  Find  the  radius  of  curvature,  or  rather  its  fluxion  ;  were,  in  eS'ecI,  quite  new.     He  discovered  truths,  and  laid 

(hen  divide  this  fluxion  by  the  fluxion  of  the  curve,  and  open  their  sources.     In  this  wurk,  he  demonstrated  the 

the  quotient  will  give  the  variation  of  curvature;  exter-  necessityof  an  equilibrium,  in  such  (;as('s  where  it  happens, 

minaling  the  fluxions  when  necessary,  by  the  equation  though  the  cause  of  it  is  not  exactly  known.     This  disco- 

of  the  curve,  or  perhaps  by  expressing  their  ratio  by  help  very  Varignon  made  by  the  theory  of  compound  motions, 


of  the  tangent,  or  ordinate,  or  subnormal.  Sec. 

"2.  Since  3-^--,  or  — ^  (putting  ;r  =  1)  denotes  the 
radius  .of  cunaluro  of  any  curve  t,  whose  absciss  is  a, 
and  ordinatey;  if  the  fluxion  of  this  be  divided  by  k, 
and  i  and  i  be  exterminated,  the  general  value  of  the  va- 


riation wiltc 


<-yf'+/)  ■ 


then  substitut- 


ing the  values  off,  y,  y  (found  from  the  equation  of  the 

curve)  into  this  quantity,  it  will  give  (he  variation  sought^ 

Ex.  Let  the  curve  be  the  parabola,  whose  equation  is 


ax  =  y*.      Here  then  ^} 
hence  i  =  ^-^  =  "^ 


and 


Therefore  - 


*y 


'  — ,  the  variation 


ight^    kmersools-Flux-pa.  238. 


and  Is  what  (his  essay  chiefly  treats  upon. 

This  new  In'atise  on  mechanics  was  greatly  admired  by 
the  mathematicians,  and  procured  the  author  two  consi- 
derable places,  the  one  of  geometrician  in  the  Academy 
of  Sciences,-  the  other  of  professor  of  mathematics  in  the 
College  of  Matarine,  to  which  he  was  the  first  penon 

Varigaon  catched  eagerly  at  the  science  of  infioitesi- 
nials  as  soon  as  it  appeared  in  the  world,  and  became  one 
of  its  most  early  cultivators.  When  that  sublime  and 
beautiful  method  was  attacked  in  the  A catiemy. itself  (for 
it  could  not  escape  the  fitte  of  all  innovations),  he  became 
one  of  its  most  sealous  defenders,  and  in  its  favour  he  put 
a  violence  upon  bis  natural  character,  which  abhorred  all 
contention.  He  sometimes  lamented,  that  this  dispute 
had  interrupted  him  in  his  enquiries  into  the  integral  cal- 
culation so  far,  that  it  would  be  difficult  for  him  to  re- 
sume his  disquisition  where  he  had  left  it  off.  He  sacri- 
ficed intinrtesimals  to  the  interest  of  infinitesimals,  and: 
^ve  up  Ihc  pleasure  and  glory  of  making  a  farther  gror 
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gi«K  in  them  when  called  upon  by  duty  to  nndertake    bavir^  liniihcd  his  lenure  at  the  College  of  Mazarine,  on 


tbcir  defence: 

All  ihe  printed  volumra  or  ihe  Academy  bear  witnen 
to  bis  application  and  industry.  Hia  worlts  arc  ncvei 
detached  piecet,  but  contplece  theories  of  [he  laws  of  mo 
*ion,  central  forceti,  and  the  re&ifclBoce  of  mediums  to 
-moving  bodies,  in  these  he  malies  such  use  of  his  rules, 
that  nothing  egcapes  him  that  baa  any  coDnectiun  with  thi 
wbject  he  treat*. 

Geometrical  certainty  is  by  no  m 
nith  obscurity  and  confusion,   and  thi 
so  great,  that  it  is  turprising  a  mathematician  should  not 
lose  his  way  in  ho  dark  and  perplexing  a  labyrinth.     The 
works  of  M.Varignon  never  occnsiun  this  disagreeable 
surprise,  he  makes  it  his  chief  care  to  place  every  thing 
in  the  clearest  light ;    he.  docs  not,  tike  some  gnat  ge- 
niuses, consult  his  ease'  by  declining  to  take  the  trouble 
of  being  methodical,  a  trouble  much  greater  than  that  of 
composition  itself;  he  docs  not  endeavour  to  acqui 
reputation  for  profoundness,  by  leaving  a  great  deal 
guessed  by  the  reader. 

Though  Varignnn's  constitution  -did  not  seem  easy  to 
be  impaired,  assiduity  and  constant  application  brought 
upon  him  a  severe  diseaK  in  1705.  Great  abilities  are 
gBBCMlly  dangerous  to  the  possessors.  He  was  si\  taoaths 
In  danger,  and  three  yean  in  a  bngnid  slate,  which  ^pro- 
ceeded frcrm  his  spirits  being  almost  entirely  exhausted. 
He  Mtid  nhat  iWDetinies,  when  delirious  with  t 
thoaght  himself  in  the  midst  of  a  forest,  whi 

lesves  of  Ihe  tKes  were  covered  with  algebraical  calcul  a*     might  be  expected,    not  matbemsticaily,  .but  sophi 
tions.     Condemned  by  his  physicians,  bis  friends,  and     cally. 

himself,  to  lay  aside  all  stady,  he  could  not,  when  alone  As  to  his  meinairs  in  the  volumes  of  tbe  Academy  of 
in  his  chamber,  avoid  taking  up  a  book  of  nuthematics,  Sciences,  they  are  far  too  numerous  to  be  here  particu- 
which  he  hid  assoon  as  he  heard  any  person  coming.  .  He  lariced  ;  they  extend  through  almost  all  the  volumes, 
-  Again  resumed  the  a[tili>de  and  behaviaur  of  a  sick  man,  down  to  his  death  in  1722. 
and  seldom  had  occasion  to  counterfeit.'  Our  author  re-  V ASA  Concordia,  in  _ Hydraulics,  are  two  vessels,  so 
covered  from  his  disease ;  but  the  remembrance  of  what  constructed,  as  that  one  of  them,  though  full  of  wine,  will 
fae  faftd  suffered  did  not  make  him  more  prudent  for  tbe  not  run  a  drop,  unless  the  other,  being  full-of  water,  run 
future.  also.     Their  structure  and  apparatus  may  be  seen  in  Wol- 

With  regard  to  his  character,  Fontenelle  observes,  that  fius.  Element.  Malhes.  tom.  3,  Hydraul. 
it  was  at  this  time  that  a  writing  of  bis  appeared,  in  VAUBAN  (Sebastian  le  Prbstre),  a  very  great 
which  he  censured  Dr.  Wallis  for  having  advanced  that  French  engineer,  was  born  in  I6J3.  He,  displayed  gieat 
there  are  certain  spaces  more  than  infinite,  which  that  abilities  and  skill  in  many  sieges,  and  his  services  were  re- 
great  geomcTridau  ascribes  to  hyperbolas.  He  maintain-  warded  with  the  first  military  honours.  He  Was  made 
ed,  on  the  contrary,  that  they  were  finite.  The  crifltism  governor  of  Usie,  commissary- general  of  the  fortifica* 
was  softened  with  all  the  politeness  and  respect  imagina-  tions  of  France,  and  afterwards  governor  of  the  maritime 
ble  ;  but  a  criticism  it  was,  though  he  had  written  it  only  parts  of  Flanders,  and  a  marshal  of  France.  He  died  in 
for  himself.     He  let  M.  Carr6  see  ' 


the  33il  of  December  1723,  he  died  suddenly  the  foUow- 
tng  night. 

His  character,  says  Fontenelle,  was  as  simple  as  his 
superior  understanding  could  require.  He  was  not  apt 
to  be  jealous  of  the  fame  of  others:  indeed  he  was  at 
the  head  of  the  French  inutbematicians,  and  one  of  the 
best  in  Europe.  It  must  be  owned  however,  that  when 
a  new  idea  was  offeri^d  to  him,  he  was  too  hasty  to  object, 
patible  The  fire  of  his  genius,  the  various  insights  into  every  sub- 
ject, mode  too  impetuous  an  opposition  to  ihoie  that  were 
olfered  ;  so  that  it  was  not  easy  to  obtain  from  him  a  £t- 
voiirable  attention. 

His  works  that  were  pnbljlhed  separately,  were, 

1.  Projetd'une  NouvelleMecbaniquc;  4to,Parisl€87. 

2.  Des  Nnuvelles  Conjectures  sur  la  Pesanteur. 

3.  Nouvdle   Mechaniquc    ou    Statique,  2  tom.  4to, 
1725. 

4.  Un  Traill  du  Mouvement  &  de  la  Mesure  des  Eaus 
be     Courantes  Sec.  1723,  in  4to. 

5.  Eclaircissemeot  sur  1' Analyse  des  Infiniment  Petits, 
in  4to. 

6.  Des  Cahiers  de  Motb^matiques,  ou  El^mens  de  Ma- 
thematiquesi  in  1731. 

7-  Uiie  Demonstration  de  la  Potttbiliti  de  la  Presence 
rtelle  du  Corps  de  Jesus  Christ  dans  I'Eucharistie ;  in 
a  collection  entitled.  Pieces  Fugitives  aur  I'Euchariitie, 
fever,  he     published  in  1730;  «n  extraordinary  thing  for  a  matbe- 
ill  the     matician  to  undertake  to  demonstrate;  which  he  does,  as 


State  that  rendered  him  indifferent  about  things  of  thai 
kind;  and  that  gentleman,  influenced  only  by  the  inte- 
rest of  the  sciences,  caused  it  to  be  priiiled  in  the  me- 
tnoirs  of  the  Academy  of  Sciences,  unknown  to  the  au- 
thor, who  thus  made  an  attack  against  bis  inclination! 

Not  withstanding  his  greut  desire  of  peace,  in  the  latter  each  olhi 
part  of  his  life  he  was  involved  in  a  dispute.  Au  Italian  Vaults 
monk,  well  versed  in  mathematics,  attacked  him  on  the 
subject  of  tangents  and  thK  angle  of  contact  in  carves,  such 
as  they  are  conceived  in  the  arithmetic  of  infinites;  be 
atiswered  by  the  last  memoir  he  ever  gave  to  the  Academy, 
and  tbe  only  one  which  turned  on  a  dispute. 

In  the  last  two  years  of  his  life  he  was  attacked  with 
an  asthmatic  complaint.  This  disorder  increased  daily, 
and  all  remedies  were  ineffectual.     He  did  not  however 


1707,  having  brought  fortification  to  a  degree  of  perfec- 
:ion  unknown  before.     His.writiogs  on  these  subjects  are 
itill  in  very  high  esteem. 
VAULT,  in  Architecture,  an  arched  roof,  so  contrived, 
veral  titones  of  which  it  convsts,  by  their 
ito  the  form  of  a  curve,  inaiuolly  lustoin 
as  the  arches  of  bridges,  &c. 
to  be  preferred,  on  many  occasions,  to  soF- 
filings;  as  they  give  a  greater  rise  and  eteva- 
also  more  firm  and  durable. 

Salmasius  observes,  had  only  three  kinds 
of  vaults:  the  first  the  fornix,  mode  cradle-wise ;  the  2d, 
tbe  testudo,  tortoise-wise,  or  oven-wise ;  the  3d,  (he 
concha,  jnade  shell-wise.  But  the  moderns  subdivide 
these  three  kinds  into  a  great  many  mure,  to  which  they 
diSerenl  names,  according  to  their  figures  and  use: 


that  the 


fits,  or  flat 

tion,  and  a 

Tbe 


« from  any  of  his  customary  busineES ;  so  thu,  after    tome  arc  circular,  others  elliptical,  &c. 
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V  E  L 
equilibrio,  ' 


Agaiiit  the  sweeps  of  Bome  are  larger,  and  uthere  leu  iucrcajcd,  to  be  id   equilibrio,  or   to    tend   tvitb  equal 

portions  of  a  sphere :    all  ubove  hemispheres  aru  called  forces  to  fall ;  which  gives  the  firmmt  dUpositJon  that  a 

high,  or  surmouDted  vaults;  all  that  are  less  than  homU  vault  can  have.     Ikfore  him,  the  arcbilccta  had  no  ce^lain 

sphere*,  are  low,  or  surbagtd    vaults,  8(c. — lu  some  the  rule  to  conduct  theroselvet  by;  but  did  all  at  random, 

lis  grc-Bcer  iban  the  diameter ;  in  ochvrK  it  is  It^ss :  Reckoning  the  degrees  of  the  quadrant  of  the  circli>,  from 


they 


there  are  «lhera  again  qiiiti:  flat,  only  made  wiih  haui 
others    oven-like,    and     olliers    growing 
lengthen,  like  a  trumpet. 

Vaults  are  cither  single,  double,  cross,  diegon*l,  hori- 
suntat,  ascending,  descending,  angular,  oblique,  pendent, 
&c,&c.  There  arc  alsoGotbic vaults,  with  pendeDlives,ji(c. 

3fiuter  Vdt;LTS,  are  those  which  cover  the  principal 
parts  of  buildings;  in  contradistinction  from  the  less,  or 
■ubordiaate.  vaults,  which  only  cover  some  small  part ; 
as  a  passage,  a  gate,  &c. . 

DoubUV AVLT,  is  such  a  one  as,  being  built  over  ano- 
ther, to  make  the  exterior  decoration  range  with -the  in- 
terior, leaveti  a  space  between  the  convexity  of  the'  one 
and  the  concavity  of  the  other;  as  in  the  dome  of  Sl 
Paul's  at  London,  and  that  of  St  Peter's  at  Rome. 

Vaults  with  ContjKiTiimaux,  are  snch  whose  sweep,  or 


i  are  usually 
CO,  on  brick 
.  Rome;  and 


inner  face,  is  enriched  with  panncls  of  iculpti 
rated  by  platbands.     Theie  corapartiroenis,  whi 
difii'rent  hgures,  according  to  the  vaults,  and  ai 
gilt  on  a  white  ground,   are  made  witi 
vaults;    as  in  the  church  of  Sl  Pett 
with  plaster,  on  timber  vaults. 

Tktory  qf  Vaults  — In  a  semicircular  vault,  or  arch, 
being  a  hollow  cylinder  cut  by  a  plane  through  its  axis, 
standing  on  two  imposts,  and  all  the  stones  that  compose 
it  being  cut  and  placed  in  such  a  manner,  as  that  their 
jojnts,  or  beds,  being  prolonged,  do  all  meet  in  the  centre 
of  the  vault ;  it  is  evident  ihst  all  the  stones  must  be  cut 
wedge-wise,  or  wider  at  top 
virtue  of  which,  they 


the  keystone  to  tbc  impost,  ^ihc  length  or  wcJgbi  of  each 
stone  must  be  so  much  greater,  as  it  is  farthir  from  the 
key.  Lahire's  rule  is,  lo  augment  the  weight  of  each 
stone  above  that  of  the  keystone,  aa  much  as  ihc  tangent 
of  the  arch  to  the  stone  exceeds  the  tangent  of  the  arch 
of  half  the  key.  Now  the  tangent  of  the  last  slune  be- 
cotnes  infinite,  and  consequently  the  weight  should  be  so 
too;  but  as  inlinily  Lhii  no  place  in  practice,  the  rule 
amounts  to  this,  that  the  last  stone  be  liiaded  as  much  as 
possible,  and  the  others  in  proportion,  that  they  may  iha 
better  resUt  the  effort  which  the  vadll  makes  to  separals 
them;  which  is  called  the  shoot  or  drift  of  the  vault. 

M.  Parent,  and  other  authors,  have  since  determined 
the  curve,  or  figure,  which  the  exlrados  or  outside  of  a 
vault,  whose  intrados  or  in&ide  is  spheri cal, ought  to  have, 
that  all  the  stones  may  be  in  equilibrio. 

The  above  rule  of  Loire's  has  since  been  found  not 
'h  are  of    accurate.     See  AacK,  and  Bkidge.     See  also  n 


on  the  Principles  of  Bridges  in  my  Tracts,  and  Emer- 
son's ConsliuciiuD  of  Archn ;  also  M.  Berard's  btatiqu* 
des  A'onles. 

Ky  tjfa  Vault.     See  Ket,  and  Voussoik. 
Rtiw  or  Fitlingt  up  (jf  a  Vault,  arc  the  sides  which 
sustain  it. 

Pendaitive <^ ay AVit.     See  Pendentitp., 
Impmt  <tfa  Vault,  is  tbc  sione  upon  which  is  laid  lh« 
first  voussoir,  or  arch'Stonc  of  the  vault. 

Vl'^ADAK,  iuChronulogy,  the  13lh  month  of  the  Jewish 
id  above,  than  below ;  by     ecclesiastical  year,  answering,  commonly  lo  our  March  ; 
each  other,  and  mutually     this  month  Is  intercalated,  to  prevent  the  beginning  of  f4i«  , 
san  from  being  removed  to  the  end  of  February.     , 

VJiCTlS,  in  Mechanics,  one  of  the  simple  mechanical 
powers,  more  usually  called  the  Lever. 

VECTOR,  or  ajrfiiM  Vtctor,  in  Astronomy,  is  a  line 
conceived  to  be  tirtfwn  from  any  plaiiet  moving  rounck  a 
Centre,  or  the  focus  of  an  ellipse,  to  thai  centre,  or  focus. 
It  is  so  called,  because. it  is  [hat  line  by  which  the  planet 
seems  to  be, carried  round  its  centre ;  and  with  which  it 
describe* areas  proportional  to  the  times. 

VELOCITY,  Ccia-ity,  or  Sw^fflew,  in  Mechanics,  is  thai 
of  moiinn,  by  which  a  moving  body  passes  over 
^ace  ina  certain  time.     This  is  always  propor- 
tional to  the  space  moved  over  in  a  given  time,  when  the 
velocity  is  uniform,  or  always  ibename  during  that  time. 
Velocity  is  either  uniforiu  or  variable.     Uniform,  or 
equal  velocity,  is  that  with   which  a  body  pastes  ovei 
equal  spaces  in  equal  times.     And  it  is  variable,  ur  une- 
qual, when  the  spaces  passed  over  in  equal  times  arc  un« 
which  case  it  is  either  accelerated  or  retarded 
and  this  acceleration,  or  retardation,  may  also 


'  opi^ose  the  effort  of  their  weight,  which  di 
to  fall. 

The  stone  in  the  middle  of  the  vault,  which  is  perpen- 
dicular to  the  horizon,  and  isn^alled  rhe  key  of  (he  vault, 
is  sustained  on  each  side  by  the  two  contiguous  stones, 
as  by  two  inclined  planes^  The  second  stone,  which  is 
on  the  right  or  left  of  the  keystone,  is  sustained  by  a 
thini ;  which,  by  virtue  of  the  figure  of  the  vault,  is  neces- 
sarily more  inclined  to  the  second,  than  the  second  is  lo 
llic  first;  and  consequently  the  second,  in  the  effort  it 
makes  to  fall,'  employs  a  less  part  of  its  weight  than  the  affecii 
first.  For  the  same  reason,  all  the  stones,  reckoning  from 
the  keystone,  employ  still  a  less  and  less  part  of  their 
weight,  to  the  last ;  which,  resting  on  the  boriiontal  plane, 
employs  no  part  of  its  weight,  or  makes  no  effort  to  fall, 
,  as  being  entirely  supported  by  the  impost 

Now  a  great  point  to  be  aimc^  at  in  vaults,  is,  thai  all 
tbc  several  stones  make  on  equal  effilrt  to^ll ;  to  effect  this, 
it, is  evident  that  as  each  stone,  reckoning  from  the  key  to     equai 
the  impost;  employs  a  still  less  and  less  part  of  its  whide     velocity 


.e.  uniform  or  vanabie,  &c.     Sim 


eight;  the  first  only  employing,  for  example,  one-half;  be  equal  or  unequal,  i 

the  2d,  one-third  ;    the  3d,  one-fourth;  &c;  there  is  no  Accelebation,  and  Motion. 

other  way  to  make  these  different  parts  equal,  but  by  a  Velocity  is  also  either  absolute  or  relative.     Absolut* 

proportionable  augmentaUon  of  the  whole;  ihatis,  the  velocity  is  that  we  have  hitherto  been  considering,  in  which 

second  stone  must  be  heavier  than  the  fitst,  the  third  the  velocity  of  a  body  is  considered  eimplyin  itself,  or  as 

header  thao  the  second,  aod  so  on  to  the  last,  which  passing  over  a  certain  space  in  a  certain  time.     But  rela- 

should  be  vasUy  heavier.  live  or  rw>eclive  velocity,  is  that  with  which  bodies  ap- 

Lahire  demonstrates  what  that  proportion  is,  in  which  proach  to,  or  recede  from  one  another,  whether  they  both 

the  wrighu  of  the  stones  of  a  semicirculu  arch' most  he  move^or  one  of  them  beat  rest.    Thus,  if  one  body  awvft 
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with  the  absolute  velocity  of  S  fret  per  secondi  and  ano-  inclined  planes,  forming  an  obtuse  angle,  and  that  it  is  dif- 

ther  with  that  of  6  feet  per  second  ;  then  if  they  move  ferent  from  the  velocity  a  body  acquires  by  descending 

directly  towards  each  orher,  the  relative  velocity  with  perpendicularly  througb  the  same  height ;  also  that  the 

which  they  appnmch  is  that  of  8  feet  ppr  second  ;   but  if  velocity  on  quitting  the  first  plane,  is  to  that  with  which 

they  move  both  ihc  same  way,  so  that  the  latter  overtake  it  enters  the  second,  and  in  this  latter  direction,  as  radios 

the  former,  then  the  relative  velocity  with  which  that  over-  to  the  cosine  of  the  angle  of  inclination  between  the  two 


takes  it,  is  only  that  of  4  feet  per  second,  or  only  half  of 
the  former;  and  conseqnently  it  will  require  double  the 
lime  of  the  former  before  they  come  in  contact  together. 

Velocity  in  a  Right  Line. — V/bvn  n  body 
a  uniform  velocity,  the  spaces  passed 
times,  are  proportional  to  the  times 


scribed  by  two  difterent  uniform  velocities, 
time,  are  (1  report  ions  1  to  the  velocities;  and  consequently 
when  both  times  and  velocities  are  unequal,  the  spaces  de- 
scribed are  in  the  compound  ratio  of  the  times  and  velo- 
cities.    That  is,  B  oc  tv,  and  «  a  tr  ;  or  s  :  (  :  :  tv  ;  (v. 


plan 

This  conclnsiun,  however,  Gregory  observes,  does  nut 
apply  to  the  motions  of  descent  down  any  curve  lines,  be- 
cause the  contiguous  parts  of  curve  lines  do  not  form  any 
by  it,  in  different     angle  between  them,  and  consequently  no  part  of  the  ve' 
the  spaces  de-     locity  is  lost  by  passing  from  one  part  of  the  curve  to  the 


Hence  also,  v 
space  directly  ai 


,  or  the   velocity  i 


d  the  time 

But  in  uniformly  acceieraled  motions  ;  the  last  df^i 
of  velocity  uniformly  gained  by  a  body  in  beginning  from 
rest,  is  proportional  to  the  lime  ;  and  the  space  described 
from  the  beginning  of  the  motion,  is  as  the  product  of  the 
time  and  velocity,  or  as  the  square  of  the  velocity,  or  as 
the  square  of  the  time.  That  is,  in  uniformly  accele- 
rated motions,  c  «  (,  and  s  a  (e  or  oc  t>*  or  oc  C.  And, 
in  fluxions,  (  =  vl. 

Velocity  qf  Bodies  moving  in  Curra. — According  to 
Galileo's  system  of  the  descent  of  heavy  bodies,  which  is 
now  universally  admitted  among  philosophers,  the  vel 
lies  of  a  body  falling  Vertically  are,  at  each 
fall,  as  the  square  roots  of  the  heights  from 
fallen ;    reckoning  from    the  beginning  of  the  descent. 
Hence  he  inferred,  that  if  a  body  descend  along  an  in- 
clined plane,  the  velocities  acquired  at  different  times,  will 
be  in  the  same  ratio  :  for  since  its  velocity  is  all  owing  to 
its  fall,  and  it  only  falls  as  much  as  there  is  perpendicular 
height  in  the  inclined  plane,  the  velocity  should  be  still 
tncuured  by  that  height,  the  same  v  if  the  descent  were 
TenicaL 


ifcrs,  that  the  velocities 
scending  down  a  continued  curve  line,  are  the  same  as  by 
falling  perpendicularly  through  the  same  height.  This 
principle  is  then  applied,  by  (he  author,  to  the  motion  of 
pendulums  and  projectiles. 

Varigoon  too,  in  the  year  l693,  followed  in  the  same 
track,  showing  that  the  velocity  lost  in  pasting  from  one 
right  lined  direction  to  another,  becomes  indefinitely  small 
in  the  course  of  a  curve  tine ;  and  that  therefore  the  doc- 
trine of  Galileo  holds  good  for  the  descent  of  bodies  down 
a  curve  line,  viz,  that  the  velocity  at  any  point  of  the 
curve,  is  equal  to  that  which  would  be  acquired  by  falling 
through  the  same  perpendicular  altitude. 

The  nature  of  every  curve  is  abundantly  determined  by 
the  ratio  of  the  ordinates  to  the  corresponding  abscisses; 
and  the  essence  of  curvet  in  general  may  be  conceived  as 
consisting  in  this  ratio,  which  may  be  varied  in  a  thousand 
different  ways.  But  this  same  ratio  will  be  also  that  of 
two  simple  velocities,  by  whose  joint  effect  a  body  may 
itofits  describe  the  curve  in  question;  and  consequently  the  es- 
!  it  has  sence  of  all  curves,  in  general,  is  the  same  thing  as  the 
concourse  or  combination  of  all  the  forces  which,  taken 
two  by  two,  may  move  the  same  body.  Thus  we  have  a 
most  simple  and  general  equation  of  all  possible  curves, 
and  of  all  possible  velocities.  By  means  of  (his  equation, 
as  soon  as  the  two  simple  velocities  of  a  body  are  known, 
the  curve  resulting  from  them  is  immediately  determined. 
It  may  be  observed,  in  particular,  according  to  this 
equation,  that  an  uniform  velocity,  combined  with  a  velo- 


The  same  principle  led  him  also  to  conclude,  that  if  a  city  that  always  vat^  as  the  square  roots  of  the  heights, 
body  fall  through  several  contiguous  inclined  planes,  ma-  will  produce  the  particular  curve  of  a  parabola,  inde- 
king  any  angles  with  each  other,  much  like  a  stkk  when  pendent  of  ilie  angle  made  by  the  directions  of  the  two 
broken,  the  velocity  would  still  be  regulated  after  the  same     '  ""'     '        ' 

manner,  by  the  vertical  heights  of  the  different  planes 
taken  together,  considering  the  last  velocity  as  the  same 
that  the  body  would  acquire  by  descending  through  the 
same  perpendicular  height. 

lliis  conclusion,  it  seems,  continued  to  be  acquiesced  in, 
4ill  the  year  1672,  when  it  was  demonstrated  (o  be  false,  ,  ,     , 

bjr  James  Gregory,  in  a  small  piece  of  bii,  intitlcd  Tenta-  piece  by  which  they  are  discharged.  This,  it  is  now  known, 
mina  queedam  Geometnca  de  Motu  Penduli  et  Projecto-  is  much  more  considerable  than  wasformetly  apprehended, 
rum.  This  piece  has  been  very  little  known,  because  it  For  the  method  of  estimating  it,  and  the  result  of  a  va- 
only  added  to  the  end  of  an  obscure  and  pseudony-  riety  of  experiments,  by  Mr.  Robins,  and  myself,  &c,  bee 
"''      "  ■>■■■-  .     j|,g  articles  Gum,    Gukhkrt,   PaojEcriLa,    Besist- 


forces  that  give  the  velocities  ;  and  consequently  a  can- 
non ball,  projected  cither  horiaontally  or  obliquely  to  the 
boriion,  must  always  describe  a  parabola,  were  it  not  Jbr 
the  resistance  of  the  air. 

Ckrcuiar  VxLociTT.     See  Circular. 

/aiJio/VELOCiTT,  in  Gunnery,  denotes  the  velocity  with 
which  military  projectiles  issue  from  the  mouth  of  the 


mous  piece  of  hia,  then  published,  to  expose  the 
vanity  of  Mr.  Sinclar,  professor  of  nntural  philosophy 


Glasgow.  Thisliitlcjeu  d'espril  of  Gregory  is 
great  and  new  Art  of  Weighing  Vanity  :  or  a  discovery  of 
the  Ignorance  and  Arrogance  of  the  great  and  new  Artist, 
in  his  Pseudo-Philosophical  writings  :  by  M.  Patrick  Ma- 
thers, Arch-Bedal  to  the  University  of  St.  Andrews."     In       . 

the  Tentamina,  Gregory  shows  what  the  real  velocity  is,    experimenU  (Pfailos.  Trans,  vol.  71,  pa.  329),  has  pursued 
whicb  «  bodjr  acquires -by  descending  dowo  twoconiiguoos    tl>e  same  idea  at  consideraUe  length,  in  a  number  of  expe- 


ind3. 

Principles  of  Gun- 
nery, at  another  mettiod  of  measuring  the  initial  velocities 
of  military  projectiles,  vii,  from  the  arc  of  vibration  of 
the  gun  itself,  in  the  act  of  expulsion,  when  it  is  saspeoded 
by  an  axis  like  a  pendulum.     And  Mr.  Thompson,  it  " ' 
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nraents,  from  which  he  deduce*  a  rule  for  computing  the  expenmenti,  u  related  in  my  Tnicu,  mem  initilDlcd  with 
velocity,  which  i«  somewhat  different  from  that  of  Mr.  Ro-  cannon  of  various  lengths,  and  charged  with  many  dr&r- 
bins,  but  which  agrees  very  well  with  his  own  experiments,  eat  quantities  of  powder;  and  the  initial  velocities  of  the 
This  rule  however  being  drawn  only  from  the  experi-  shot  were  computed  both  from  the  vibration  of  a  bullisiic 
tnents  with  a  musket  barrel,  and  with  6  small  charge  of  pendulum,  and  from  the  vibration  of  the  gun  iisclfj  but 
powder,  and  besides  beiogdifferent  from  that  in  the  theory  the  conitcquence  was,  that  these  two  hardly  tver  agreed  to 
a»  proposed  by  Kobii»;  it  was  suspected  that  it  would  not  gether,  and  in  many  cases  they  dlRered  by  almost  400  feet 
obtain  when  a^iplied  to  cannon,  or  other  large  pieces  of  '  per  second  in  the  velocity.  A  brief  absiruct  lor  a  coni- 
ordnancc,  of  different  and  various  lengths,  and  to  larger  parison  between  these  two  methodi,  is  contained  in  the  ful- 
charges  of  powder.    Fur  this  reason,  a  great  number  of    lowing  tablet,  vii, 

Compariion  qf  the  Velocitia  Ay  the  Gun  and  Pauiiihim. 


Gun. 

No. 

■°"- 

4  Ouncn. 

aO„™. 

16  Ounce*. 

Vf lociij  bj 

Diff. 

Vdooiijby 

D.(L 

VetocU,  bj 

Kff. 

Veloc 

Ijrbj 

D-iff. 

Gun. 

Pend. 

Gnu. 

Pmd. 

Gnu. 

P.nd. 

Gun. 

e«>d. 

1 
2 
3 
4 

830 
863 
919 
929 

780 
835 
920 
970 

50 
S8 

-1 
-41 

1135 
1203 
1294 
1317 

1100 
1.80 
1300 
1370 

35 

23 

-6 

-S3 

1445 
1521 
1631 
1669 

1430 
1580 
1790 
1940 

15 

-59 
-159 
-271 

1345 
I4S5 

'1680 
1730 

1377 
1656 

1998 
2106 

-32 
-171 
-318 
-376 

In  this  table,  the  first  column  shows  the  number  of  the 
gun,  u  they  were  of  different  lengths;  viz,  the  length  of 
number  1  was  30f  inches,  number  3  was  iO^  inches,  num- 
ber 3  wai60  inches,  and  number  4  was  83  inches,  nearly. 
After  the  6rat  column,  the  rest  of  the  table  is  divided  into 
four  spaces,  for  the  four  charges,  2,  4,  6,  l6  ounces  of 

Kowder :  and  each  of  these  is  divided  into  three  columns, 
I  the  first  of  the  three  is  the  velocity  of  the  ball  as  deter- 
mined from  the  vibration  of  the  gun  ;  in  the  second  is  the 
velocity  as  determined  from  the  vibration  of  the  pendu- 
lum ;  and  in  the  third  is  the  difference  between  the  two, 
being  so  many  feet  pcr«ec6nd,  which  is  marked  with  the 
negative  sign,  or  — ,  when  the  former  velocity  is  too  little, 
otherwise  it  is  positive. 

From  the  comparison  contained  in  this  table,  it  appears, 
in  general,  that  the  velocities,  determined  by  the  two  dif- 
ferent methods,  do  not  agree  together  ;  and  that  therefore 
the  method  of  determining  the  velocity  of  the  ball  from  the 
recoil  of  the  gun,  is  not  gi-nerally  true,  though  Mr.  Ro- 
bins and  Mr.  Thompson  had  suspected  it  to  be  so :  and  con- 
sequently that  the  effect  of  the  inflamed  powder  on  the 
recoil  of  the  gun,  is  not  exactly  the  same  when  it  is  fired 
without  a  ball,  as  when  it  is  fired  with  one.  It  also  ap- 
pears, that  this  difference  is  no  ways  regular,  neither  in  the 
diSerent  guns  with  the  same  charge  of  powder,  nor  in  the 
same  guu  with  different  charges:  that  with  very  small 
charges,  the  velocity  by  the  gun  is  greater  than  that  by 
the  pendulum  ;  but  that  the  latter  always  gains  upon  the 
former,  as  the  charge  is  increased,  and  Soon  becumes  equal 
to  it ;  afterwards  it  proceeds  to  exceed  it  more  and  more: 
that  the  particular  charge,  at  which  the  two  velocities 
become  equal,  is  ditfcrent  in  the  different  guns  ;  and  that 
this  charge  is  less,  or  the  equality  sooner  takes  place,  as  the 
gun  is  longer.  And  all  this,  whether  we  use  the  actual 
velocity  "\vith  which  the  ball  strikes  the  pendulum,  or  the 
same  increased  by  the  velocity  lost  by  the  resistance  of  the 
.  air,  in  its  flight  from  the  gan  to  the  penilulura. 
yirlual  Velocity,  See  Vibtwal  Felocuy, 
VENA  CoRTHACTA,  a  term  employed  by  Sir  Isaac 
Newton  to  denote  that  section  of  a  stream  of  fluid  issuing 
from  an  orifice  in  the  side  or  bottom  of  a  vessel,  at  the 
distance'of  its  diameter  from  the  orifice.  When  a  fluid 
Vol.  II. 


issues  from  a  vessel,  the  velucily  through  the  orifice  does 
not  arise  from  a  continual  acceleration  of  descending  par- 
ticles by  the  force  of  gravity,  as  in  the  case  of  a  body 
falling  freely,  but  it  is  communicated  by  the  wholi'  pres- 
sure of  the  surrounding  fluid;  in  consequence  of  which,  . 
the  water  rushing  towards  the  orificB  in  all  directions 
causes  a  contraction  in  the  stream  ;  and  at  a  distance  from 
the  oriGcc  equal  to  its  diameter.  Sir  Isaac  Newton  mea- 
sured the  diameter  of  the  section  of  the  stream  (which 
section  he  called  by  the  above  name),  and  found  it  to  be 
to  the  diameter  of  the  orifice  as  1\  to  35  :  hence,  the  area 
of  the  orifice :  the  area  of  the  vena  contracta  (they  being 
supposed  to  be  similar)  :  :  95*  :  21*,  which  is  very  nearly 
as  ^2  :  1 ;  and  as  the  velocity  is  inversely  as  the  area  of 
the  section,  the'  velocity  at  the  vena  contractu  :  the  velo- 
city at  the  orifice  :  :  ^1  :  1.  Also  from  the  quantity  of 
water,  running  out  in  a  given  time,  and  the  area  of  the 
vena  contracta.  Sir  Isaac  also  determined  that  the  velo- 
city at  the  vena  contracta  is  that  which  a  body  acquires 
in  falling  down  the  altitude  of  the  fluid  above  the  orifice; 
hence  the  velocity  at  the  orifice  (being  less  than  that  at 
the  vena  contracta  in  the  ratio  of  ^3  :  1)  is  that  which 
a  body  would  acquire  in  falling  down  half  the  altitujie. 
See  the  art.  Water,  Motion  vf. 

VENTILATOR,  a  machine  by  which  the  noxious  air 
of  any  close  place,  as  an  hospital,  gaol,  ship,  chamber, 
&c,  may  he  discharged  and  changed  for  fresh  air. — The 
noxifius  qualities  of  bad  air  have  been  long  known; 
and  Dr.  Hales  and  others  have  taken  great  pains  to 
point  out  the  miscbieb  arising  from  fuul  air,  and  to 
prevent  or  remedy  them.  '  That  philosopher  proposed  an 
easy  and  effectual  one,  by  the  use  of  bis  ventilators  ;  the 
account  of  which  was  read  before  the  Itoy  al  Society  in  May 
1741  ;  and  a  farther  account  of  it  may  be  seen  in  his  De- 
scription of  Ventilators,  printed  at  London  in  8vo,  1743  ; 
and  still  farther  in  part  2,  pu.  32,  printed  i)i  1758  ;  where 
the  uses  and  applications  of  them  are  pointed  out  for  ships, 
and  prisons,  &c.  For  what  is  said  of  the  foul  air  of  ships 
may  be  applied  to  that  of  gaols,  mines,  workhouses,  hos- 
pitals, barracks,  &c.  In  mines,  ventilators  may  guanl 
■gainst  the  suffocations,  and  other  terrible  accidents  a  rising 
from  damps.  The  air  of  gaols  ha?  often  proved  infectious'; 
4C 
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ud  we  bsJ  ft  fatftl  proof  of  tbi«,  by  the  Kci<leBt  ib>t  hap-  Psiit,  snd  ths  nkvy  of  Fmnee  wu  orclemt  to  be  fumtsbed 

ftiMi  loroe  ymn  since  at  the  Old  Bailey  WMioiu.     Alter  witb  the  like  vmtilaton. 

tbat,   v«ntilaton  were  used    in  tbe  pruon,  which  were  Mr.  Erasmus  King  proposed  to  have  TentilatOTB  wodced 

worked  by  a  smalt  windmill,  placed  on  tbe  top  of  New-  bjthe  fiKi-Dgincs,  in  minea.    And  Mr.  Fitigerald  batsug- 

pt«;ttiid  the  priion  became  more  healtfay.  '  gested  an  improved  meiliod  of  doing  tfan,  whicb  beha«also 

Dr.  Hale*  farther  miggeali,  tbat  Tentilaion  might  be  of  illuttratcd  l^  figures.     See  Philos.  Trans,  yol,  50,  pa,  727. 

itse  in  making  suit ;  for  whicb  purpose  there  shoald  be  a  There  are  v-arious  ways  of  ventilation,  or  changing  [be 

stream  of  water  to  work  them ;  or  they  might  be  worked  air  of  rooms.     Mr.  Tidd  contrived  to  admit  Jrrsh  lur  into 

by  a  windmill,  and  tbe  brine  should  be  in  long  wfrrow  a  room,  by  taJiing  out  the  middle  uppersash  pane  of  glass, 

cbmbIsi  covered  with  boards  of  canvas,  about  a  foot  above  and  fixing  io  its  place  a  frame  box,  with  h  round  hole  in 

the  surface  of  the  brine,  to  contine  tbe  stream  of  air,  so  its  middle,  about  ti  or  7  inches  diameter;  in  which  holes 

as  lo  make  it  act  on  lb«  surfoee  of  tba  brine,  and  carry  off  are  fixed,  behind  eacL  otherr  a  s«t  of  ssiU  of  very  rhin 

the  water  in  vapours.     Thus  it  might  be  reduced  to  a  dry  hroad  cop (ler-p lairs,  whicb  spread  over  and  cover  the  cir- 

salt,  with  a  saving  of  fuel,  in  winter  and  summer,  or  in  cular  hole,  so  as  Io  make  the  air  which  enters  the  room, 

rainy  weather,  or  any  sute  of  tbe  air  whatever.     VVnti-  and  turning  round  tht.-se  sails,  [o  opivad  loond  in  thin 

lators,  he  apprehends,  might  also  serve  for  drying  linen  sheets  sidrwayi;  and  so.not  to  incommode  persons,  by 

bung  in  low,  long,  narrow  galleries,  especially  in  dump  or  blowing  diiectly  Ufteft  them,  as  it  would  do  if  it  were  not 

rainy  weather,  and  also  in  drying  woollen  cloths,  after  they  hindered  by  tbe  sails. 

are  fulled  or  dyed  ;  and  in  this  case,  the  ventilatory  might  This  method  however  ih  very  unseemly  and  disagreeable 

be  worked  by  the  fulling  water-mill.     Ventilators  might  in  good  rooms;  and  thtrefore,  instead  of  it,  the  late  in- 

also  be  a  useful  appendage  to  malt  and  hop  kilns;  and  the  genious  Mr.  John  Whitebunt  substituted  another;  which 

same  author  is  farther  of  opinion,  that  a  vctitilaiion  of  was,  lo  open  a  small  square  or  rcctanglar  hole  in  the  parly 

warm  dry  air  from  tbe  adjoining  stove,  with  a  cautious  wall  of  the  room,  in  [he  upper  part  near  {he  cieliiig,  at  a 

hand,  might  be  of  service  to  trees  and  platils  in  green-  corner  or  part  distant  from  the  fire  ;  and  before  it  he 

houses ;  where  it  is  wrll  known  that  air  full  of  the  rancid  placed  a  thin  piece  of  metal  or  pastebo&rd,  &c,  attached 

vapours  which  perspire  from  the  plants,  is  very  unfavour-  to  the  wall  in  its  lower  part  just  below  tbe  hole,  but  de- 

able  to  them,  as  well  as  the  vapours  from  human  bodies  dining  from  it  upwards,  so  as  to  give  the  air,  that  enters 

are  to  men  :  for  fresh  air  is  as  necessary  to  the  healthy  by  the-  hok,  a  direction  upwards  against  the  cieling,  along 

state  of  vegetables,  as  it  is  to  tbat  of  animals. — Ventilators  which  it  sweeps  and  disperses  itself  through  the  room, 

are  also  of  excellent  use  for  drying  corn,  hops,  and  malt,  without  blowing  in  a  current  against  any  person.    Tliis 

—Gunpowder   may  be  thoroughly  dried,  by  blowing  air  method  is  very  useful  to  cure  smoky  chimneys,  by  tbus 

up  through  it  by  means  of  ventilators  j  which  ii  of  great  admitting  convcnienily  fresh  air.    A  picture  placed  before 

advantage  to  the  strength  of  it.     These  ventilators,  even  the  hole  pivvents  tbe  sight  of  it  from  disfiguring  the  room, 

the  smaller  ones,  will  also  serve  to  purify  most  easily  and  This,  and  many  other  methods  of  ventilating,  he  meant  to 

effectually,  the  bad  air  of  ii  ship's  well,  before  a  person  is  have  published,  and  was  occupied  on,  when  death  put  ati 

sent  down  into  it,  by  blowing  air  through  a  trunk,  reach-  end  to  his  useful  labours.     These  have  since  been  pob- 

ing  nearly  to  its  bottom.     And  in  a  similar  manner  may  lished,  viz  in  179*,  *to,  by  Dr.  Willan. 

stinking  water,  and  ill-tasted  milk,  &c,  be  sweetened,  viz,  VENUS,  in  Astronomy,  one  of  the  inferior  planets,  but 

bypassing  a  current  of  iiir  through  them,  from  bottom  to  the  brightest,  and  to  appearance  the  largest,  of  all  tbe 

lop,  which  will  carry  ihe  ofr«nsivc  particles  along  with  it.  planets  ;  and  is  designed  by  the  mark  ?  ,  supposed  to  be 

For  ihcie  and  other  uses  to  which  they  might  be  ap-  a  rude  representation  of  a  female  figure,  with  her  trailing 

plied,  as  well  as  for  a  particular  account  of  the  construe-  robe.    Venus  is  easily  distinguished  from  all  the  other 

tion  Bitd  disposition  of  ventilators  in  ships,  hospitals,  pri-  planets,  by  her  whiteness  and  brightness,  in  which  she  e:c- 

sooE,  &c,  and  the  benefits  attending  them,  see  flnles'sTrea-  ceeds  all  the  rest,  even  Jupiter  himtetf,  and  which  is  so 

tise  on  Ventilators,  part  2  passim  ;  and  tbe  Philos.  Trans,  considerable,  that  in  a  dusky  place  she  causes  au  object 

vol.  49,  pa.  332.  to  project  a  sensible  shadow,  and  she  is  often  visible  in 

The  method  of  drawing  olT  air  from  ships  by  means  of  tbe  day-time.    Her  place  in  the  system  is  the  second  from 

fire-pipes,  whicb  $ome  have  preferred  lo  ventilators,  was  tbe  sun,  viz,  between  Mercury  and  the  earth,  and  in  msg- 

published  by  sir  Robert  Moray  in  tlxe  Philos.  Trans.^  for  nilude  is  about  equal  to  Ihe  earth,  or  rather  8  little  larger 

l6u5.    These  are  metal  pipes,  about  2^  inches  diameter,  according  to  Dr,  Heischel's  observations, 

one  of  which  reaches  from  the  fire-place  to  the  well  of  iha  As  Venus  moves  round  tbe  sun,  in  a  circle  beneath  tbat 

ship,  and  other  three  branches  go  to  other  pacts  of  the  of  the  earth,  she  is  never  seen  in  opposition  to  him,  nor  in- 

ship ;  the  stove  bole  and  ash  hole  being  closed  up,  the  fire  deed  very  far  from  him ;  but  seems  (o  move  backward  and 

is  supplied  with  air  through  these  pipes.     The  defects  of  forward,  passing  him  fr^'nT  side  to  side,  to  the  distance  of 

these,  compared  with  ventilators,  arc  particularly  examined  about  47  or  4S  degrees,  both  nays,  which  is  her  greatest 

by  Dr.  Hales,  ubi  sopra,  pa.  113.  elongation.    When  she  appears  west  of  the  sun,  which  ii 

In  the  latter  part  of  the  year  17*1,  M.  Trirwald,  mili-  from  her  inferior  conjunction  to  her  superior,  she  rises  be- 
lary  architect  to  the  king  of  Swi'dcn,  informed  tbe  lecretary  fore  him,  or  is  a  morning  star,  and  is  called  Phosphorus, 
til  tbe  Royal  Society,  tbat  he  bad  in  the  preceding  spring  or  Lucifer,  or  the  Morning  Star ;  and  when  she  i*  east- 
invented  a  machine  for  the  use  of  ships  of  war,  to  draw  wards  from  the  sun,  which  is  from  her  superior  crmjunc- 
out  the  foul  air  from  under  iheir  decks,  which  exhausted  tion  to  her  inferior,  she  sets  after  him,  or  is  an  evening 
36 172  cubic  feet  of  air  in  an  hour,  or  at  the  rate  of  3 1732  star,  and  is  then  called  Hesperus,  or  Vesper,  or  the  Even- 
tuns  JD  24  hours.  In  1742  he  sent  one  of  these  to  France,  iiig  Star :  being  each  of  those  in  its  turn  for  290  days, 
which  was  approved  of  by  the  Academy  of  ScieDces  at  The  real  diameter  of  Veaus  is  nearly  equal  to  that  of 
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the  eartb,  being  »bout  7900  milet;  her  appsrent  mean  north  pole  ^  tbii  rotation  Cued  the  20th  degree  of -Aqua- 

(lianieter  seen  from  the  sun,  or  ber  horiioiitsl  parallax,  riuv,  and  was  elevated  )5    above  the  plane  of  the  ecfiptic. 

30";  but  u  teen  from  the  earth  18"'79  according  to  Dr>  and  that  the  axi>  kept  parallel  tuitaelf,  during  the  plattei's 

Heischel,  or  l6"-7  by  M.  Lalanile ;  her  distance  from  the  iwolution  about  the  sun.    Cussinl  ihe  Bon,  though  he  att-     ' 

sun  68  million  of  miles;  her  eccentricity  tItI'"  ^^  ^^  mits  the  accuracy  of  Biaiicbini's  ohsorTatioiw,  disputes  the 

same,  or  490,000. miles';  the  inclinBtion  of  her  orbit  to  conclusian  drawn  from  them,  and  fiaatly  obK-rves,  that  if 

the  plane  of  the  ecliptic  3°  33';  the  points  of  their  inter-  we  suppose  the  period  of  the  rota  [ion  of  Venus  to  bc23h. 

section  or  nodes  are  14°  of  n  and  /;  the  place  of  <faer  20miQ.  it  agrees  equally  well  with  the  observations  bolh 

aphelion  S!  10°  IS*;  bera^iis  inclined  to  her  orbit  75°  0';  of  his  father  and  Bianchiai ;  but  if  she  revolve  in  2*d.  8h. 

her  periodical  course  round  the  sun  224  days  17  hours ;  then  his  father's  observfttions  must  be  rejected  as  of  no 

the  diurnal  rotation  about  her  axis  very  uncertain,  being  consequence, 

accoriting  to  Cassini  only  23  hours,  but  according  to  the         In  the  Philos.  Trans.  1792,  are  published  the  results  of . 

observations  of  Bianchini  it  is  in  24  days  8  hours;  though  a  course  of  observatious  pn  the  planet  Venuis,  begun  in  the 

Dr.  Herschel  thinks  it  cannot  be  so  much ;  and  by  M.  year  17S0,  by  M.  Schroeter,  of  Lilientbal,  Bremen.    From 

Schroeter  23h.  Slmin,     See  also  Plakets.  these  observations,  the  author  infers,  that  Venus  has  an 

Venus,  when  viewed  through  a  telescope,  is  rarely  seen  atmosphere  in  some  respects  similar  to  that  of  our  earth, 

to  shine  with  a  full  face,  but  has  phases  and  changes  just  but  far  exceeding  that  of  the  moon  in  density,  or  power 

like  those  of  the   moon,    being  increasing,  decreasing,  to  weaken  the  rays  of  the  sun  :  that  the  diurnal  period  of 

homed,  gibbous,  &c :  her  illuminated  part  being  con-  this  planet  is  probably  much  longer  than  that  of  other 

atantly  turned  toward  the  sun,  or  directed  toward  the  planetfl :  that  the  moon  also  has  an  atmosphere,  though 

east  when  she  is  a  morning  Stat,  and  toward  the  west  when  less  dense  and  high  than  that  of  Venus:  and  that  the 

an  evening  star.     These  different  phases  of  Venus  were  mountains  of  this  planet  are  5  or  6  times  as 'high  tv  those 

first  discovered  by  Galileo ;  who  thus  fulfilled  the  pre-  on  the  earth. 

diction  of  Copernicus:  for  when  thitf  ex  eel  lent  astronomer         Dr.  Herschel  too,  between  the  years  1777  and  1793, 

revived  the  ancient  Pythagorean  system,  asserting  that  the  has  made  a  long  series  of  observations  on  this  planer,  uc- 

earth  and  planets  jnove  round  the  sun,  it  was  objected  that  counts  of  which  are  given  in  the  Pbilos.  Trans,  for  17dJ. 

in  such  a  case  the  phases  ^f  Venus  should  resenible  those  The  results  of  these  ubservutions  are :  that  the  pUnec  re- 

of  the  moon;  to  which  Copernicus  replied,  that  some  time  volves  about  its  axis,  but  the  time  of  it  is  uncertais; 

or  other  that  resemblance  would  be  found  out.     Galileo  that  the  position  of  its  axis  is  also  very  uncertain  :  that 

sent  an  account  of  the  first  discovery  of  these  phases  in  a  t^e  planet's  almoqphere  is  very  considerable :  that  the 

letter,  written  from  Florence  in  l6l  1,  to  William  de  Me-  planet  has  probably  hills  anil  inequalitii-s  on  its. surface,  ' 

dici,  the  duke  of  Tuscony's  ambassador  at  Prague ;  de-  but  he  has  not  been  able  to  see  much  of  tiiem,  owing 

siring  him  to  commuriicate  it  to  Kepler.    The  letter  is  ex-  perhaps  to  the  great  density  of  its  atmosphere ;  as  to  the 

tant  in  the  preface  to  Kepler's  Dioptrics,  and  a  translation  mountains  of  Venus,  no  eye,  he  says,  which  is  not  conai- 

of  it  in  Smith's  Optics,  pn.  416.     Having  recited  the  ob-  derably  better  than  his,  or  assislfd  by  much  better  instru- 

servatiuns  he  bad  made,  he  adds,  "  We  have  hence  the  ments,  will  everget  a  si^bt  of  them:  and  that  the  appa- 

most  certain,  sensible  decision  and  demonstration  of  two  rent  diametrr  of  Venus,  at  the  mean  distance  from  the 

grand  questions,  which  lo  this  day  have  been  doubtful  earth,  iB-lB"-79;  whence  it  may  he  inferred,  that  this 

and  disputed  among  the  greatest  masters  of  reason  in  the  planet  is  somewhat  larger  than  the  earth,  instead  of  being 

world.     One  is,  thai  the  planets  in  their  own  nature  are  less,  as  former  astronomers  have  imagined, 
opake  bodies,  attributing  to  Mercury  what  wc  have  seen        Sometime*  Venus  is  seen  in  the  disk  of  the  sun,  in  form 

in  Venus :  and  the  other  is,  that  Venus  necessarily  moves  of  a  dark  round  spot.    'These  appearances,  called  transits, 

round  the  sun;  as  also  Mercury  and  the  other  planets;  happen  but  seldom,  vis,  when  the  eartb  is  about  her 

a  thing  well  believed  indeed  by  Pythagoras,  Cojiernicus,  nodes  at  the  time  of  her  inferior  conjunction.     One  of 

Kepler,  and  myself,  but  never  yet  proved,  as  now  it  is,  by  these  transits  was  seen  in  England  in  l639  by  Mr.  Hor- 

ocular  inspection  on  Venus."  rox    and    Mr.  Crabtree  ;   atid  two  in  the  lust  century, 

Cassiui  and  Cam  pan  i,  in  the  years  i665  and  l<J66,  both  viz,  the  one  June  6,  1761,  and  the  other  in  June  176o> 

discovered  upots  in  the  face  of  Venus :  from  the  appear-  There  will  nut  happen  another  of  them  till  the  year  1 874. 

ances  of  which  the  former  ascertained  he[  motion  about  See  Parallax.     J^xcepi  such  transits  as  these,  Venus 

her  axis ;  concluiling  that  this  revolution  was  performed  exhibits  the  same  appearances  to  us  regularly  every  8 

inlesB'tfaana  day  ;  or  at  least  that  the  briobt  spot  uhich  yean;  her  conjunctions,  elongations,  and  limes  of  rising 

he  observed,  finishad  its  period  either  by  revolution  or  and  setting,  being  very  nearly  the  same, unthe  saniedaysi 

libration  in  about  23'hours.    And'Labire,  in  1790,  through  fls  before. 

a  telescope  of  l6  feet,  obMrvcd  spots  also  in  Venus ;  irhicb        Jn  1672  and  t6S€,  Cassini,  with  a  telescope  of  34  feet, 

he  found  to:be  larger  than  those  in  the  moon.  thought  he  saw  a  satellite  move  round  this  planet,  at  the 

The  next  ubspKvations  of  the  same  kind  ihat  occur,  are  distance  of  about  |  of  Venus's  diameltr.  it  had  (be 
thoae  ofsignior  Bianchini  at  ^Bqme^  in  1726,  1727,  J738,  same  phases  as  Venus,  but  without  any  wdl-defiiicd  form; 
who,  with  Canipnni'^glasses,  discovered  several  datk  spots  and  its  diameter  scarce  exceeded  i  of  the  diameter  *f 
in  the  disk  of  Venus,  of  which  he  gave  an  account  and  a  Venus.  Dr.  Gregory  (Astnn.  lib.  6,  prop.  S)  thinks  it 
representation,  in  his  book  entitled  Heiperi  et  Phosphori  Aiora  than  probable  that  this  was  a  sati'llitc;  and  sup- 
Nova  Pheuomeifa,  published  :at  Rome  in  .1728.  From  potea  that  the  reason  why  it  is  not  more  frequently  'been, 
aeveral  successive  olwervkti(ms;Biaiu:bini  GoDcludfs,  that  is  the  unfitness  of  its  surfitce  to  retlict  the  rays  of 
anitetionof  Venus  about  her  axis  was  not  OMnptetedin  the  sun's  light;  as  is  the  cose  of  the  spots  in  (he 
Si  k«ur«,:aS'CwsiQi.tinuined,  biU.in  SH  days.;  tb*t  the  moon;  for  if  the  whole  disk  of  the  moon  were  composed  - 
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of  tucli,  he  thinks  sbi 
Vvnus. 

Mr.  Short,  in  1740,  wiih 
inches  fucus,  percrivftl  a 
snoUiir  tflpscnpe  of  the  Mn 
tinii-a,  and  fitttd  with 
from  Vinas  ubiul  10';  and  with  a  maij 
C40,  hi^  observed  the  scar  e^iunic  ihe  su 
Venu^;  its  diameter  sef^med  to  be  about 
Ims,  of  the  dianietiT  of  Venus;  its  light  i 
vivid,  but  vkCieiling  sharp  and  ncll  defined. 
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could  not  be.  seen  M  far  aa 


VER 


VERNAL,  somtthing  belonging  lo  llie  spring  season ; 
u  veriml  signs,  vernitt  equinox,  &c. 

VF.RNIEU,  is  a  scale,  or  a  division,  well  adapted  for 
the  grailuatiiin  of  maihemntical  iii&trumenti,  &u  called 
from  Its  inventor  Peter  Vernier,  n  gentlcniait  of  Kranche 
te  dintuncc  Cunil^,  »ho  published  the  di^icovery  in  a  Bniull  tract,  en- 
l  pow^,I  <if  titled  La  ('unslructiuti,  I'Utage,  et  les  Prnpricicz  du 
ba»u9  Mith  Quuilratit  Nuuvcau  de  M nth e mat i que  &c,  primed  «t 
soini^Hhai  Bnisitels  in  l63I.  Thij  was  an  improvemi-iit  on  the  m«- 
bright  and  tliod  uf  diviisinn  proposed  by  Jacobus  Cartius,  primed  by 
■'    viewed     Tycho  inClavius's  Astrolabe,  in  1593.     Vernier's  roctbod 


ig  telescope  of  16^ 
ni'er  Venus :  with 


it  For  the  space  ot  an  hour;  but  never  had  the  ffuai  for-  of  division,  or  d'viding  pinte,  has  been  very  comi^only, 

tune   to  sec   it  after  the  first  morning.     Philos.  Trans,  though  erroneously,  cnlled  by  the  name  of  Nonius ;  the 

No.459,  pa.  646.  '  metliod  of  Nonius  being  very  diflcrcni  from  that  of  Ver- 

M.  Montaign,  of  IJroogos  in  France,  preparing  for  ob-  nicr,  and  much  less  convenient. 
serving  Ihe  transit  of  17til,  discovered  in  the  preceding         When  the  relative  unit  of  any  line  if  so  divided  into 

month  of  May   a  small   star,   about   the  distance  of  20  n,g„y  ^„^^\\  ^^jy^  pg„^_  ^^,^^  ^^^^^  ^^^  ^^  ,qj,  numerous 

from  Venus,  the  .iiameicr  of  it  being  about  }  of  that  Of  ^^  i^,  introduced,  or  if  introduced,  tluj  may  be  too  close 

the   planet.     Others  have   also    thought   they  saw  a  like  to  one  annthiT  to  be   readily  connlid  or  cilimared;  for 

appearKDce.     And  ind.td  it  mu*i  be  acknoivledged,  that  ^hi^h  rcBsiin  there  have  been  various  methods  contrived 

Venus  may  have  a  satellite,  though  it  be  difficdi  for  u*  f^,f  cstimHtiiig  the  aliquot  parts  of  the  small  divisions, 

to  see  it.     lis  cnligtitenett  side  can  never  be  Inliy  turned  jnta  which  the  relative  unit  of  a  line  may  be  commodi- 

lowards  us,  hut  »hen  Venus  is  beyond  the  sun;  in  which  ously  divided  ;  and  among  those  methods,  Verni.-r's  has 

case  Venus  hersell  appears  little  largir  than  an  ordinary  b^p,,  moj|.ju,tiy  preferred  to  all  others.     For  a  curious 

liar,  and  therel.-re  her  satellite  may  be  too  small  to  be  history  of  this,  and  other  inventions  of  i 


>ucli  a  distance.  When  she  is  bitwcen 
and  the  >un,  hir  moon  has  its  dark  side  turned  towards 
us;  und  when  Venus  is  at  her  greatest  elongation,  there 
is  but  hHlf  the  enlightened  side  of  the  moon  turned  toward 
us,  and  even  then  it  may  be  too  far  distant  to  be  seen  by 
us.  But  it  was  presumed,  that  the  two  transits  of  17bl, 
and  1769,  would  afford  opportunity  for  determining  this 

i  and  yet  we  do  not  (ind,  though  many  observers     ^ff;;;:U"Nu"nw  and  Cli 
(iirecte-l  (heir  attention  to  this  object,  that  any  satt-ilite     ^^^^,^  advantage^  ....r  th, 


o  this  object,  that  any  satellite 
was  then  seen  in  the  sun's  disk;  unless  we  except  two 
persons,  viz,  an  anonymous  writer  in  the  London  Chroni- 
cle of  May  18,  who 'says  that  he  saw  the  satellite  of  Ve- 
nus on  the  snn  the  day  of  the  transit,  at  St,  Nei  ■'  -- 
Huntingdonshire;  thai  it  moved  in  a  trbck  poral 


e  Robins's  Math.  TracU,  vol.  3,  pa.  265,  &c. 
This  imgiroicd  method  of  subdividing  scaler  divisions, 
was  Gist  published  by  Peter  Vernier,  a  person  of  dis- 
tinction  in    Franche  Cumte,  in  a  very  small    tract,  en- 
titled. The  Construction,  the  Use,  and  the  Properties  of  a 
New  M»ihea.aticdl  Quadrant,  &c.     In  his  dedication, 
haviug  shown  its  preference  to  what  has  been  done  in  the 
I,  he  adds.  Mine  having  all 
lers,  it  is  not  stithuut  reason 


that  I  call  it  new  and  of  n; 
In  t^e  preface  also  I 


'  own  invention. 
:laims  it  as  his  o\ 
and  says,  by  it  a  quadrant  of  3  inches  Is  rendered  capa* 
j'ld  to     '''«'  "^  determining  1 


In  his  book  he  shows  how 


thatof  Venus,  but  nearer  the  ecliptic;  that  Venus  quitted 
(he  sun's  disk  at  31  minutes  after  8,  and  the  satellite  at 
6  minutes  after  9;  and  M.  Montaign  at  Limoges,  whose 
account  of  his  ubservutions  ia  in  the  Memoirs  of  the  Aca- 
demy of  Paris,  whence  (he  following  certificate  is  ex- 
tracted : — Certificate.  "  We  having  examined,  hy 
order  of  the  Academy,  the  remarks  of  M.  Baudouin  on 
anew  obseivalioa  of  the  satellite  of  Venus,  made  at  Li- 
moges the  11th  of  May  by  M.  Montaign.  This  fourth 
observation,  of  great  ioipurtance  for  the  theory  of  the 
satellite,  has  shown  that  its  revolution  must  be  longer  than 
appeared  by  the  first  three  observations.  M.  Baudouin 
believes  it  may  be  fixed  at  12  days;  as  to  its  distance,  it 
appears  to  him  to  be  50  semidia  meters  of  Venus  ;  whence 

be  infers  that  tbe  mass  of  Venus  is  equal  to  that  of  ibe     P»"  '«;'8"  than  the  gradi 
earth.    This  mass  of  Venus  is  a.  very  essential  element  to     '*■*  division  of  the  fi 


to  apply  it  to  instruments  of  diflcrent  din 
contrivance  is  a  moveable  arch  divided  into  equal  parts, 
one  leu  in  number  than  the  divisions  of  the  portion  of  the 
limb  corresponding  to  it. 

Vernier's  scale  lhi-n,'is  a  small  moveable  arch,  or  scale, 
sliding  along  the  limb  of  a  quadrant,  or  any  other  gra- 
duated scale,  and  divided  into  equal  parts,  that  are  one 
less  in  number,  than  the  divisions  nf  ihe  portiim  of  the 
limb  corresponding  to  it.  So,  if  we  want  to  subdivide 
the  graduations  ou  any  scale  into  (for ex.)  10  equal  parts ; 
we  must  make  the  vernier  equal  in  length  to  11  of  those 
graduations  of  the  scale,  but  dividing  the  same  length  of 
the  vernier  itself  only  into  10  equal  parts;  for  then  it  is 
evident  that  each  division  on  the  vernier  will  be  .,^th 
iment,  or  that 
il  to  i^  of  the  degree  on 


astronomy,  as  it  enters  into  many  computations,  and  pro-  *•"«  \aitrT,  as  that  gains  1  in  H)  upon  this. 
duces  different  phenomena :  &c.  Thus  let  aB  be  a  part  of  the  upper  end  of  a  barometer 
Signed             L'Abb^  De  Ia  Caitle,  tube,  the  quicksilver  standing  at  the  point  c  ;  froiil  V8  to 
De  LaLande."  31  is  a  part  of  the  scale  of  inches,  vis,  from  SB  inches 
VERBERATION,  in  Physics,  a  term  used  to  express  to   31   inches,  divided  into    lOlhs  <>f  inches ;    and   the 
the  cause  of  sound,  which  arises  from  a  verheration  ot  middle  piece,  from  1  to  10,  is  the  vernier,  that  slides  up 
the  air,  when  struck,  In  diver*  manners,  .by  the  several  and  ilown    in  a  groove,  and    having  10  of  its  divisiona 
parts  of  the  sonorous  body  first  put  into  a  vibrsUiry  mo-  equal  to  ll-lD(hs  of  the  inches,  fur  the  purpose  of  sab- 
lion,  dividing  every  lOlb  of  the  inch  into  10  parts,  or,  the 
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inches  into  centMmi  or  100th  parl^ 
la  preclict^f  llie  meihori  of  cuiinting 
is  by  ubMTVTDg  (tvhrn  Ihe  vtrnier  is 
set  wiib  its  itiili-x  at  H'p,  pi 


"'>• 


uillfit    I  lie 


Mb*) 


For  the  method  of  applying  the  vernier  to  a  quadrant, 
see  Hadley'i  Quadrant.  AnJ  for  the  application  iif 
this  instrument  to  a  telescope,  and  the  principles  of  its 
construction,  see  Smith's  Optics,  tmoli  3,  sect.  Sdl. 

VEItSKD  Sine,  of  an  urch,  is  iho  part  ol  llie  dismeier 
intercepted  between  the  sine  and  the  commencitnent  uf 
the  arCi  and  it  is  i-qual  to  the  ditference  betneeji  the  ra- 
dius andithc  cosine.  SeeTer»ed  Sine.  And  \ar  eonerKd 
line,  se«CovcRsED  Sine. 

Vf,RTEX  of  an  AngU,  is  the  angular  point,  or  the 
point  where  the  legs  or  sides  of  the  an);le  meet. 

Vertkx  qfa  Figure,  ii  the  uppermost  point,  or  the 
vertex  of  the  angle  opposite  to  the  baie. 

Vertex  qfa  Curve,  is  the  extremity  of  the  axis  or  dia- 
meter, or  it  is  the  puint  where  the  diameter  meets  the 
curve ;  whicli  is  also  the  vertcK^  of  the  diameter. 

Vertex  iifa  Oitui,  in  Optics,  the  same  as  its  pole. 

Vertex  is  also  used,  in  Astronomy,  for  the  point  of 
the  heavens  vertically  or  perpendicularly  over  our  heads, 
also  called  the  zenith. 

Vertex,  Paih  qflhe.     See  Path. 

VtRTlOAL,  sumething  relating  to  tlie  vertex  or  high- 
est point.     As, 

Vertical  Point,  in  Astronomy,  is  the  saine  wiib  ver- 
tex, or  lenith.— Hence  a  star  is  said  to  be  vertical,  whi-n 
And  so  for  any  other    ■(  hap^H-ns  to  be  in  that  point  which  is  perpendicularly 
over  any  place. 

of  divisions    either  in  the  de-         Vertical  Circie,  is  a  great  circle  of  the  sphere,  pass- 
n  both,  an  an-le  can  be  ob-     '"8  ""'OUg*'  '•'«  ^''"'•t'  a"''  "S"''"' "^ a  place.— Ihe  vcflical 
-ircles  are  aho  called  itgimuths.     The   meridian   of  any 
that  paniculur  one  which 
til  point  of  Ihe  hoilEon. — 
one  another  in  the  Eenitt 


which  di- 
1  of  the  vernier  it  is  that  ex- 
:  nearest,  coincides  with  a 
in  the  scale  of  >Oth»  of 
inches,  for  that  will  show  the  num- 
ber of  lOOths,  over  the  lOths  of 
inches  next  below  the  index  at  top. 
till,  in  ibc  annexed  figure,  the  top  of 
the  vernier  is  between  3  and  3  tenths 
abiive  the  30  inches  of  the  baroine- 
ter;  and  bi'cause  the  8th  division  of 
the  vernier  is  st^n  to  coincide  with  a 
division  of  the  scale,  this  &hows  that 
it  is  8  ccntesms  more :  so  ibat  the 

height  of  the  quicksilver  altogether,  is  3028,  that  is,  SO 
inches,  and  28  hundn-dths,  or  2  tenths  and  8  hundredths. 
If  the  scale  were  not  inches  and  lOths,  but  degreffl  of 
a  quadrant,  &c,  then  the  8  would  be  -r'alhs  of  a  degree, 
or  48' ;  or  if  every  division  on  the  scale  be  1 0  minutes, 
then  the  vernier  will  subdivide  it  into  single 
and  Ihe  S  will  then  be  8     '  -     .       ■ 


By  altering  the  nutnhi 
grees  or  in  the 


ierved  to  many  ditferent  degrees  ol  accuracy.     Thus,  if  a  '='/*^'*^  ^"^  "'^.o  "Hel  aei 

degree  on  a  quadrant  be  divided  into   12  parts,  each  be-  P'"«  '"*  ''"I'"'  ■^'^■^V^- 

ing  5  minutes,  and  the  length  of  the  vernier  be  21  such  P"f<?  "'""'8*'  /''^  7^"*  < 

°  .  .n ^. ...  Al    the  vnTtiPK    nrr  m  ml 


r  1^",  and  divided  into  20  parts, 

Ta"  "    90  ~  a*o  ~  "*"  ~        ' 
is  Ihe  sroalleat  division  the  vernier  will  measure  to;  Or, 
if  the  length  of  the  vernier  be  2/,°,  and  divided  into  30 
parts,  then 

it  the  smallest  part  in  this  case :    Also 

ii  the  smallest  part  when  the  vernier  extends  4}°.     See 
Robertson's.  Navigation,  biMik  a,  pa.  379. 

But  though  the  vernier  was  thus  originally  divided  into 
one  ieu  thaii  the  correspondent  length  on  the  scale,  yet  a 
practice  has  gradually  come  into  use,  of  dividing  it  into 
one  pari  more  than  those  of  the  scale  ;  so  that  it  is  now     serving  how  many  degrees  that  v 


All  the  vertical  circles 
and  nadir. 

The  use  of  the  vertical  ci 
the  height  of  the  s|ars  &c, 
zenith,  which  is  reckoned  ' 

many  degrees  the  vertical, 
it  JiMant  from  the  meridian. 

Prime  Vertical,  is  that  vert icie  circle,  or 
which  passea  through  the  poles  of  the  meridian ', 
is  p<'rpendicular  to  the  meridian,  and  passes  through  the 
equinuciial  points. 

Prime  Verticals,  in  Dialling-    See  Prime  VeTticaU. 

Vertical  <^  the  Sun,  is  the  vertical  which  passes 
through  the  centre  of  the  sun  at  any  moment  of  time. — 
lis  use  is,  in  dialling,  to  find  the  declinaiion  of  the  plane 
on  which  (he  dial  is   to  be  drawn,  which  is  dcme  by  ob- 


and  their  distances  from  the 
1  these  circli-s;  and  to  find 
im|)litude,  by  observing  huw 
n  ivbich  ihe  star  rises  or  sets, 

lutls 


?  usual  to  practise  lliis  latter  way,  than  the  former. 

M.  Delambre,  in    his    Abr£g£    d'Astronomie,    1813, 

pa.  48,  says.  The  general  formula  is,  to  take  n—  1  parts  of 

the  limb,  and  to  divide  them  into  n  parts  on  the  vernier,  or 

the  formula  is  j  then  the  vernier  gives  ibe  —  part 

of  the  division  of  the  limb.     Hijs,  says  he,   I  call  the     string  and  plummet,  and  then 
Direct  Vernier,  because  the  numeration  on  it  proceeds  in     shadow  of  the  threa<l  on  the  pli 


:al  Yt  distant  from  the 


meridian,  after  marking  the  point  or  line  of  ibc  shadow  on 
the  plane  at  any  times. 

Vertical  Dial.     &.-e  Vertical  Di*l. 

Vertical  Lim,  in  Diallins,  is  a  line  in  any  plane  peiv 

pendicular  to  the  horizon. — This  is  best  found  and  d^'awn 

:lining  plane,  by  steadily  holding  up  a 

king  two  points  of  the 


e  fror 


the  same  way  as  on  the  limb.  There  is  another,  which 
I  call  the  Retrograde,  because  the  numeration  on  it  reads 
the  contrary  way;  this  ia  rather  less  common;  and  its 
formula  is  — ' ;  bat  the  principle  is  the  same,  as  well  as 
the  use. 


each  oiher  ;  and  drawing  a  line  through  these  marks. 

Vertical  Line,  in  Conies,  is  a  line  drawn  on  ihe  ver- 
tical plane,  and  through  the  vertex  of  the  cone. 

Vertical  Line,  in  Pers|>ective,     See  VerticiU  List- 
Vertical  Plane,  in  Conies,  is  a  plane  passing  through    . 
the  vertex  of  a  cone,  aud  parallel  to  auy  cunic  lectiou. 
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VzRTiCAL  ritme,  iil   Per^wctive.     See    Flake  uii)  univerul  nieauire  throughoui  thr  wholewarld  ;  and  say 

Ferhpectite.  fix  the  levcnl  jneasnres  that  are  ia  iwe  among  ui.  in  nick 

VkktiCai.  Jmglei,  or  Oppoaic^btgltt/m      \            /  «  raBnner,  wlhai  thty  mighl  be  recovered  ag««,  if  at  any 

Geometry,  are  »uch  u  have  their  legi  w       \        /  time  they  cLould  chance  to  be  io»t,  as  u  the  ca«e  of  most 

sides  continuatioiH  of    each   otber,  ami             V^  of  the  ancient  meaiaiu,  which  we  now  only  km>w  by  cvo- 

whktt  consequently  have  the  tame  vertex            V\  jccture. 

or  angular  point.     So  the  anglea  a  and  A        /        \  "^  VitKAnovn  uf  a  Stretched  Chord,  or  Sfriay,  arUa 
aj«v<?riic«l  angles  ;■■  also  the  angles  c  and       /           \  from  its  elasticity;  which  power  lieitigin  Ibiscase  similar- 
d.  Vertical  angles  arc  equal  to  Mch  otber.  to  gravity,  as  acting  uniformly,  the  vibrations  of  a  chord 
VERTICITY,  it  that  property  of  the  magnet  or  load-  follow  the  same  laws  M  those  trf  peadnluma.     Conse- 
ilune,  orofaneedle,  iic  touched' with  it,  by  which  it  tarns  quenily  the  vibrations  of  the  same  chord  equally  stieitb- 
or  directs  itself  to  some  peculiar  point,  ai  to  its  pole. —  ed,  though  llwy  he  of  unequal  lengths,  are  tsoclirona),  ar 
The  attraction  of  the  magnet  was  known  loi^  before  its"  are  performed  in  equal  timts;  and  thesquareeof  thelimea 
verticity.  of  vibration  are  to  one  another  inversely  as  their  twisions, 
VERU,  a  comet,  according  to  some  writers  resemblir^  or  powers  by  which  they  are  stretched. 
'  a  spit,  being  nearly  the  same  as  the  lonchites,  only  its  head  The  vibrations  of  a  spring  Coo  are  propor.tional  to  tha 
is  rounder,  and  ila  tmiji  longer  and  sharper  pointed.  powers  by  which  it  ia  bent.     These  follow  the  same  laws 
VESFEJl,  in  Astronomy,  called  also  Hesperu^  and  the  as  those  of  the  chord  and  pendulum ;  and  consequently 
Evening  Star,  is  the  plaact  Venns,  when  she  is  eastward  of  are  isochronal ;  which  is  the  foundatiun  of  spring  watchea. 
the  sun,  and  consequently  sets  after  him,  and  shines  aa  an  ViBaaxiOHfi  are  also  used  in  Physics,  &c,  and  forae«» 
evening  star.  ral  other  regular  alccroate  motions.     Sensation,  for  in- 
■     VESPERTINE,  in  Astronomy,  is  when  a  planet  is  de-  stance,  is  supposed  to  be  peitformed  by  means  of  tlie  vi- 
scending  to  the  west  after  sun-set,  or  shines  as  an  evening  bratory  motion  of  the  cnntetAa  of  the  nerves,  begun  by 
star.  external  objects,  and  propagated  to  the  brain.    This  A»Q' 
VESTA,  one  of  the  small  planetary  bodies  revolving  trine  has  been  particularly  illustrated  by  Dr.  Hartley,  who 
between  the  planets  Mars  and  Jupiter.     It  was  discovered  has  extended  it  farther  thanany  other  writer,  in  establish - 
by  M.  Olbcrs  the  29th  of  March,  1 807,  and  is  the  nearest  ing  a  new  theory  of  our  mental  operations.     The  sama 
to  Mats  of  the  4  small  planets.     See  my  Recreations,  ingeaioas  author  also  applies  the  doctrine  of  vibrations  to 
vol.  3,  pa.  144.  the  explanation  of  muscular  motion,  which  he  thinks  is 
VESTIBULE,  in  Architecture,  a  kind  of  entrance  into  performed  in  the  same  general  mannar  as  srasation  and  the 
a  large  building ;  being  an  open  place  before  the  hall,  or  perception  of  ideas.  See  his  Observations  on  Man,  vol.  1. 
at  Ibe  bottom  of  the  staircase.  The  several  kinds  and  rays  of  light,  Mewton  conceives 
VIA  Lactea,  in  Astronomy, the  milky  way,  or  Galaxy,  to  make  vibrations  of  divers  magnitudes ;  which,  accord- 
See  Galaxt.  ing  to  those  magnitudes,  excite  sensations  of  several  co- 
ViA  SoLis,  or  Sifn's  Way,  is  used  among  astronomers,  lours ;  much  after  the  same  manner  as  vibrations  of  air, 
for  the  ecliptic  line,  or  path  in  which  the  sun  seems  always  according  to  their  several  magnitudes,  excite  sensations  of 
to  move.  several  sounds.     See  the  article  Colour.. 

VIBRATION,  in  Mechanics,  a  regular  recipiocal  mo-  Heat,  according  to  the  same  author,  is  only  an  accident 

lion  of  a  body,  as,  for  example,  a  pendulum,  which  being  of  light,  occasioned  by  the  rays  putting  a  fine,  subtile, 

freely  suspended,  vibrates  or  swings  from  side  to  side  of  ethereal  medium,  which  pervades  all  bodies,  into  a  vibra^ 

the  vertical  line.     Mechanical  auibon,  itutead  of  vibra-  tory  motion,  which  gives  ns  that  sensation.     Sec  Heat. 

tion,  often  use  the  term  oscillation,  especially  when  speak-  From  the  vibrations  or  pulses  of  the  same  mediuni,  he 

ing  of  a  body  that  thus  swinp  by  means  of  its  own  gra-  accounts  for  thu  alternate  fits  of  easy  reflection  and  ready 

vity  or  weight.  transmission  of  the  rays. — In  the  Philosophical  Transac- 

Tbe  vibrations  of  the  same  pendulam  are  dll  isochro*  lions  it  is  observed,  that  the  butterSy,  into  which  the  lilfe- 

nal ;  that  is,  they  are  performed  in  an  equal  lime,  at  least  worm  is  transformed,  maltei  1 30  vibrations  or  motions  of 

in  the  same  latitude ;  for  in  lower  latitudes  they  are  found  its  Wings,  in  one  coition. 

to  be  slower  than  in  higher  ones.     See  Pbhdulum,     In  VlblTA  (Fhahcis),  a  very  celebrated  French  mathf 

our  latitude,  a  pendulum   S9|  inches  long,  Vibiate*  se-  matician,  was  born  in  1S4€  at  Fonlmai,  or  Fontenai-le- 

conds,  making  b'O  vibrations  in  a  minute.  ComlA,  in  Lower  Poitou,  a  province  of  France.     He  was 

The  vibration!  of  a  longer  pendulum  t^ke  up  a  longer  master  of  requests  at  Paris,  where  be  died  in  16OS,  Iwing 

time  than  those  of  a  shorter  one,  and  that  in  the  subdu-  the'63d  year  of  his  age.     Amoi^  other  branches  of  Inrn- 

plicateratioof  the  lengths,  or  Hie  ratio  of  the  square  roots  ing  in  which  he  excelled,  he  was  one  of  the  most  respecia- 

of  the  lengths.     Thus,  if  one  pendulum  be  40  inches  in  ble  mathematicians  of  the  l6th  century,  or  indeed  of  any 

lengdi,  and  another  only  10  inches,  the  iavmer  will  be  age.     His  writings  abound  with  marksof  great  originality, 

double  the  time  of  the  latter  in  making  a  vibration  ;  Ibr  and  the  finest  genius,  as  well  as  intense  application.     In- 

i/Vi  :  v^lO  : :  v^4  :  ^1,  that  is  as  S  to  I.     And  because  deed  such  was  the  vigour  of  his  perseverance,  that  he  has 

the.jiumber  of  vibrations,  made  in  any  given  lime,  is  reci-  sometimes  remained  in  his  study  for  three'  days  together, 

procally  as  the  duration  of  one  "vibration,  therefore  the  without  eatii^  or  sleeping.     His  inventions  and  improve- 

numbcr  of  such  vibrations  is  in  the  reciprocal  subdupli-  ments  in  nil  parts  of  tbe  mathematics  wore  very  consi- 

cate  Tdtio  ofthe  lengths  of  the  pendulums.  demble.     HewasinamannartheinveBtor  and  introducer 

H.  Mooton,  a  priest  of  Lyons,  wrotea  treatiie,  expressly  of  specious  algebra,  in  which  letters  are  used  instead  of 

to  show,  that  by  means  of  the  number  of  vibrations  of  a  numbers,  as  well  as  of  many  beautiful  theorems  in  tiiat 

given  peodiilum,  in  a  certain  tine,  may  be  aslablisfaed  an  science     full  explanation  of  which  may  be  fouird  nnda 
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theftrticla  Alsebsa,  nnd  itiil  more  in  nj  Tncd,  *ol.S>  VINCULUM,  in  Algebn,  amaik  or  character,  ei lb «r 

He  made  aUo  coniiderabla  improvemeatainguooietry  and  drawn  over,  oriucluding,  or  vom*  other  way  accorapany- 
trigonometrj.  His  angnlar'sectioiu  are  a  very  ingenioUB  ing,  a  factor,  dnisor,  dividend, &c,  wben  it ja compounded 
and  niaKerly  performance :  by  tticM  be  was  enabled  to  re-  of  several  letters,  <|uuitities,  or  terms,  to  cotuiect  them 
solve  the  problem  of  Adrian  Roman,  proposed  lo  all  ma- 
thematicians, amounting  te  an  equation  of  the  45th  degree. 
Romanus  was  so  struck  with  his  sagacity,  that  he  imme- 
diately quitted  his  residence  of  Wirtabourg  in  Franconia, 
and  came  to  frnnce  to  visit  him,  and  solicit  his  friend- 
'■hip.  His  Apollonius  Gallus,  being  a  restoration  of  Apol- 
lonitn's  tract  an  Tangenciea,  and  many  other  geomeuical 
pieces  to  be  found  in  his  *rorlu,  give  proofs,  of  the  finest 
taste  and  genius  for  troe  geometrical  specuhilions. — He 
gave  (ome  masteHy  tracts  on  trigonometry,  both  plane  and 
■pherical,  which'  may  be  fovnd  in  the  collection  of  his 
works,  published  at  Lcyden  in  1646,  by  Schooten,  besides 
another  la^  and  separate  volume  in  folie,  published  in 
the  author's  hh-time  at  Paris  in  IA79,  containing  exten- 
aive  trigonometrical  tables,  with  the  construction  and  use 
efthe  Mmc.  which  arc  pwtientnrly  described  in  the  intro- 
duction to  my  Logarithms,  pa.  4  tec.  To  this  complete 
treatise  on  irigonometiy,  plnne  and  spherical,  are  subjoin- 
ed aeveral  miscellaneont  problems  and  observations,  such 
as,  the  quadrature  of  the  circle,  the  duplication  of  the 
eube,'&c.  CompuMtions  are  here  given  of  the  ratio  of 
the  diameter  of  a  circle  to  the  circumference,  and  of  the 
length  of  the  sine  of  1  minute,  both  to  a  great  many 
places  of  figures;  by  which  he  found  that  the  sine  of  I 
minute  i>  between  2908881959 
and  39O89»i066 ; 
■bo  the  diameter  of  a  circle  being  1000  d(c,  that  the  peri- 
meter of  the  imcribad  and  circnmicribed  [ulygon  of 
393316  sides,  will  be  u  follows,  vie,  the 

perimeter  of  the  inscribed  poTygon        3141J92£535 
perim.  of  the  circumuribed  polygon    SI4I5926537 
and  that  therefore  the  circumference  of  the  circle  lies  be- 
tween these  two  nnmbera. 

Vieta  having  observed  that  there  were  many  faults 
the  Gregorian  Calsndar,  at  it  then  existed,  be  c 
new  form  of  it,  to  which  he  added  perpetual  c 
an  eaplication  of  it,  with  remarks  and  objectioat  against 
Claviun,  whom  he  accused  of  having  deformed  the  true 
Leiian  reformation,  by  not  rightly  nndenunding  it. 

Besides  those,  it  seems  a  work  greatly  esteemed,  and  the 
loss  of  which  cannot  be  sofiiciently  deplored,  was  his  liar- 
Monicon  Ctstesie,  which,  being  communicated  to  father 
Mersennr,  was,  by  soi^e  perfidious  acquaintance  of  that'*  "^  y^'  J"  ^""^ 
boaest-minded' person,  surreptitiouslv  taken   from  him,     *■«»,  so  they  ali 

and  irracovenbly  lost,  or  suMrassed,  to  the  great  detri-  ll««e"ne  of  the  19  «ignsof  the  zodiac  Hence  Virgo  from 
n,ent  of  the  literary  world.  There  were  also,  it  is  said,  the  ear  of  corn  in  h«r  hand,  natorslly  fell  to  the  lot  of 
other  works  of  an  ssironomical  kind,  that  have  been  bu-  ^efes,  and  we  accordingly  find  it  called  Signum  Ccrena. 
ned  in  the  ruins  of  tine  T*"*  *^"  '"  '••*  constellation  Virgo,  in  Ptolemy  a  ca- 

Vieta  was  also  a  profonnd  decipherer,  an  accomplish-     "'"S™-  *"  32 ;  in  Tycho's  33 ;  in  Hevelius's  50 ;  and 
meat  that  proved  very  useful  tn  hi*  countiy.     As  the  dif-     '"  "^  Britannic  1  la 

ferenlpartsofthcSpaniBk  monarchy  toy  very  distant  from         VIRTUAL  iiieu,  in  Optics,  is  a  point  in  the  axis  of  a 
«nfl  another,  when  they  bad  oecasioa  to  commnnicate     glass,  where  the  continuatioD  of  a  refracted  ray  meets  iL 
any  secret  designs,  they  wrote  then  in  ciphers  and  un-     Thuo,  let  d  be  the  centre,      )L^^\ 
known  characrters,  during  the  disorders  of  the  league  :  tba     and  sbk  the  axis  of  the      ^^^^^ 
cipher  was  composed  of  more  than  500  different  charac-     glass  as;   upon  which 
ters,  whichyieldedlheirhiddcncomenU  tn  tbepenetraring     falls  the  ray  ra.     Now 

MMUB  of  Vieta  alone.     His  skill  to  diseoneerled  the     this  ray  will  not  proceed      (f  f ^ 

S^MUiisk  councils  fur  two  yean,  that  Aey  published  it  at  atraight  forward,  as  au,  a^r  pasting  the  glw,  but  will 
Ronie,  and  other  parts  of  Earope,  tb«  the  Franch  king  take  tibe  course  as  ax,  being  defiecied  from  the  perpcadi- 
kadonlydiicovcnd  tbeircipbwl^naut  of  magic.  culw  a».    If  tbm  the  rt-fractcd  lay  Kabeproduoed,by 


together  at  one  quantity,  and  show  that  they  i 
multiplied,  or  divided,  Sec,  together. 

Vieta,  1  think,  first  used  the  bar  or  line  over  the  qunn- 
titles,  fora  vincnlum,  thus  a  -t-  b;  and  Albert  Girard  the 
parenthesis  thus  (a  -»-  A)  ;  the  former  way  being  now 
chiefiy  used  by  the  English,  and  the  latter  by  most  other 
Europeans.  Thus  a  -1-  5  x  c,  or  (a  -I-  i)  x  c,  denotes 
the  product  of  c  and  the  sum  a  •*•  b  considered  as  one 
quantity.  Also  ,/a  ■*■  b,  or  «/(a  -f-  b),  denotes  the 
square  root  of  the  sum  a  •*■  b.  Somctinics  the  mark  :  ii 
set  before  a  compound  factor,  as  a  vinculum,  especially 
when  it  is  very  long,  or  an  infiniie  scries;  thus  3a  x  :  1  — 
2»  +  3i'  -  4r^  +  5i'  ic. 

VINDEMIATRIX,  orViKnEUiATOK,Bfixedatarof 
the  third  magnitude,  in  the  northern  wing  of  the  constel- 
lation Virgo. 

VIRGO,  in  Astronomy,  one  of  the  signs  or  constella- 
tiona  of  the  zodiac,  which  the  sun  cnten  about  the  21st 
or  23d  of  August ;  being  one  of  the  48  old  constellations, 
and  is  mentiuned  by  the  astronomers  of  all  ages  and  na- 
tions, whose  works  havu  reached  us.  Anciently  the 
figure  was  that  of  a  girl,  almost  naked,  with  an  ear  of 
corn  in  her  hand,  evidently  to  denote  the  time  of  harvest 
among  the  penple  who  invented  this  sign,  whoever  they 
were.  But  the  .Creeks  much  altered  the  figure,  with 
clothes,  wings,  &c,  and  variously  explained  the  origin  of 
it  by  their  own  fables:  thus,  they  ttll  us  that  the  virgin, 
now  exalted  into  the  skies,  was,  while  on  earth,  that  Jus- 
titia,  the  daughter  of  Astrxus  and  Ancoia,.  who  lived  in 
the  golden  age,  and  taught  mankind  their  duty ;  but  who, 
when  their  crimes  increased,  was  obliged  to  leave  the 
earth,  and  lake  her  place  in  the  heavens.  Again,  Hesiod 
gives  the  celestial  maid  another  origin,  and  says  she  was 
nosed  a  ^^^  daughter  of  Jupiter  and  Themis.  There  are  also 
ms  and  others  who  depart  from  both  these  accounts,  and  make 
htr  to  have  betn  Erigone,  the  dangbter  of  Icarius;  while 
others  moke  her  Farthcne,  the  daughter  of  Apollo,  who 
placed  her  there ;  and  others,  from  the  ear  of  corn,  make 
it  a  representation  of  Ceres  ;  and  othera,  from  the  obscu- 
rity of  her  bead,  of  Fortune, 

The  ancients,  as  they  gave  each  of  the  12  montha  of 

nre  of  some  one  of  the  12  principal  dvi- 

the  protection  of  each  of 
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AE,  to  the  axU  at  e,  rhis  point  t  Mr.  Molineux  calls  «o  that  the  vis  iDutrix  ii  to  the  vis  acceleratrix,  as  the  mo- 

the  Virtual  focus,  or  point  of  divergence.  t  ion  is  to  the  celerity:  and  as  the  quantity  of  motion  in  a 

Virtual  Velocity,  of  a  point  urged  hj  any  force, 'de-  body  is  estimated  by  the  product' of  the  velocity  ii 
note*  the  dement  of  the  space  which  it  would  describe  ■ 
the  direciioD  of  the  power,  when  the<  system  is  suppoS' 
to  have  suBered  an  indefinitely  small  derangement. 


11)6  principle  of  virtual  velocities,  in  mechanics,  is 
much  used  Ly  the  foreign  matbematicians,  and  is  thus 
enunciated  :  If  any  system  whatever,  of  bodtas  or  points, 
be  urged  on  powers  in  equilibrio,  and  there  be  given  to 
this  system  nny  small  moliun,  by  virtue  of  which  every 
point  describes  an  indefinitely  small  space  ;  tlien  the  siim 
of  the  products  of  each  power  muliiplitd  by  the  space, 
which  the  point  where  it  is  applied  would  describe,  ac- 
cording to  the  direction  of  t)if  same  power,  will  be  al- 
ways equal  to  zero  or  nothing  ;  regarding  as  positive  the 
small  spaces  described  in  the  direction  of  the  powers;  and 
as  negative,  those  described  in  the  opposite  sense. — This 
principle  is  due  to  Galileo.  For  its  history  and  .demon- 
stration, Idgrange,  Mecanique,  pa.  8-  See  also  Fuur- 
nier's  demonstration  in  5*  Cabeir  du  Jouriid  do  I'Ecole 
Folytecbnique. 

VIS,  a  LattB  word,  signifying  force  or  power  ;  adopted 
by  writen  on  physics,  to  cxpresc  divers  kinds  of  naturil     light  ali 
powers  or  faculties.  to  Ner 

The  term  vis  is  either  active  or  passive :  the  vis 
is  the  power  of  producing  motion  ;  the  vis  passiva  i 
of  receiving  or  losing  it.     The  vis  activa  is  again 


quantity  of  matter,  so  the  vis  tnoirix  arises  from  the  v 
acceleratrix  multiplied  by  the  quantity  of  matter.  The 
followers  of  Leibnitz  use  the  term  vi^  motrix  for  the  force 
of  a  body  in  motion,  in  the  same  sense  as  the  Newto- 
nians use  the  term  vis  inertix;  this  latter  they  allow  to 
be  inherent  in  a  body  at  re^tj  but  the  forpicr,  or  vis  mo- 
trix,  a  furcc  inherent  in  the  seme  body  only  while  in  mo- 
tion, which  actually  carries  it  from  place  to  place,  by 
acting  upon  it  always  with  the  same  intensity  in  every 
physical  pari  of  rhe  line  which  it  describes. 

Via  Moriuo,  aad  Vif,  Vivu,  in  Mechanics,  %ie  termi 
used  by  Leibnitz  and  his  followers  for  force,  which  they 
distinguish  into  two  kinds,  vis  mortua,  and  vis  viva;  un- 
derstanding by  the  former  any  kind  of  pressure,  or  an  en- 
deavour to  move,  not  sufficient  to  produce  actual  motion, 
unless  its  Bciion  on  a  body  be  continued  for  some  lime ; 
atid  by  the  latter,  that  force  or  power  of  acting  which  r^ 
tides  in  a  body  in  motion. 

VISIBLE,  something  that  is  an  object  of  vision  or  sight, 

the  property  of  a  thing  seen. — The  Cartesians  say  that 

is  the  proper  object  of  vision.     But  according 

,  colour  alone  is  the  proper  object  of  sight; 

ilour  being  that  properly  of  light  by  which  the  light  it- 

that     self  is  visible,  and   by  wbic^  the  images  of  opake  bodies 

bdi-     are  painted  on  the  retina. 

the  Situation  and  Place  of  Viiibte  ObftetM : — Fhi- 


Yided  into  vis  viva  and  vis  mottua. 

Vis  Abtoluia,  or  Abtohtte  Fme,  is  that  kind  of  centri-  losophers  in  general  had  formerly  taken  for  granted,  that 

petal  force  which  is  measured  by  the  motion  that  would  the  place  to  which  the  eye  refers  any  visible  object,  seen 

be  generated  by  it  in  a  given  body,  at  a  given  distance,  by  reflection  or  refraction,  is  that  in  which  the  visual  ray 

■nd  depends  on  the  efficacy  of  the  cause  producing  it.  meets  a  perpendicular  from  the  object  upon  the  refleciii^ 

Vjb  Acceleratrix,  oT  Accelerating  Force,  is  that  centri-  or  the  refracting  plane.     That  this  is  the  rasewith  respect 

petal  force  which  produces  an  accelerated  motion,  and  is  to  plane  mirrors  is  universally  acknowledged  ;  and  some 

proportional  to  (he  velocity  which  it  generates  in  a  given  experiments  with  mirrors  of  other  forms  seem  to  favour 

time ;  or  it  is  as  the  motive  or  absolute  force  directly,  and  the  same  conclusion,  and  thus  afford  reason  fur  extending 

as  the  quantity  of  matter  moved  inversely.  the  analogy  to  all  cases  of  vision.     If  a  right  line  be  held 

ViB  ImpreMia  is  defined  by  Newton  to  be  the  action  ex-  perpendicularly  over  a  convex  or  concave  mirror,  its 

ercised  on  any  body  to  change  in  state,  either  of  rest  or  image  seems  to  make  one  line  with  it.     The  same  is  the 

uniform  piotion  in  a  right  line. — This  force  consists  alto-  case  with  a  perpendicular  right  line  held  within  water; 

gether  in  the  action;   and  has  no  place  in  the   body  alter  fur  the  part  which  is  within  tiie  water  appears  to  be  a  con- 

the  action  is  ceased:  for  the  body  perseveres  in  every  tinuation  of  that  which  is  without.     But  Dr.  Barrow 

new  state  by  the  vis  inertite  alone.     This  visimpresaa  may  called  in  question  this  method  of  judging  of  the  place  of 

arise  from  various  causes;  as  from  percussion,  pretslon,  an  object,  and  so  opened  a  new  field  of  inquiry  and  de- 
and  centripetal  force.                                                            ,  bate  in  this  branch  of  science.     This,  with  other  optical 

ViH  Inertia.     See  Inertia.                                            .  •investigations,  he  published  in  hisOpiical  Lectures,  first 

5  great  author  elsewhere  ob-  printed  in  1674.     According  to  him,  we  refer  every  point 


serves,  is  a  passive  principle,  by  which  bodies  persist  in 
their  motion  or  rest,  and  receive  mntion,  in  proportion  to 
the  force  impressing  it,  and  resist  as  much  as  they  are  re- 
sisted.    See  Resistance. 

Vis  Ituita,  or  Innate  Fbrce  of  matter,  is  a  power  of  re- 
sisting, by  which  every  body,  as  much  as  in  it  lies,  endea- 
vours to  persevere  in  its  present  state,  whether  of  rest  or 
of  motion'uniformly  forward  in  a  right  line.  This  force 
is  always  proportional  to  the  quantity  of  matter  in  the 
body,  and  differs  in  nothing  from  the  vis  ineitia;,  but  in 
our  manner  of  conceiving  it. 

Vts  Ceatripeta.     See  Csnthifetai.  Force. 


object  to  the  place  from  which  the  pencils  of  1  _ 
issue,  or  from  which  they  would  have  issued,  if  no  re- 
flecting or  refracting  substance  intervened.  Pursuing 
this  principle,  Dr.  Barrow  proceeded  to  invesligate  the 
place  in  which  the  rays  issuing  from  each  of  the  points 
of  BD  object,  and  that  reach  the  eye  after  one  refit  ction 
or  refraction,  meet;  and  he  found  that  when  the  refract- 
ing surface  was  plane,  and  the  refraction  was  made  from 
a  denser  medium  into  a  rarer,  those  rays  would  always 
meet  in  a  place  between  the  eye  and  a  perpendicular  to 
the  point  of  incidence.  If  a  convex  mirror  be  used,  the 
,  case  will  be  the  same;  but  if  the  mirror  be  plane,  the 

Vis  Matrix,  or  Mooing  Force  oi  a  centripetal  body,  is  rays  will  meet  in  the  perpendicular,  and  beyond  it  if  it  be 
the  tendency  of  the  whole  body  towards  the  centre,  re-  concave.  The  same  author  also  determined,  according 
tulting  from  the  tendency  of  all  the  parts,  and  is  propor-  to  these  principles,  what  form  the  image  of  a  right  line 
tional  to  the  motion  which  it  generates  in  a  given  lime  ;     will  lake  when  it  it  presented  in  different  maaaen  to  a 
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-  when  it  is  seen  through  a  refracting     the  dJitance  between  two  vitible  objects  be  an  angle  that 
is  insensible,  tbe  distant  bodies  will  appear  as  if  cudEi- 
objection  against  the     guous  :  whence,  a  conticiuous  body  being  llie  result  nf  ie- 
veral-euDtiguuus  ones,  if  ihe  liisCancen  between  si-titoI. 
visiblcs  subtend  insensible  nngleii,  they   ivtll  appeur  one 
continuous  body ;  which  gives  a  pretty  illustration  uf  tbe. 
niilion  of  a  continuum. — Hence  also  parallel  liurs,  and 
lung  vistas,  consisting  nf  parallel  rows  of  tiees,  seem  to 
converge  more  and  more  the  farther  ibcy  are  cxtendt-d 
from  the  eye;  and  the  roofs  and  floors  of  long  extended 
ye  is     a!|pys  seem,  the  former  to  descend,  and  the  latter  to 
and     ascend,  and  approach  each  other;  because  the  apparent 
It  in     magnitudes  of  their  perpendicular  intervals  arc  perpr- 
that     tually  diiuinishing,  while  at  the  same  tiroe  we  mistake 
ue  is     thuir  distance. 
o  far  from  being  nearer  than  the  object,  that  it  is  beyond         As  to  the  different  Diitancei  of  Fiiibie  Objfctt —The  mind 
tt ;  notwithstanding  which,  tbe  object  is  conceived  to  be     perceives  tbe  distance  of  visible  objects,  1st,  Fri>m  thi'dif- 
mucb  closer  than  it  is,  though  no  very  distinct  idea  can     fereat  configurations  of  the  eye,  and  the  manner  ii; 


Bphci^cal  mirror,  c 
medium. 

Dr.'Batrow  hov 
maxim  above-mentioned,  concerning  the  suppnsed  plac 
of  visible  objects,  and  candidly  owns  that  he  was  not  able 
to  give  a  satisfactory  solution  of  it.  The  objection  is  this: 
Let  an  object  be  placed  beyond  the  focus  of  a  convcc 
Jens,, and  if  the  eye  be  close  to  the  lens,  it  will  appear 
confused,  but  very  near  to  its  true  place.  If  the  eye  be 
a  little  withdrawn,  the  confusion  will  increase,  and  tbe 
object  will  seem  to  come  nearer;  and  when  the  eye  is 
very  near  the  focus,  the  confusion  will  be  very  great,  and 
the  object  will  appear  to  be  close  to  the  eye.  " 
this  experiment  the  eye  receives  no  rays  but  ibi 
are  converging ;  and  the  point  from  which  they 


be  formed  of  it^  precise  distanc 

The  first  person  who  took  much  notice  of  Dr.  Barrow's 
hypothesis,  and  the  difhcully  attending  it,  was  Dr.  Berke- 
ley, who  (in  bis  F.saay  on  a  New  Theory  of  Vision,  pa. 
SO)  observes,  that  the  circle  formed  on  the  retina,  by  the 
rays  which  do  not  come  to  a  focui,  produce  the  Mtrae 
confusion  in  tbe  eye,  whether  they  cross  one  another  be- 


the  rays  strike  the  eye,  and  in  which  the  image  is  im- 
pressed upon  it.  For  the  eye  disposes  itsilf  differently, 
according  to  the  different  diiitances  it  is  to  see;  viz,  for 
remote  objects  the  pupil  is  dilated,  and  the  crystalline 
brought  nearer  the  retina,  and  tbe  whole  eye  is  made 
more  globous ;  on  the  contrary,  for  near  objects,  the 
pupil  is  contracted,  the  crystalline  thrust  forwards,  and 


fore  they  reach  the  retina,  or  lend  to  it  aflemards ;  and  the  eye  lengthened,  Tbe  mode  of  performing  this,  hov 
therefore  that  the  judgment  concerning  distance  will  be  ever,  has  greatly  divided  the  opinions  of  philosophers, 
the  same  in  both  cases,  without  any  regard  to  the  place  See  Priestley's  Hist,  of  Light  &c,  pa,  63S-— 653,  where 
from  which  the  rays  originally  issued;  so  that  in  this  the  several  opinions  of  Descartes,  Kepler,  Ijihire,  Lcroi, 
case,  by  receding  from  the  lens,  as  the  confusion  in-  Porterfield,  Jurin,  Musscbenbroek,  &c,  are  stated  and  ex- 
creases,  which  always  accompanies  the  nearness  of  an  amined. 

object,  the  mind  will  judge  that  the  object  comes  nearer.         Again,  the  distance  of  visible  objects  is  judged  of  by 

See  Appaient  Distance.  the  angle  the  object  makes;  from  the  distinct  or  confused 

M.  Bouguer  (in  his  TraJt^  d'Optique,  pa.  104)  adopts  representation  of  the  objects;  and  from  the  briskneas  or 

Barrow's  general  maxim,  in  supposing  that  we  refer  ob-  feebleness,  or  the  rarity  or  density  of  the  rays, 
jccts  to  the  place  from  which  the  pencils  of  rays  seemingly         To  this  it  is  owing,  Isr,  That  objects  which  appear  ob- 

converge  at  their  entrance  into  the  pupil.     But  when  scure  or  confused,  are  judged  to  be  more  remote;  aprin- 

rays  issue  from  below  the  surface  of  a  vessel  of  water,  or  ciple  which  the  painters  make  use  of  to  cause  some  of  their 

any  other  refracting  medium,  he  tinds  that  there  arc  al-  figures  to  appear  farther  distant  than  others  on  the  same 

ways  two  different  places  of  this  seeming  convergence  :  plane,     2d,  Hence  also,  rooms  whose  walls  are  whitened, 

one  of  them  of  the  rays  th:it  issue  from  it  in  the  same  appear  the  smaller ;  that  fields  covered  with  snow,  or  white 

vertical  circle,  and  therefore  fall  with  difTerent  degrees  flowen,  seem  less  than  when  clothed  with  grassy  that 

of  obliquity  on  the  surface  of  the  refracting  medium  ;  and  mountains  covered  with  snow,  in  the  night  time,  appear 

another,  of  those  that  bill  upun^hc  surface  with  the  same*  the  nearer,  and  that  opaque  bodies  Bp|>car  the  more  Teraot» 

degree  of  obliquity,  entering  the  eye  laterally  with  respect  in  tbe  twilight. 

to  one  another.  He  says,  sometimes  one  of  these  images  nc  Magnitude  qfVUibte  Ofjjecn. — The  quantity  or  mag- 
is  attended  to  by  the  mind,  and  sometimes  the  other;  and  nitudcof  visible  objects,  is  kiwwn  chiefly  by  the  angle 
different  images  may  be  observed  by  different  peisons.  contained  between  iwo  rays  drawn  from  the  two  extremes 
And  he  adds,  that  an'object  plunged  in  water  affords  an  of  the  object  to  the  centre  of  tbe  eye.     An  object  appears 


example  of  this  duplicity  of  images. 

G.  W.  KrafTt  has  ably  supported  Barrow's  opinion,  that 
the  place  of  any  point  seen  by  reflection  from  the  surface 
of  any  medium,  is  that  in  which  rays  issuing  from  it,  in- 
finitely near  to  one  another,  would  meet ;  and  considering 
the  case  of  a  distant  object  viewed  in  a  concave  mirror, 
by  an  eye  very  mar  it,  when  tbe  image,  according  to 
Euclid  and  other  writers,  would  be  between  the  eye  and 
the  object,  and  Burrow's  rule  cannot  be  applied,  he  says 
that  in  this  case  tbe  speculum  may  be  considered  as  a 
plane,  the  e&ct  being  the  same,  only  that  the  image  is 
more  obscure.  Com.  Petrepol.  vol.  13,  pa.  353,  356. 
See  Priestley's  Hist,  of  U^t  &c,  pa.  89,  ""  " 


subtends  ;  or  bodies  seen  under 
appear  greater;  and  those  under  a  less 
me  object  appears  greater 
r  farther  off.     And  this  is 


so  large  as  is  ihi 

'    ».- 

Hence  the  s 
or  less  as  it  is  nearer  the  eye  c 
called  the  apparent  magnitude. 

But  to  judge  of  the  re.il  magnitude  of  an  object,  we 
must  consider  the  distance;  for  since  a  near  and  a  remote 
object  may  appear  under  equal  angles,  thougfa  the  raagni- 
ludes  be  diffarent,  the  distance  must  necessarily  be  eiiti- 
mated,  because  the  magnitude  is  great  or  small  according 
as  the  distance  is  great  or  small.  So  that  the  real  mag- 
nitude is  in  the  compound  ratio  nf  tbe  distance  and  the 
ipparent  ni iigni tilde  ;  at  least  when  the  subtended  angle. 


From  the  principle  above  illustrated,  several  reiiiarkable     or  apparent  niagnitude,  is  very  small ;  otherwise,  the 
phenomena  of  vision  may  be  accounted  for :  as— That  if     magnitude  will  Ih-  in  a  ratio  compounded  of  the  distanc* 
Vol.  II.  +0 
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mmI  tbeMMoftiieapti&rentiiiftgiiituie,  neaH;,  WMiirer  VarioBs  other  opftirom  honrenr  Iian  been  ht\i  cn- 

■lill  it>  UDgent.  cerniiig  the  means  of  vision  among  philoeophtri. 

Uencc,  obfectt  teen  under  the  tame  angle,   faave  their  The  Platuniits  and  Stoits  held  vision  lu  be  elfected  by 

nagnitudHin  the  same  ratioMtbeirdntancei.    The  chord  the  emission  of  rays  out  uf  the  eyes;  tbncnving  that  there 

of  Wi  arc  of  a  circle  appears  of  equal  maf^niiuiterruin  every  was  akhid  oflight  tliUi  darted  out;  which,  with  theligbt 

point  in  tfce  cireuralerencv,  though  one  point  be  »«slly  of  the  external  air,  taking  hold  as  it  were  of  the  objects. 


;r  than  nnother.  Or  if  ihe  eye  be  fixed  in  any  point 
in  the  circamfereiice,  and  a  right  line  be  m«ved  round  so 
tts  iiseMrcntes  be  always  in  the  periphery,  it  will  appear 
of  the  tame  mugiiitnde  in  every  pusitronr  And  the  reason 
w,  because  the  angle  it  »ubwn,lii  is  al^rayt  ol  iht-  sanre 
mat^nitnde.  And  hence  aho,  the  eye  beingj^laced  in  any 
angle  of  a  regular  polygon,  (he  eidei  of  it  wilt  all  appi-ar 
of  equal  magnitude ;  being  all  etjual  ckordt  of  a  eircl*  dc* 
scribed  about  it. 

If  the  tnaeniiu^  of  anwbject  directly  opposite  to  the 
eye  be  e^uaf  to  its  diBtance  from  the  cyf,  the  whole  ob- 
ject will  be  dittinctly  teen,  or  mken  in  by  the  eye.  but 
nothing  more.  And  (he  nearer  yoa  appmach  an  utjict, 
the  h'sa  part  ynu  scv  of  it.^The  least  arii^tc  un<i(-r  which 
an  ordinary  object  become*  visible,  is  about  one  minate 
of  H  degree. 

(y  the  Figure  <(f  ViaiHe   Oftfecrt.— Tliis  is  esli«i(ed 
chiefly  from  our  opinion  of  the 
parts  of  the  obji  ""' 


rendered  them  visible  ;  and  thus  returning  hack  again 
the  eye,  altered  and  new  modified  by  ^e  contact  of  the 
obji-ct,  made  an  impivsyion  on  tbe  pupil,  whitb  gave  the 
sensottuM  of  the  object. 

OuTillastTiuuscountryman,  Roger  Bacon,  alsoassenti 
to  the  opinion  that  visual  ray>  proceed  from  the  ^c ; 
giving  this  reason  for  it,  that  every  thing  in  nature  is  qua- 
lified to  discharge  its  proper  fun ct tons  by  hs  own  powers, 
in  the  Dame  tnanner  as  the  sun,  and  other  celestial  hbdie». 
Opns  Majus,  pa.  389- 

Thi-  Kpicureans  held,  that  vision  is  performed'  by  the 
emanation  of  corporeal  species  or  images  from  objects;  tit 
a  kind  uf  atoniicai  effluvia  Continually  flying  offfrotn  tfat 
intimate  partt  of  objects.  To  the  eye.    . 

The  Peripatetics  hold,  with  Epicnrus,  that  vision  is  pro- 
duced by  the  recepitioQ  of  species;  but  they  di%r  from 
him  in  the  circumstances ;  for  they  will  have  the  species 
of  th^  Keveral      (which  they  call   inlentionBles)  to  be  incorporeal.     )t  iS 
of  the  situation,  &«,     true,  Aristotle's  doctrine  of  vision,  delivered  in  his  chapie 


lunts  to  no  more  than  this,  tbHt  objeCll 
cimediuie  body,  that  by  this  they  maj 
e  the  organ  of  sight.  To  which  he  adds,  in  another 
place,  that  when  we  perceive  bodies,  tt  is  their  species, 
not  iheir  matler,  that  we  receive ;  M  a  sea)  makes  an  im- 
pression on  wax,  without  the  ivax  rccaving  any  thing  of 
the  seal. 

But  this  vague  and  obscure  account  the  Peripeleiin 
have  ihdughi  proper  to  improve.  Accordingly,  what  their 
master  culls  spechs,  the  disciples,  i     '  " 


enables  the  mind  to  appn-hend  an  external  objit 
this  oi  that  figore,  more  justly  than  any  similitude  of  the 
images  in  the  retina  with  the   object  can  ;   the  imnpes 
being  often  elliptical,  oblong,  &c,  when  the  objects  tliey 
exhibit  to  rhe  mind,  are  circles,  or  squurcs,  &c. 

The  laws  of  vision,  with  regard  to  the  figures  of  visibli 
objects  are,  1.  That  if  the  centre  nf  the  eye  be  exactly  ii 
the  direction  of  a  right  line,  the  line  will  appear  only  a 
a  point,  if.   If  the  eye  be  placed  in  the  direction  of  a  sor 

face,  it  will  appear  only  us  a  line.  S.  If  a  body  be  op-  master  culls  specns,  the  disciples,  undentandrng  of  real 
posed  directly  towards  the  eye,  «>  as  only  one  plane  of  proper  species,  assert,  (hut  every  visible  object  esprestel 
the  surface  can  radiatr  on  it,  [he  body  wilt  appear  as  a  a  perft-ct  image  of  itself  in  the  air  contiguous  to  it ;  and 
lorfaCe.  4.  A  remote  arch,  viewi-d  by  an  eye  in  the  same  this  image  another,  somewhat  less,  in  the  next  {ur;  and  the 
plane  with  it,  will  appear  as  a  right  line.  5.  A  sphere,  thiid  another;  and  so  on  till  the  last  image  arrives  at  the 
viewed  at  a  distance,  appears  a  circle,  6.  Angular  figures,  crysralliue,  which  ihcv  are  oF  opinion  it  the  chief  organ  of 
at  ■  distance,  appear  round.  7-  If  the  eye  look  obliquely  sight,  or  that  which  immediately  moves  the  soul.  These 
on  the  centre  of  a  regular  figure,  or  a  circle,  the  true  figure  images  they  call  intentional  species, 
will  not  be  seen;  but  the  circle  will  appear  oval,  &c.  The  modern  philosophers  however,  as  theCarteslans  end 

Visible  Horhon,  Place,  Arc.  See  the  substantives.  Ncwtoniaus,  give  a  better  account  of  vision.  They  all 
VISION,  ia  the  act  of  seeing,  or  of  perceiving  external  agree,  that  it  is  performed  by  rays  of  light  reflected  fmm 
objects  by  the  organ  of  sight     When  an  obji'ct  Is  so  dis-     the  several  points  of  objects  received  in  at  the  pupil. 


posed,  that  the  rays  of  light,  coming  from  all  parts  of  It, 
enter  the  pupil  of  the  eye,  and  present  its  image  on  the 
retina,  that  object  is  then  seen.  This  ig  proved  by  ex- 
perimeat ;  far  if  the  eye  of  any  animal  be  taken  out,  and 
th«  ihin  and  fat  be  carefully  stript  off  from  the  back  part 
of  it,  till  only  the  thin  membrane,  which  is  called  the  rc- 


fVacted  and  collected  in  their  passage,  through  the  coats 
and  htimoors  to  the  retina ;  and  this  striking,  or  making 
an  impressian,  on  so  many  pninti  of  it ;  Which  impression 
is  conveyed,  by  the  correspondent  capillajnenti  of  iha 
Optic  nerve,  to  the  bmin,  &c. 

Baptism  Porta's  experiments  with  the  camera  obscura, 


tina,  remains  to  terminate  it  behind,  and  any  object  be     about  the  middle  of  the  l6th  century,  convinced  him  that 
placed  before  the  front  of  the  eye,  the  pictuir;  of  that  ob>     vision  is  performed  by  tbe  intermission  of  something  initt 


>eci  will  b^  seen  Hgured  as  with  a  pencil  on  that 
brane.  There  are  {bousands  df  exp>-rimetita  Which  prove 
that  this  is  th«  mechanical  effect  ol  vision,  or  seeing,  but 
iKMieofthem  appear  so  conveniently  as  this,  which  is 
made  with  the  very  eye  itself  of  an  animal ;  an  eye  of  an 
ox  TMWly  killed  shows  this  happily,  ond  with  very  little 
trouble,     ft  will  indeed  appear  siajtular  in  this,  that  the 


the  eye,  and  not  by  visual  rays  proceeding  from  the  eye, 
as  had  been  the  general  opinion  before  his  time  ;  and  he 
Was  the  Rrstwho  fully  satisfied  himself  and  otbet^  on  (hil 
subject ;  though  several  philosophers  still  adhered  to  tha 
old  opinion. 

As  for  the  Peripatetic  series  or  chain  of  iroagea,  it  is  > 
and  AiiUotte's  meaning  is  belter  under- 


objectis  inverted,  in  the  pieiure  thus  drawn  of  it,  in  the  stood  without  than  with  them.  In  fact,  netting' these 
aye;  Md  the  case  is  .the  same  in  tbe  eye  of  a  Uvic^  aside,  the  Aristotelian,  Cartesian,  and  Newtonian  duc- 
ptrrsM.  trines  of  vision,  are  very  couincni  with  one  aoothet ;  fot 
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Newton  iBS^awtfaat  visioD  is  peribrinedcliuflj  by  Uw  tlte  corma,  ii  nuteuUr  i  aqd  tbat  tke  soBtrscttonof  thU- 
vibr&ttons  of  a  &&«  medium  (wbich  penetrate!  all  bo4ie«)  ring  makwUw  cornea  iuokcodvu.  Uut  tbi*  hypotbetis 
excited  in  the  bottom  of  the  eye  by  the  raya  of  light,  and  is  not  luStcientlj  confirmed  hy  obKrvalion. 
propagated  through  the  capilUme&b-of  the  optic  nerve,  MuKcbenbroek  canjeciuTes  that  tbo  relaxation  of  lhi» 
to  the  senioriuti).  And  Descartes  raaintaios,  that  tbs  ciliary  aona,  which  is  nothing  but  the  capsule  uf  the 
■un  pressing  the  materia  sublilu,  with  wluch  tlie  whole  vitreous  humoar  where  il  receives  the  iropreaiion  of  tbe 
universe  is  every  where  filled,  the  vibraliuus  and  pulses  of  ciKory  procfSBeji,  p«rraiis  the  coaU  of  the  eye  lo  posh  for-> 
that  matter  reflected  from  objects,  are  communicated  \a  ward  the  crystalline  and  comek,  Such  a  voluntary  re- 
thceye,and  thence  to  the  sensory  :  so  that  the  actioti  or  laxation  however,  Dr>YouDg«baervea,  is  wholly  without 
vibration  of  a  medium  it  equally  supposed  in  all.  example  io  the  animal  economy  :  besides,  if  it  ociuulty 

It  is  generally  concluded  tb«n,  that  the  itBafst  of  ab-  occurredi  the  coats  of  the  eye  could  not  act  as  he  eon- 

jects  are  represeuled  on  the  retina ;  which  is  only  an  ex-  ceivas ;  nor  cquM  they  act  in  this  manner  without  being 

pansion  of  the  fine  capillaraents  of  the  optic  nerve,  and  observed.     He  odds,  tUat  the  contraction  of  the  ciliary 

from  whence  the  optic  nerve  is  continued  into  the  brain,  aone  i»  equally  inadequate  and  unnecessary. 
Now  any  motion  or  vibration,  impressed  on  one  extremity         Dr.  Young,  having  examined  these  theories,  and  some 

of  the  nerve,  will  be  propagated  to  the  other:  hepcc  the  others  qf  )«ss  moment,  proceeds  to  investigate  a  note 

impulse  of  the  several  rays,  sent  from  the  several  points  probable  solution  of  this  optical  diflicuUy.— Advening  lo 

of  the  object,  will  be  propagated  as  they  ore  on  the  retina  tbe  abceTvolion  of  Dr,  Porterfield,  that  those  who  b»v« 

(that  is,  in  their  proper  colours,  Stc,  or  in  particular  vi-  been  couched  have  nut  the  power  of  ocean modatiug  the 

brs'ions,  or  modes  of  pressure,  corresponding  to  them)  to  ey«  to  diftrent  distuiees;  and  to  the  reflections  of  otbei 

the  place  where  those  cap ilUments  are  interwoven  into  wii tars  on  this  subject;  be  was  led  to  conclude  that  the 

the  substance  of  the  brain.     And  thut  is  vision  brought  rays   of  light,  amitied    by  objects  at  a  small  distance, 

to  the  common  case  of  sensation.  cuuld  only  be  brought  to  foci  on  the  retina  fay  a  nearer 

Experience  leaches  us  that  the  eye  is  capable  of  view-  approach  of  the  crystalline  to  a  spherical  ibrra ;  and  be 
ing  objects  at  a  certain  distance,  without  any  mental  ex-  imagined  thai  no  other  power  was  capable  of  producing 
enion.  Beyond  this  distance,  no  mental  exertion  can  be  this  change,  besides  a  muscularity  of  part  or  of  (he 
of  any  avail :  but,  within  it,  the  eye  possesses  a  power  of  whole  of  its  capsule  :~^ut,  oo  closely  examining,  first 
adapting  iuelf  to  the  various  occasions  that  occur,  the  with  the  naked  eye  and  then  with  a  magnifier,  ibe  crystal- 
exercise  of  which  depends  on  the  volition  of  the  mind,  line  of  an  ox's  eye  turned  out  of  its  capsule,  he  discovered 
Huw  this  is  effected,  is  a  problem  that  has  vary  much  a  structure  which  seemed  to  remove  the  difficulties  that 
engaged  the  attention  of  optical  writers;  but  it  is  doubt-  bave  long  embarnssed  this  branch  of  optics, 
ed  whether  it  has  yet  been  satisfactorily  explained.  The  "  The  crystalline  of  the  ox,"  says  be,  "  is  compoacd 
first  thfloiy  for  the  solution  of  this  problem  is  that  of  of  various  similHr  coats,  each  of  which  comiits  of  six 
Kepler.  He  supposes  that  the  cilinry  processes  contract  muecies,  intermixed  with  a  gelatinn>it  substance,  and  at- 
tbe  diameter  of  the  eye,  and  lengthen  its  axis  by  a  mus-  tocbed  to  six  membranous  tendons.  Three  of  the  len- 
cular  power.  But  Dr.  Thomas  Young  (in  some  ingenious  dons  are  anterior,  and  three  posterior;  their  length  is 
Obiervationa  on  Visioik  in  tbe  Phiios.  Trans.  17S3)  ob-  about  t(wo-ihird8  of  the  semi  diameter  of  the  coat;  iheil 
serves,  that  these  processes  neither  appear  to  contain  any  arrattgenient  is  that  of  three  e()ual  and  equidistant  rays, 
muscular  fibres,  nor  have  any  sttacbraent  by  which  they  meeting  in  the  axis  of  tbe  GEystalUne;  one  of  the  anterior 
can  be  capable  gf  performing  this  action.  is  directed  towards  tbe  outer  angle  of  the  eye,  and  one  of 

Descartes  ascribed  tbi»  contraction  and  elongation  t»  the  posterior  towards  the  inner  angle,  so  that  the  posterior 

•  muscularity  of  the  crystalline,  of  which  he  aiipposed  ara  placed  opposite  to  the  middle  of  the  interstices  of  tho 

the  ciliary  procestes  fo  be  the  tendons:  but  he  neither  de-  anterior,  and  planes  passing  through  each  of  the  six,  and 

monstrated   this  muscularity,  nor  sufRcienily  considered  through  the  axis,  would  iQark  on  either  surface  six  rcgu- 

tbe  connexion  with  tbe  ciliary  proceese*.  Ur  eqiudistani  rays.     The  muscular  fibres  arise  from  botli 

De  Lahire  allows  of  no  change  in  |hs  eye,  except  the  sides  of -each  tendon  ;    they  diverge  till  tbcy  reach  the 

contraction  and  dilaiolioti  of  the  pupil :  this  opinion  k«  greatest  ciicumferrnce  of  the  coat ;  and,  having  passed 

founds  on  an  experiment  which  Dr.  Smith  has  shown  to  U,  they  again  converge,  lilt  they  are  attached  respectively 

be  fallacious.     Halle^  adopted  his  hypothesis,  notwith'  to  ihevidos  of  tho  nearest  tendons  of  the  opposite  surkce. 

standing  it«  inconsistency  with  the  principles  of  optics  Thu  unertor  or  posterior  pottion  of  the  six,  viewed  to- 

aod  constant  experiaoce.  fetfaar,  exhibits  the  appearance  of  three  pmnifDrm-ra* 

Dr.  Pcmbertoa  supposes  that  tbe  crystalline  eont«Q4  4  iftlad  muscles,     Tlve  onterioc  tendons  of  all  the  coats  are 

muscular  fibres,  by  which  oiu  of  ils  surfaces  is  Oatiened.  situated  in  the  same  planes,  and  the  posterior  ones  in  the 

while  the  other  is  mods  convex  :    but  be  has  not  demon-  lontinualions  of  these  planes  beyond  the  axis.     Such  an 

stroied  the  exi>)teacc  of  tbfse  fibres;  and  Dr.  Jtirin  ba»  fcraangement  of  fibres  caa  be  accounted  for  on  no  other 

piorcd  that  such  a  change  as  this  it  inadequata  Ut  tha  guppusition  than  that  of  muscularity.     This  mass  is  in- 

effect.  closed  in  a  siropg  membranous  capsule,   to  which   it  is 

Dr.  Porterfinld    concaives    thai   thj  ciliary  procsssr*  loosely  coaafictad  by  minute  vessels  and  nerves ;  aiid  the 

draw  the  crystalline  forward,  and  make  tba  cosneft  mora  connexiofl  it  more  observable  near  iu  greatest  cirouitv- 

cuovex.     Bat  the  ciliary  processes  are  inaapahla  of  this  fu^ente.     Between  tha  mass  rad  its  capsule  in  fuund  a 

Action;  and  it  appears  froq  Dr.  Juno's  calculations,  thai  considerable  quantity  «f  an  aqoaous  fluid,  the  liquid  of 

a  sufficient  aiolsou  of  this  kind  Fe(|ui>ea  •  very  visible  i^r  Uw  cryslaWna- 

crease  in  the  lengfh  of  the  ui*  of  the  eyat  w  iacflraw         "  Wfaca  the  will  ia  exeMod  to  view  an  object  at  a  smalt 

which  has  never  yet  hMS  absened.  di»tanee,  the  infiuemcB  of  tbe  mind  is  conveyed  ikruugfa 

Or.  Juria  nainlains  that  th«  uvea,  »t  its  aUach«<«t  ta  tjsa  Jmticuiac  |an(ltai^  fasmad  from  braochea  of  the  third 
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anJ  fifth  pair  of  nerves  by  the  filainenb  perforating  the     that  these  Uyeri  poueu  no  distinct  mimcIcs,  is  that,  lo 


bclcTutica,  to  tUeuTbiculus  clliarU,  which  may  be 
dered  us  an  annular  plexus  of  nurves  and  vewtls;  and 
tliuitce  by  the  ciliary  processes  to  the  muscle  of  the  crys- 
tdlline,  which,  by  the  comrairUoii  of  its  libns,  becomes 
more  convex,  and  collects  the  diverjting  rays  to  a  focus  on 
itie  retina.  The'iltspobiiion  of  fibics  in  each  coat  is  ad- 
mirably adapted  to  produce  this  chnnge ;  for,  siiict-  the 
leasl  surface  that  can  contain  a  given  bulk  is  that  of  a 
sphere  {Simpson's  Ruxions  P*-  *8S)  'he  cimtrac 


this  opHque  state,  ihey  arc  not  visible,  but  consist  of  an 
almost  inlinitt!  number  of  concentric  Hbrcs,  not  divided 
into  purlicuUr  bulidles,  but  similar  to  as  many  uf  the 
finest  hairs  of  equal  thickness,  arranged  in  similar  order. 
This  rt'giilftr  Wruttore  of  layers,  composed  of  cuncentric 
fibres.  Dr.  Mosack  thinks  is  much  better  adapted  lo  the 
transmission  of  the  ruys  uf  light  than  the  irregular  struc- 
ture of  muscles.  Besides,  it  ought  to  be  considered  that 
the  crystalline  lens  is  not  the  most  essential  organ  in 
any  surface  must  bring  its  cunteiits  nearer  to  a  spherical  viewing  otijccti  at  different  distances;  atid  if  this  Ix:  the 
form.  'I'he  liquid  of  the  crystalline  seems  to  serve  as  a  case,  the  power  of  the  i-ye  cannot  be  owing  to  any  changes 
synovia  in  facilitating  the  motion,  and  to  admit  a  suffi-  in  this  lens,  li  is  a  fact,  sajs  Dr.  Hosack,  that  we  can, 
cieni  change  of  the  muscular  pait,  with  a  smaller  motion  in  a  great  degree,  do  without  it ;  as  is  the  case  after 
of  [he  capsule."  couching  or  extraction,  by   uhich  operation  all  its  parts 

Ur.Voung  proceeds  to  inquire  whether  these  fibres  must  be  destroyed.  Dr.  Porlerfield,  however,  and  Dr. 
can  produce  an  alteration  in  the  form  uf  the  lent  suHi-  Young,  on  his  authority,  maintain  that  patients,  after  ifae 
cieiitly  great  to  account  lor  the  known  efRcIs ;  and  he  operation  of  couching,  have  not  the  power  of  accoiumu- 
finds,  by  calculation,  that,  supoosing  the  crystalline  to  dating  the  eye  lo  different  distances  of  objects.  On  the 
assume  a  spherical  form,  its  diameter  will  be  (jt2  thou-  whole,  Di.  Hosack  concludes  that  no  siich  muscle*,  ai 
sandlhs  of  an  inch,  and  its  focal  distance  in  the  eye  9<i6.  Dr.  Young  has  described,  exist,  and  that  he  must  bate 
Then,  disregarding  the  thickness  of  the  cornea,  we  find  'been  deceived  by  some  other  appearances  that  resembled 
(by   Smith,   art.  370)  that  such  an  eye  will  coHect  those      muscles  :  neither  will  he  allow  the  effects  ascribed  li 


ciliary  processes  in  chaugiog  the  shape  or  situation  of  the 

Dr.  Hosack  then  proceeds  to  illustrate  the  structure 
and  use  of  the  external  muscles  of  the  eye;  which  are  6 
in  number,  4  called  recti  or  straight,  and  2  oblique,  und 
by  means  of  which  he  tflinks  the  bnsiness  is  effected. 
The  common  purposes  to  which  these  muscles  arc  sub* 
scfvitnt  are  well  known:  but  besides  these.  Dr.  Hosack 
suggests  that  it  is  not' inconsistent  with  the  general  laws 
of  nature,  nor  even  with  the  animal  economy  to  ima- 
gine that,  from  their  combination,  they  should  have  a 
Dr.  Young  apprehenils  that  different  action  and  an  additional  use.  In  describing 
the  precise  action  of  these  muscles,  he  supposes  an 
object  to  be  seen  distinctly,  first  at  the  disiunre  of  6 
feet ;  in  which  case  the  picture  of  it  falls  exactly  on  the 
retina.  He  then  directs  his  attention  to  another  object  at 
the  distance  of  6  inches,  as  nearly  as  possible  in  iha 
same  line.  Wbilc  he  is  viewing  this,  he  loses  sight  of 
This  theory  of  Dr.  Young's  however  is  strongly  op-     the  first  object,  though  the  rays  proceeding  from  it  blill 


xays  on  the  retina,-  which  diierge  from  a  point  at  the  di 
stance  of  12  iocbes  and  8. tenths.  This  is  a  greater  change 
than  is  necessary  for  an  ox's  eye;    for  if  it  be  supposed 
capable  of  distinct  vision  at  a  distance  somewhat  less  than 
12  inches,  yet  it  is  probably  far  sliorl  of  being  able  to 
collect  pur^lel  rays.     The  human  crystalline  h  suscepti- 
ble of  a  much  greater  change  of  form.     The  ciliary  zone 
may  admit  of  as  much  extension  as  this  diminution  of  the 
diameter  of  the  crystalline  will  require;  and  its  elasticity 
will  assist  the  cellular  texture  of  the   vitreous   humour, 
and  perhaps  the  gelatinous  part  of  thecrystalli 
storing  the  indolent  form.     ~ 
the  sole  office  of  the  optic  nerve  is  to  convey 
tbc  biain  i  and  that  the  retina  does  not  contribute  to  sup- 
ply the  lens  with  nerves.— As  the   human   crystalline  re- 
sembles tliat  of  the  ox,  it  may  reasonably  be  presumed 
that  the  action  of  both  organs  depends  on  the  same  gene- 
ra) principli 


posed  by  Dr.  Hosack, (Philos. Trans.  i794,pan2,pft.  t})6). 
He  contests  the  existence  of  the  muscles,  which  Dr. 
Young  has  described,  for  several  reasons.  First,  from  the 
transparency  they  must  possess;  otherwise  there  would 
be  some  irregularity  in  the  refraction  of  those  rays  which 
pass  through  the  several  parts,  differing  biith  in  shape  and 
density.  Another  circumstance  is  tiie  number  of  these 
muscles.  Dr.  Young  describes  6  in  each  laniina ;  and  as 
Leuwenlioek  makes  3(X)0  lamins  in  all,  therefore  the 


the  eye;  and  hence  be  infers  that  the  eye  must 
have  undergone  some  change;  ho  that  the  rajs  meet 
either  before  or  behind  the  retina.  But,  as  rays  from  a 
more  distant  object  concur  Sooner  than  iliose  from  a 
nearer  oue,  the  picture  of  the  mnre  n-niotc  objeet  must 
fall  before  the  retina,  while  the  others  form  a  dibtinct 
image  upon  it.  But  yet  the  eye  continued  in  the  same 
place;  and  therefore  the  retina  must,  by  some  means, 
have  been  removed  to  a  greater  distance  Irora  the  fore- 


number  of  muscles  must  amount  to  12  thousand,  the  part  ot  the  eye,  so  as  to  receive  the  picture  of  the  nearer 
action  of  ivhich.  Dr.  Hosack  apprehends,  must  exceed  object.  This  objeci,  he  contends,  could  not  be  seen  di- 
CuraprebensioD.      But  the  existence   of   these  muscles  is     btinctly,   unless  the  retina  were  removed  to  a  greater  Ji- 


i   best 


iubtful,if  the  accuracy  «f   Di 

With  the  assistance  of  tb 
'  glasses,  and  with  the  greatest  attention,  he. could  not  dit 
cover  the  siruclure  of  the  cryst.illine  described  by  Di 
Young,  but  found  it  to  be  perfectly  transparent.  H 
first  observed  the  lens  in  its  viscid  state,  and  then  exposed 
different  lenses  to  a  mbdi 
became  opaque  and  dry 


refracting  power  of  the  media  through 
which  the  rays  passed  were  augmented  : — but  as  the  lena 
is  the  chief  refracting  medium,  if  we  admit  that  this  fau 
no  power  of  changing  itself,  we  are  under  the  necessity  of 
adapting  the  first  of  these  two  suppositions. 

The  next  object  of  inquiry  is,  how  the  external  mnsclet 
degree  uf  heal,  so  that  they     are  capable  of  pruducin>!  thtst  changes.     The  recti  are 
_  .  it  was  easy  to  separate  the     strong,  broad,  and  flat,  and  arise  from  the  back  pan  of 

aisttnct  layers  described  by  Dr.  Young.  These  were  so  the  o>bit  of  the  eye ;  and,  passing  over  the  ball  as  over  a 
numerous  as  not  lo  admit  of  having,  each  of  them  six  pulley,  they  are  inserted  by  broad  flat  tendons  at  the  sn- 
aiuscje*.     Another  consideration,  wh^ch  teeias  to  prove    lerior  part  of  tbe  tye.     The  oblique  are  inserted  tuw&di 
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thp  posterior  part  by  similar  lendoDS.  When  thne  dir- 
ferent  muscles  nci  joiiiily.  the  fye  being  in  the  horizontal 
positiim,  and  oveiy  mu^rle  in  action  contracting  ittelf, 
the  lour  ri'Cti  by  their  CM.binHtion  must  compress  the  va- 
rious parts  of  the  eye  and  lengthen  its  axis,  while  the 
oblique  muscles  &ervF  to  keep  the  eye  in  its  pruper  direc- 
liiin  and  siluaiion.  The  convexity  of  the  cornea,  by 
means  of  its  grent  elasticity,  is  also  increased  in  pro* 
portion  til  the  degree  of  pressure,  and  thus  the  rays  of 
light  paiisintc  through  it  are  necessarily  more  ci<nverged. 
I'bc  dongation  of  the  eye  serves  also  to  lengthen  the  me- 
dia, in  the  aqueous,  crystalline,  and  vitreous  humours 
ihniugh  which  the  rays  pasi,  so  that  their  powers  of  re- 
fraction are  pruporiionably  increased.  This  it  the  gene* 
rat  eff.  ci  ot  the  contraction  of  the  external  muscles,  ao 
cording  to  Dr  Hosai'k's  statement  of  fit:  to  which  it  may 


be  added,   that  v 


posse«  the   i 


!  power  of  relaxing     lucid  ring. 


be  a  more  striking  one)  we  see  the  misrepresentation  of 
vision  ill  two  or  three  several  ways.  The  apparent  diame- 
ters of  these  globes  are  so  nearly  equal,  that,  in  their  se- 
veral 'lianges  of  place,  they  do,  at  limes,  appear  In  us  ab- 
solutely equal,  or  mutually  gtealcr  than  each  other.  This 
is  otren  to  be  sctn,  hut  ir  is  ut  no  time  lo  obvious,  and  so 
perfectly  evinced.Hsineclip^esoflhe  sun,  which  are  total. 
Ih  these  weseelheappiirent  magnitudes  of  the  two  globes 
vary  so  much  accotiling  to  their  distances,  that  somciimea 
the  moon  is  large  enough  exactly  to  cover  the  disk  of  ihe^ 
sun,  sometimes  it  is  larger,  Bn<l  a  part  of  it  every  where 
esiends  beyond  thedibk  of  thesun  ;  und.on  the  contrary, 
someiimes  it  is  smaller,  and,  though  the  eclipse  be  abso- 
lutily  ceniml,  yi-t  it  is  annular,  or  a  part  of  ihc sun's  disk 
is  seen  in  the  middle  of  the  eclipsed  part,  ('nllghiened,and 
inding  the  opaque  body  of  the  moon  in  form  of  a 


n  proportion  to  the  greater  distance  of  (be  object, 
till  we  arrive  at  the  utmost  extent  of  indolent  visiim. 
Dr,  Hosnck  also  illustrates  this  hypothesis  by  lome  ex- 
peri  uients.  ' 

The  misreprcsi-ntationi  of  vision  ol^cn  depend  on  the 

distance  ot*  the  i>b|ect.  Thus,  if  an  opaque  globe  be  placed 

moderate  distance  from  the  eye,  tlie  picture  of  i 


When  unobjrct,  which  is  seen  above,  wit  hoi 
jccts  of  com]iarisoo,  is  of  a  knoivn  magnilude, 
its  distance  by  its  apparent  niagnitudt-;  »i 
teaches  us  to  do  this  with  tolerable  accuracy, 
practical  use  of  the  misrepresentation  of  vision,  and 
the  same  manner,  knowing  that  we  see  things  which 
near  us,  distinctly,  and  thoscwhich  are  distant,  confusedly. 


t  other  ob- 
(e  judge  of 
I  custom 
This  is  a 


the  retina  will  be  a  circle  properly  diversitird  with  light  wo  judge  of  the  distance  of  ah  object  by  the  clvarnes; 
and  shade,  so  that  it  will  excite  in  the  mind  the  sensa- 
tion  of  a  sphere  or  globe;  but,  if  the  globe  be  placed  at 
a  great  distance  from  the  cje,  tlie  distance  between  tbo>e 
lights  and  shades,  which  fontt  the  picture  of  a  gli)be, 
will  be  imperceptible,  and  the  globe  will  appear  no  other- 
wise than  as  a  circular  plane.  In  a  luminous  globe,  di- 
stance is  not  necessary  in  order  to  take  off  the  represen- 
tation of   prominent  and  flat;    an   iron  bullet,  heated 

very  red  hot,  and  held  but  a  few  yards  distance  from  the     these,  the  eye  does  not,  in  reality,  enable  us  to  judge  con- 
eye,  appears  a  plane,. not  a  prominent  body;  it  has  not     cerning  the  distance  of  objects. 
'     '     ■     '       •  ■      ■         -  ■        ■  ■    ■  "■■  ■      ligrepreseniaiion,  though  it  »er%M  o 


conlusion,  in  tthicb  we  see  it.  We  also  judge  yet  more 
easily  and  truly  of  the  disiattce  of  an  object  by  comparing 
it  to  another  seen  at  ihe  same  lime,  the  distance  of  which 
is  betler  known,  and  yet  more  by  comparing  it  with  seve- 
ral others,  the  distances  of  which  are  more  or  less  known,  , 
or  more  or  less  easily  judged  of.  These  are  the  circum- 
stances which  assist  us,  eien  by  the  misrepreseniaiioD  of 
to  judge  of  distance  ;   but,  without  o 


the  look  of  a  globe,  hut  of  a  circular  plane.  It  is  owing 
to  this  misrepri'sentation  of  vision  that  we  see  the  sun 
and  moon  flat  by  the  naked  eye,  and  the  planets  also, 
throiigh  telescope-,  Hiti.  Itis  inthislight  also  that  astro- 
nomers, when  ihey  speak  of  the  sun,  moon,  and  planets, 
as  they  appear  to  our  view,  call  them  the  disks  of  the 
sun,  mfKtn,  and  planets,  which  we  see. 

The  nearer  a  globe  is  to  the  eye,  the  smaller  segment  of 
it  is  visible,  the  farther  otT  the  greater,  and  at  a  di 


This  m 
casiotn,  yet  is  very  limited  in  its  effects.  1  bus,  though  it 
helps  us  greatly  in  distinguishing  the  dittnnce  of  objects 
that  are  about^us,  both  with  respect  to  ourselves  and 
them,  and  with  respect  to  ihemselvei  with  one  another, 
yet  it  can  do  nothing  with  the  very  remote.  We  see  that 
immense  concave  circle,  in  which  we  suppose  the  fixed 
■tars  to  be  placed,  at  all  this  vast  remove  from  us,  and  no 
change  of  place  that  we  conld  make  to  get  n 


stance  the  half;  and,  bn  the  same  principle,  the  nearer  the     would  be  of  any  avail  for  determining  the  distance  of  the 


i  from  one  another.  If  we  look  at  ihree  or  four 
churches  from  a  distance  of  as  many  miles,  we  see  them 
stand  in  a  Cbrtain  position  with  regard  to  one  another. 
^ance  a  great  deal  nearerto  them,  we  see  thiti  po- 
sition differ,  hut,  if  we  move  forwaril  only  8  or  10  leel, 
the  difference  is  not  perceptible. 

Thus,  during  the  last  two  centuries,  numerous  doubt* 
ind  dispuiaiiunt  have  been  held  among  anatomists  and 
philosophers,  on  the  immediate  mode  and  means  of  vision 
and  somatimes  farther  off  from  the  place     by  the  eye:  someascribingitto  iheinsirumentality  of  the 
whence  we  view  them.     Two  globes,  of  different  niagni-     retina  spread  over  the  bottom  or  posterior  part  of  the  eye; 
fude,  may  be  made  lo  appear  of  exactly  the  same  dittme-      and  others   to  the  opaque  churoides,  immediniely  behind 


g}obe  is  to  the  eye,  the  greater  is  it*  apparent  diameter 
that  is,  under  the  gn  iiter  antfft  it  will  appear  ;  the  farther 
off  the  globe  is  placed,  the  less  is  its  appari'nt  diameter. 
This  is  a  proposition  uf  importance,  for,  on  this  principle, 
we  know  that  the  same  globe,  when  it  appears  larger,  i: 
nearer  to  our  eye,  and,  when  smaller,  is  further  otf  from  it. 
Therefore,  as  the  globes  of  the  s< 
ways  of  the  same  size,  yet  appear  someiimes  larger  and 
limes  smaller  to  us,  it  is  evident,  that  Ihey  ai 


ler,  if  they  be  placed  at  different  distances,  and  those  di- 
stanceii  be  exactly  proportioned  to  tbeir  diameters.  To 
this  it  is  owing,  that  we  see  the  san  and  moon  nearly  of  the 
tame  diameter;  they  are,  indeed,  vastly  different  in  real 
bulk,  but,  as  the  moon  is  placed  greatly  nearer  to  our  eyes, 
the  apparent  magnitude  of  that  smaller  globe  is  nearly  Uie 
with  that  uf  the  greater. 


By  dissecting  the  eyes  of  Hnrmals,  lo  discover 
the  nature  and  uses  of  the  si-veral  humours  and  coats  of 
thai  organ,  it  appears  that  the  eye  is  justly  considered  as 
a  natural  achromatic  instrument,  or  camera  obscura,  in 
which  pictures  of  the  external  objecis  are  exhibited  as 
painted  on  the  retina,  by  rays  introduced  through  the 
apenurcof  the  pupil.     This  was  beautifully  demonslraied 


'  Jo  this  instance  of  ^e  sun  and  moon  (for  there  cannot     by  the  celebrated  discovery  of  Scheii 


By  taking  ika 


vGoogle 


V  I  & 


[  ,w  1 


VIS 


eye  of  «a  ox,  recently  hillint,  avd  stripping  the  tcterotic  whether  it  pr*dHce  a  vibratioa  in  the  oene,  ox  lootion  of 
coat  with  the  chtroidcs  from  its  posterior  portion,  cue-  lome  subtile  fluid  in  the  ncrre,  or  someth i no  ilifTe rent  from 
fully  preserving  the  retina  as  it  lies  upon  the  vitreaui  hu-  either,  to  which  wo  cannot  give  a  name."  See  an  account 
Mour  ;  then  placing  the  eye  in  a  suitable  aperture  in  th«  of  the  several  »rgunient»  of  the  different  writers,  at  the 
window-shut  Lit  of  a  darkened  chamber,  with  the  cornea  end  of  Dr.  Prieitley's  History  of  Optics, 
lutwards,  a  transparent  miniature  painting  of  the  external         After  the  Contrary  ideas  iad  disquisitions  of  all  the 

opticians  and  phyiiologists  about  (he  preferenccdue  to  the 
one  or  the  other  of  the  two  coals,  the  retina  and  the  cho- 
roidt,-s,  we  have  just  neen  a  small  pamphlet,  pact  of  a  pro- 
miseii  greater  work)  the  production  ot  a  clergjman  of  the 
name  tif  Horn,  on  "  The  Seat  of  VUion,"  in  8vo.  1813. 
In  this  litde  piece,  after  a  neat  and  concise  account  of  the 
different  hypotheses  and  arguments  of  hii  predeceisors  in 
pletely  inverted,  the  upper  side  being  undermust,  and  the  this  line,  the  author  relates  some  in^nious  experiment 
ri{[ht  side  changed  to  the  left,  and  vice  versa.  Though  this     accompanied  with  reflections  on  the  subject,  and  finally 


s  variety  of  figures  and  colours,  is 
bitedon  the  retina:  this  experiment  established  the 
ral  idea  that  it  is  these  pictures  that  we  see,  the 
of  which  aro  conveyed  to  the  sensorium  by  the  optic 
serve,  Che  expansion  of  its  substance  forming  the  retina. 

This  discovery  however  introduced  a  new  difficulty: 
the  objects  exhibited  on  thi  ... 


inversion  might  be  the  natural  optical  effect  of  the  struc- 
ture of  the  eye,  how  comes  it  that  we  do  not  usually  see 
objects  by  our  eyes  inverted,  but  always  in  their  natural 
poution.  This  circumstance  ted  to  numerous  dist^uisi- 
tions,  mechanical,  optical,  and  miUphysical,  lo  account 
for  it— In  the  controversy  rt-lating  to  which  are  found  the 
names  of  Kepler,  Descartes,  Newton,  Hookc,  Lahire, 
Berkeley,  PorterSeld,  Smith,  Reid,  Michell,  Priestley, 
Mariottc,  Picard,  Pacquet,  and  many  others ;  most  of 
tbese  agreeing  to  the  general  idea  of  the  retina  being  the 


i  a  theory  wljicb  appears  more  rational  and  satis- 
factory than  any  of  the  former.  He  discharges  the  retina 
and  the'  choroidca  each  from  the  sole  and  exclusive  oSica 
that  hod  been  assigned  to  it  by  the  former  contending 
parties,  and  assigns  to  each  its  necessary,  but  suburdinat« 
office,  in  the  faculty  of  vision,  the  principle  and  ultimate 
part  being  performed  by  the  optic  neive,  which  conveys 
the  sensation  immediately  to  the  sensorium  in  the  brain. 
After  some  pertinent  reflections  this  author  adds,  "  Per- 
suaded,  therefore,  that  I  had  actually  discovered  the  true 


chief  cause  of  rision,  but  mostly  enHeavourifig  to  account  origin  of  the  retina,  and  that  it  bad  in  consequence  lost  all. 

for  the  circumstance  of  the  inversion  of  the  images,  while  claim  to  superior  sensibility,  and  to  the  principle  functjoa 

Deverthcles*  the  objects  are  seen  in  their  due  positions.  At  in  vision,  1  was  induced,  from  a  general  survey  pS  the  or- 

length  it  was  .accidentally  discovered  by  Mariottc,  that  'gan,  to  conclude  that  the  sale  use  of  this  transparent  mem- 

I    there  is  a  particular  part  in  the  bottom  of  the  eye  on  which  brane,  in  the  mechanism  of  vision,  is  to  produce  reflec- 

oo  itaBge-  is  painted,  or  on  which  the  rays  have  no  effect,  tion,  in  a  manner  similar  to  the  polished  surface  of  a  me- 

vi^,  tb«  part  where  the  optic  nerve  is  inserted.    Now  if  the  tallip  reflector,  or  perhaps  it  might,  with  more  propriety, 

tetina  ii  only  the  extension  or  continuation  of  this  part,  be  compared  to  ^ass,  the  choroides  behind  answering  the 

Mariottc  infarred  that  if  this  were  the  cause  of  vision,  purpose  of  the  metallic  coating  upou  the  convex  surface 

the  insertion  of  the  nerve  ought  to  bo  at  least  as  sensible  of  a  mirtor. 

to  the  rays  of  light,  as  the  rest  of  the  retina,  which  is  only  "  lo  prosecutingthis  inquiry,$ev^rBl  circumstances  con- 

a  diffusion  ot  the  former.     M.  consiileringfaiither  that  the  tributed  to  direct  my  attention  to  the  optic  nerve,  as  the 

choroidei  lined  the  whole  of  the  bottom  of  the  eye,  ex-  grand  organ  of  vision.     In  surveying  the  general  structure 

septing  the  place  o£  tho  insertion  of  the  optic  nerve,  that  of  the  eye,  I  was  particularly  struck  with  the  magnitude 

is,  the  whole  of  the  space  exhibiting  (he  painted  images,  of  this  nerve,  and  the  singular  manner  of  its  termination 


I  the  real  siat  'ond 
n  to  the 


the  concave  surface  of  the  globe.  The  optici  do  not, 
like  every  other  pair  of  nerves,  terminate  in  branches ; 
ihey  are  the  largest  in  the  system,  yet  the  entire  nerrous 


lit  concluded  that  the  cbbroidcs  i 
cause  of  vision,  and  not  the  reiiria. 

This  discovery  aiKl  conclusion  ^^ave  a  n 

question,  aud  ihc  disquisitions  of  philosophers.     Most  of  substance  ptrforaia  the  globe perpeiidictiaTiy,  presenting 

tbo  befofr-menlioned  parsons  entered  into  the  dispute,  in  its  concavity  a  well  dchned  circu/or  Aok,  fringed  with 

some  adopting;  the  one  opinion  and  some  the  other,  but  the  cboioides,  sod  cohered  with  the  retina.     Tlie  base  was 

without  coioing  to  any  settled  and  general  decision.     Dr.  not  only  reudered  remailuwly  distinct,  by  the  following. 

Porlerfield  agrees  with  the  most  part  of  optical  writers,  experiioenL;  but  at  the  same  time  f  observed  a  beautiful 

thai  the  retinais  the  true  seat  of  visiou  ;  and  that  though  effect  produced  by  light  upon  the  nerve.     Having  procu- 

it  is  oxpaiidcil  over  the  whole  concave  surface  of  the  eye  red  the  eye  of  an  ox  recently  killed,  after  dividing  it  trsni- 

as  br  as  the  ligamentum  ciliare,  yet  it  is  not  all  equally  verscly,  sod  abstracting  the  vitreous  humour  from  its  pos- 

ionsible.     While  Mr.  Walker,  with  several  others,  is  of  a  tenor  portion,  leaving  about  4luies  of  the  nerve  attached, 

contnury  opinion :  towards  the  closa  of  his  disquisition  on  I  placed  the  segment  of  the  globe  i^  a  suitable  aperture 

visiuiitbJsauthorsdda,cunsislentlywith  thetheoryjustda-  made  in  a  windovvshutter,  with  the  concave  surface  in- 

livcred,  "  I  should  conclude,  that  we  have  a  decided  prou£  wards.     Thus  situated,  having  darkened  the  chamber,  lh« 

that  the  posterior  part  of  the  retina  is  utterly  insensible,  base  of  the  n£rve  exhibited,  in  its  little  hemisphere,  an  ap- 

since  at  the  CDtrajice  of  the  nerve,  where  it  exists  io  the  paarance   beautifully  distinct  and    luminous,  having  a 

greatest  quantity,  it  can  be  demonstrated  to  be  so;  and  striking  resemblance  to  the  sun,  as  seen  througli  oae  of 

that  vision  is  wanting  at  this  spot  precisely,  because  where  those  brownish  fogs  with  which  the  atmosphere  is  some- 

the  ncri^  enters  there  is  no  choroides  to  reflect  the  rays  to  times  charged  in  th*  aiiuter  season.    Thelight  which  pro* 

the  sensible  anterior  portion."      Dr.  Reid,  also  decidedly  duceJ  thispbetwmouoo,  must  have  pervaded  the  whole  ex* 

C<Mictudes,'"We  have  reason  Co  believe  ihatthe  rnysof  li^ht  tent  of  the  nerve;  for,  being  completely  Inclosed  by  th« 

make  some  impreitsion  on  the  retina  ;  but  wo  are  not  con-  muscles  and  £u,  it  was  impossible  that  any  lateral  lig^ 

■cious  of- this  imprcsbion ;  nor  have  anatoniiirfs  or  philo-  could  have  contributed  to  the  appearsJice.     The  sama 

lophcn  been  able  lo  discover  the  nature  and  ejects  of  it ;  phenontton  u*f  lie  s«eii,  thou^  with  less  eScct,  by 
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holding  ft  similar  portion  of  Ae  globe  betwees  thcfye  and  mmt  beautiful,  if  not  tb«  most  itnpoituit  dcpBrtmcM  c$ 

a  lijjbKd  candle,  ■  physical  scieoce,  enveloped  in  mystery,  and  lurrouNded 

"  lie  reader  must  have  anticipated,  and  Aeicfore  wilt  vit^  difficmlties,  which  they  oofesa  to  be  inexplioible. 

now  readily  comprebend  tbc  minner  in  nhicb  I  connive  Tf>e  following  optical  factt  will  ml  eoce  dispel  the  dark- 

visiun  tD  be  accomplished.  Rays,  r»m  all  pdntsoTischnb-  ne«  which  ba>  m  long  liung  ©vcr  this  rt^ioa  of  phiio- 

Jects  as  are  opposed  to  th«  orgn,  psst  throagh  the  pupil,  sopiiy. 

and,  after  refraction  in  the  ditlefent  bumoura,  delineate         "  'f  we  take  a  convex  lens,  and  place  il  in  the  window 

perfect,  but  inverted  pictures,  on  the  retina  at  the  bottom  stutter  of  r  dark  room,  and  the  «yc  be  successively  di- 

of  the  eye  ;  these  nictnrei  are  instanTly  rriftecWd,  in  theit  reeled  towards  it,  three  effects  will  be  produced.     Whea 

various  colonn  and  shades,  -on  the  anterior  portion  of  the  the  eye  is  situated  farther  frnm  the  lens  than  itie  focua  of 

concavity;  another  reflection  from  hence  raises  itna^  of  paralW  raya,  ■  very  distitict,  but  diminished  landscape, 

the  external  objects  near  the  middle  -of  the  vitreous  fcn-  with  all  the  objects  inverted,  is  snn  in  tbn  lens.     On  the 

monr,  in  their  nBtoral  arder  and  position ;  the*  images  contrary,  if  the  eye  be  posited  within  tbc  focal  distance, 

laakt  due  impressions  on  the  opposite  base  of  the  nerve,  tbe  objects  appear  in  ihi-ir  natural  pntition,  enlarged,  but 

whitA  are  tmnsmitted  by  it  to  the  brain  :  thus  the  sensa-  very  indistinct.     Now,  undoubtedly,  the  medium  distance 

tlon  is  pTodaced,  and  vision  perfisrmed.-  between  these  two  sitaatiun's,  in  wjiich  theappearsticeeof 

"  Ever  since  ^heiner  exhibited  those  beautifiil  pictDres  *e  -objects  are  so  very  diifcrMU,  is  the  trae  locus  of  the 

on  the  retina,  philosophers  have  supposed  rbe  mind,  nme-  Ions,  and  the  place  where  th«  images  would  be  painted  on 

hnu,  affected  by  the  impressions  madeombis  Bieoi*>rane;  a  sheet  of  paper  tiiterpased.     Bot  wliefi  the  eye  is.brtnigbt 

biit,  mistaking  the  proper  organ,  they  always  found  the  t"  «w!vpy  this  point,  bo  imsge  whnievcr,  in  thi  lens,  im- 

optical  phenrnnena,  and  the  sensations  of  vision,  at  vari-  presses  the  organ  ;  a  circular  spot  only  ia  perceived,  ani- 

ance,  and  labtnired  in  vain  to  reconcile  them.     However,  fcrmly  tinged  with  ihe  prevailing  colour  of  the  landscape : 

having  demonstrated,  that  neither  the  retina,  nor  thecho-  for  instance,  if  the  ground  be  covered  with  snow  the  fens 

roidei,  is  the  immpdiiite  seal  «f  vision  ;  and  having  re-  appears  white;  if  the  surrounding  scenery  consists  of  ver- 

itolred  tbe  optic  nerve  to  that  dignified  function  id  the  dant  fields,  woods, &c,  the  colour  exhibited  by  the  Tens  is 

llMory  xvbich  it  naturally  possesses  in  the  or  van,  all  the  green;  or  if  the  prospect  te  upward  to  the  sky,  the  tens  in 

infetiwr  instruments  will  he  found  harmonimisly  cnoperat-  'his  chk  assumes  an  aaure  hac. 
ing  withit,  in  producing  the  variotis  phenomena  of  viitron,  "Thus,  thecuuse  of  that  mysterious  defect  in  tbe  geld 

"  It  is  no  lunger  a  tjuesiion,  why  rhe  oplrc  nerve  hat  so  of  vision  is  detecU'd  ;  tbe  above  fact  affording  a  clear  de- 

vcry  large  a  trunk  bestowed  on  it;  why  the  whole  nervous  nwnstTaiion  of  tbe  I'flect  produced  on  the  base  of  the  optic 

substance  enters  the  globe  perpmdiculttrfy,  and  its  circular  nerve,  by  the  himou*  experiment  with  the  patch  upon  the 

base  appears  within,  daritvK  of  the  choroides.     If  the  *'"H-     1-ct  the  wall  in  tfais  experintent  be  blue,  or  green, 

medallBTy  substance  had  nrjtperforated  theglobe,or  if  the  ^rany  colour  whatever,  the  paper  i«  constantly  lust  in  tbe 

churuiJe  membrane  bad  covered  the  base  ai  the  nerve ;  gendral  hue  of  tbe  gronnd  upon  whicb  it  is  fixed.     But  if 

in  either  case,  it  is  evident,  (here  could  have  been  no  im-  the  low  of  the  object  proceeded  from  a  real  insensiMtity 

pressron  made  by  the  images  in  Ae  eye  nn  the  nervous  "f  'be  nerve,  or  reiins  ai  this  place,  whatever  the  colour 

substance;  cunse<]Uently,  in  such  a  disposition  of  things,  ^  tbc  wall  might  be,  a  very  perceptible -dari spot  woold, 

there  would  have  been  no  vision.  invariably,  besabsuiutrd  in  its  stead.     So  far  is  this,  hovr- 

'"  However,  natwrtbstandini^ihiB  surprising  coincidence  ever,  from  te'ing  tbe  effi-ct  prodan-d  by  rhc  experiment, 

(if  things,  in  favour  t>f  tbe  base  of  the  nerve,  as  the  im-  that,  when  tbe  wall  happens  to  be  whhe,  and  even  a  hlack 

mediate  inslnimeni  of  vision,  those  conversant  wirh  the  paper  is  fixi-d  upon  it,  no  obscurity  can  be  discerned  :  the 

subject  may  have  foreseen  whi;I  they  rtrem  an  insuperable  biack  patch  is  entirely  lost,  and  an  uniform  whiteness  takes 

objection,  wlich,  as  soon  as  it  apponrs,  tfiey  expect  to  find  poaMrsaion  ot  its  place. 

me  drop,  and  thewhulesapcrstniclurcl  have  been  raising         "  Aficrfhis  induction  of  facts,  confirmed  by  the  kws 

com?  to  tbe  ground.     In  short,  it  is  nothing  less  than  the  of  optics,  the  conclimioii  can  no  longi-r  bt  doubtful,  that 

well-known  fact,  demonstrated  by  the  experiment  of  Ma-  the  surprising  defect  in  vision,  discovered  by  Marioite,  is 

riotte,  that  the  organ  is  totally  insensible  to  the  impression  neithiT  to  be  attributed  to  any  insensibility  in  the  ntina, 

of  light,  at  the  very  spot  that  1  have  fixed  on  as  tbe  proper  nor  to  tbe  nerve  itself,  which  is  the  true  seat  of  vision  ; 

seat  of  vision.    >  the  phenomenon  proceeds  solely  from  the  jiupil.  When  the 

"  This  phenomenon,  I  confess,  appeared  for  some  time  base  of  the  nerve  is  brought,  by  distorting  (he  organ,  inie 
a' formidable  obstdcte;  stilt,  1  felt  a  certain  confidence  a  straight  direction  with  the  pupil  and  the  object,  the  pen- 
powerfully  inciting  me  to  perseverance,  yion  disposed  cils  of  rays,  proceeding  from  the  pupil,  have  their  foci  on 
to  suspect  some  error  in  the  conclusions  drawn  by  pbilo-  the  base  o1  the  nerve  ;  and  therefore,  agret-ably  to  the  phe- 
sopbers  from  the  experiment,  than  to  doubt  those  princt-  nomenon  of  tlie  lens  aix>ve  described,  that  pofliun  of  the 
pies,  in  the  structure  of  the  organ,  by  which  the  visual  cornea  and  humours  in  the  axis  of  the  eye,  ef|ual  to  the 
iipage  is  not  only  rectified,  and  other  difficult  phenomena  diameter  of  the  pupil,  is  tinged  with  the  colour  of  tb« 
solved,  but  upon  which  !  conceived  a  satisfactory  theory  ground  uptm  which  tbe  paper  is  fixi-d ;  therefore,  -white 
of  vision  might  be  established;  1  proceeded,  the  more  the  object,  situated  in  a  line  with  the  pupil  and  base  of  tbe 
anxiously,  to  Seek  another  solution  of  thh  optical  diffi-  nerve,  makes  no  iinpnssion  upon  tdis,  still,  the  surround- 
culty,  than  that  commonly  received.  ing  objects  have  their  iiirmS  distinctly  painted  upon  and 

"  This  inseasible  spot  in  tbe  organ  of  vision  is  indeed  refltctedfrom  the  retina.     Theitnagts,  thus  formed  in  the 

tbe  hidden  rock,  on  which  the  most  specious  theorit^  have  vitreous  humour,  make  the  same  impn'ssinns  upon  the  base 

been  lost.     Philosophers  have  been  gtiitty  of  a  fatal  over-  of  the  nerve,  as  in  ordinary  vision  :  and  hence  a  faithful 

sight— they  have  totally  mistaken  the  real  cause  of  thb  -vepresentatien  is  made  to  the  mind  of  the  whole  scene,  ex. 

wonderful  defect  in  vision ;  and  c»Dsequenily  have  left  the  cept  that  portion  in  the  centre  WimpoRding  to  tire  di- 


yV^oogle 


VIS  C    »76    ] 

See  Mr.  Horn's  tract'ftbove         Pietd  qfVttum. 
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object  it 


n  the  hori- 

Thus,  a 


mraMons  uf  the  pupil,  6cc. 
referred  lo. 

Vision,  in  Opticf.  The  laws  of  vision,  brought  und'r 
matlicinRcical  demuDstrationi,  make  the  subject  of  optics, 
taken  in  the  f;rcaictt  liititiidc  of  thai  worJ :  for,  among 
msthemacicnlwrittrs,  optics  is  generally  taken,  in  a  nmre 
restricted  sistnificatiun,  tor  the  doctrine  of  direct  vision  : 
catoptrics,  for  the  doL-trinc  of  reflected  vision  ;  and  <tio[>< 
tries,  for  that  of  refracted  vision. 

Direct  or  Simple  Vision,  is  thntnhich  is  perforinrd  by 
means  of  direct  TAys  ;  that  is,  of  rays  p)issin^direclly,or 
in  ri];ht  lines,  from  the  radiant  point  to  the  eye.  Such  is 
that  explained  in  the  preceding  article. 

Sejkcted  Visioii,  is  lliat  »»hich  is  priformwi  by  rays  re- 
flected from  sperulums,  or  mirrors.  The  laws  of  which, 
see  under  Reflectiuk,  and  Mihroh. 

'Rt^fraettd  Vision,  is  that  which  is  pe^-formed  by  means 
of  rays  refneted,  or  turned  out  of  their  wny,  by  passing  - 
through  mediunis  of  different  density;  chieHy   through     Ptolemy,  and  Alba;^ 
glasses  and  lenses.     The  iHwsof  this,  sec  under  the  article     use  in  the  present  day. 
Refraction.  VITREOUS  tfu»ioar,.or  Vilrais  Humor,  denotes  the 

jfrcko/Visios.     See  Arch.  third  or  glassy  humr>ur  of  ihe  eye;  thus  railed  from  its 

Diitinet  Vision,  is  that  by  which  an  object  is  seen  resemblance  to  lutlted  glass,  tt  lies  under  the  crystal- 
diatinctly.  An  object  is  said  to  be  seen  distinctly,  when  line  ;  by  the  impression  of  which,  its  fure  part  is  rendered 
its  outlines  appear  clear  and  wirll  delioeil,  and  the  several     concave.     It  greatly  exceeds  in  quantity  both  the  aqueous 


See  Field. 

VISUAL,  relating  tu  sight,  or  seeing. 

Visual  Jngie,  is  the  angle  under  which  a 
seen,  or  which  it  subtends.     See  Akglx, 

Visits Liine.     See  Line. 

Visual /'oin/,  in  Pi'i^pcctive,  is  a  point  i 
auntal   line,  where    all   the  ocular  rays  unite 
p<Tb<in  standing  in  a  long  straij;;ht  gallery,  and  looking 
forward  ;  the  sides,  floor,  and  cieling  seim  to  meet  and 
touch  one  another  in  this  point,  or  common  centre. 

Visual  Hoys,  are  lines  of  light,  conceived  to  come 
from  an  object  to  the  eye. 

VITELUO,  or  ViTBHO,  a  Polish  mathematician, 
of  the  13th  century,  as  he  fluuiished  ab<iut  I4M.  We 
have  of  his  a  large  Treatise  on  Upiics,  the  liest  edition  of 
which  is  that  of  1372.  Viiello  was  the  first  optical  writer 
of  any  consequence  among  ihe  n.odern  tjiropeans.     He 

llected    all  that  was  given    by    Euclid,  Archimedes, 
though  his  work  is  of  but  little 


parts  of  it,  if  not  too  small,  are  plainly  distinguishable,  g 
that  they  can  easily  be  compared  one     '  ' 
•pectto  their  figure,  siie,  and  colour. 

In  order  to  such  distinct  vision,  it  had  commonly  been 
thought  that  all  the  rays  of  a  pencil,  flowing  from  a  phy* 
■ical  point  Of  an  object,  must  be  exactly  united  in  a  phy- 
sical, or  at  least  in  a  sensible.point  of  the  retina. 

Dr.  Jurin  has  made  it  appear  from  experiments,  that  such     and,  according  to  Robertson,  i 
an  exact  union  uf  rays  is  not  always  necessary  to  distinct     nearly  with  that  of  w 
vision.     He  shows  that  objects  may  be  seen  with  sufficient 
distinctness,  though  the  pencils  of  rays  issuing  from  the 
points  of  them  do  not  unite  precisely  in  the  same  point  o. 
the  retina  i   but  that, since,  in  this  case,  pencils  from  eithe 
point  either  meet  before  they  rt.'ach  the  retina,  or  tend  to 
meet  beyond  it,  the  light  that  comes  from  them 
a  circular  spot  on  it,  and  will  therefore  paint  the  imago 
larger  than  perect  vision  wouhl  represent  it.     Wber 
fallows,  that  every  object,  placed  either  loo  near  or  t( 
mote  for  perfect  vision,  will  apptiir  larger  than  it  is  by  a 
penumbra  of  light,  caused  by  the  circular  spaces,  which 
are  illuminated  bv  pencils  of  rays  proceeding  from  the  ex- 
tremities of  the  object. 

The  smallest  distance  of  perfect  vision,  or  that  in  which 
the  rays  of  a  single  pencil  are  collected  into  a  physical 
point  on  the  retina  in  the  generality 'of. eyes,  Dr.Jurin, 
from  a  number  of  observations,  states  at  b,  0,  or  7  inches. 
The  greatest  distance  of  distinct  end  perfi'ct  vision  be     chite 
found  was  more  difficult  to  determine  (  but   by  consider-     only  show  C 
ing  the  proportion  of  all  the  parts  of  the  eye,  and  the  n 
fractive  power  of  each,  with  the  interval  that  may  be 
discerned  between  two  stars,  the  distance  of  which  is 
known,  he  lixes  it,  in  some  cases,  at  14  feet  5  inches; 
.though  Dr.  Porterfield  had  restiicted  it  to  27  inches  only, 
with  respect  ic)  his  ownieye. 

For  other  observations  on  this  subject,  see  Jurin's 
Essay  on  Distinct  and  Indistinct  Vision,  at  the  end  of  Archimedes,  Apullonius  Pergxus,  Aristotle,  Aichytas  o 
Smith's  Optics;  and  Robins's  Remiirks  ou  the  same,  in  Tarenium,  Vitruvius,  Achindus,  Miihotnet  Ibn  Moses 
his  Math.  Tracts,  vol.  2,  pa.  278  &c.  See  also  an  iiige-  the  javentor  or  improver  of  Algebra,  Duns  Scotus,Iiichard 
oious  paper  on  Vision  in  the  Fhilos.  Trans.  1793,  pa.  169,  Suissct  sumamed  the  Calculator,  Galen,  and  Ueber  of 
by  Dr.  Thoisas  Young.  Spain. 


d  crystalline  humours  taken  togeIher,and  conseqiientty 
occupies  much  the  greatest  part  of  the  cavity  of  the  globe 
of  the  eye.  Scheiner  says,  that  the  refractive  power  of 
this  humour  is  a  medium  between  those  of  the  aqueous, 
which  does  not  differ  much  from  water,  and  of  the  crystal- 
line, which  is  nearly  the  same  with  glass.  Dawksbec 
makes  its  refractive  power  the  same  with  that  of  water; 
specific  er**''y  "gteet 

VITRUVIUS  (Makcub  Vitrutius  Pollio),  a  ce- 
lebrated Roman  architect,  of  whom  however  nothing  par- 
ticular is  known,  but  what  is  to  be  collected  from  bis  ten 
books  De  Arcbitectura,  still  extant.  In  the  preface  lo 
ixih  book  be  states,  ihut  he  was  carefully  educated, 
by  his  parents,  and  instructed  in  the  whole  circle  of  arii 
and  sciences;  a  circumstance  which  he  speaks  of  with 
nuch  gratitude,  laying  it  down  as  certain,  that  no  man 
ran  he  a  complete  architect,  without  some  knowledge 
ind  skill  in  every  one  of  them.  And  in  the  preface  to 
the  first  book  he  informs  us,  that  he  was  known  to  Julius 
Cssar ;  that  be  was  at^erwards  recommended  by  Octavia 
to  her  brother  Augustus  C.-esar;  and  that  lie  was  so  fa- 
lured  and  provided  for  by  this  emperor,  as  to  be  out  of 
all  fear  of  poverty  as  long  as  he  might  live. 

It  is  supposed  that  Vitruvius  was  born  either  at  Rome 
r  Verona ;  but  it  is  not  known  which.  His  books  of  ar- 
are  addressed  to  Augustus  Cxsar,  and  not 
nsummate  skill  in  that  particular  science, 
but  rIso  very  uncommon  genius  and  natural  abilities. 
Cardan,  I'n  his  16th  book  De  Subtilitate,  ranks  Vitru- 
>ne  of  Ihe  12  persons,  whom  he  supposes  to  have 
excelled  all  men  in  the  force  of  genius  and  invention ;  and 
would  not  have  scrupled  to  have  j^iven  him  the  first  place, 
luld  be  imagined  thai  he  had  delivered  nothing  but 
I  discoveries.     Those  ,12   p<'rsons  were,    Euclid, 
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—In  1669,  be  wu  chosen  10  fill,  in  the  Royat  Acwiemy 
of  Science!,  &  place  among  the  8  foreign  associates.  This 
new  favour  reanimated  his  zeal;  and  he  published  three 
books  of  his  Dmnation  on  Aristeus,  at  Florence  in  1701, 
which  he  dedicated  to  the  Wng  of  France.  It  is  k  thin 
folio,  entitled,  De  Locis  Solidis  secunda  Divinalio  Geo- 
metrica,  &c.  This  was  a  second  edition  enlaiged ;  the 
first  having  been  printed  at  Florence  in  l673.— Vimni 
conimentanes  on  Vitrurius,  employed  the  fortune,  which  he  hiid  raised  by  the  boun- 
which  IS  Bdded  a  description,     ties  of  his  prince,  in  building  a  magnificent  house  at  Flo- 


Tlte  architecture  of  Vitrovins  hu  been  often  printed  ; 
but  the  best  edition  is  that  of  Amsterdam  in  l649.  Per- 
rault  alto,  the  noted  French  architect,  gave  an  excellent 
French  translatron  of  the  same,  with  the  addition  of  notes 
and  figures;  the  first  edition  of  which  was  published  at 
Paris  in  l€73,  and  the  second,  much  improved,  in  1684. 
— Mr.  William  Newton  too,  an  ingenious  architect,  and 
]ate  surveyor  to  the  worlis  at  Greenwich  Hospital,  pub- 
lished in  1780  &c,  curit 
illustrated  with  figures ; 


with  figures,  of  the  Military  Machines  used  by  the  An-     rence ; 


s  celebrated  Italian  maihe- 
1621   or  162s. 


inptK 


which  h;  placed  a  bust  of  Galileo,  with  several 
honour  of  that  great  man;  and  died  i 


Vivi 


tSly. 


it  age. 


,,,,..,.,-„  .  „  ,.,  _,  ,.  ,  ...  ^  fiad,  says  Fontenelle,  that  innocence  and  Sim- 
was  the  last  disciple  of  the  illustrious  Galileo,  and  lived  plicity  of  manners  which  persons  commonly  preserve  who 
«fiih  bim  from  the  17th  to  the  20th  year  of  his  age.  After  have  less  commerce  with  men  than  with  books  ■  without 
the  death  of  his  great  master,  he  passed  two  or  three  years  thai  roughness,  and  a  certain  savage  fierceness,  which  tboM 
inOK  in  prosecuting  geometrical  studies  without  interrup-  often  acquire  who  have  only  to  deal  with  books  not  with 
*ion;  and  in  this  lime  it  was  that  he  formed  the  design  of  men.  ^e  -was  afikble,  modest,  a  steady  and  faithful 
Ins  ReslurBiionof  Aristeos.  This  ancient  geometrician,  friend,  and,  what  includes  many  virtues  in  one  he  was 
who  was  contemporary  with  Euclid,  had  composed  five  grateful  in  the  higheil  degree  for  favours  ' 
books  of  problems  De  Locis  Solidis,  the  bare  propositions  ULLAGE,  qf  a  Cast,  in  Gauging,  is  eo  much  as  it 
of  which  were  collected  by  Pappus,  but  the  books  are  wants  of  being  full. 

entirely  lost;  which  Viviani  undertook  to  restore  by  the  ULLOA  (Don  Ahtohio  de),  a  learned  Spaniard 

force  of  his  gemus.  was  born  in  1716,  and  died  in   1795.     His  progrew  in 

Be  discontinued  this  work,  however,  before  it   was  science  was  so  rapid,  that  at  the  age  of  'is  he  was  asso- 

finished,  in  order  to  apply  himself  to  another  of  the  same  elated  with  George  Juan  and  la  Condamine,at  the  instance 

kind;  and  that  was,  10  restore  the  5th  book  of  Apollo-  of  Louis  the  15th  of  France,  and  under  the  patronage  of 

wus's  Conic  Sections.     While  he  was  engaged  in  this,  the  the  king  of  Spain,  to  proceed  to  South  America,  to  make 

famous  Borelli  found,  in  the  library  of  the  grand  duke  of  observations  for  ascertaining  the  figure  of  the  earth      He 

Tuscany,  an  Arabic  ■manuscript,  with  a  Latin  inscription,  continued  in  America  till  174*,  when  returning,  he  was 

which  imported,  that  it  contained  the  8  books  of  Apollo-  taken  prisoner,  and  brought  to  England,  where  he  was 

nius's  Conic  Sections;  of  which  the  8th  however  was  not  elected  a  f.  r.s.     He  was  afterwards  made  governor  of 

I- i^  ,1,1 ;„^  ,„  T> Louisiana.     An  account  of  his  voyage  was  publbhed  at 


found  to  be  there.  He  carried  this  manuscript  to  Rome, 
in  order  to  translate  it,  with  the  assistance  of  a  professor 
of  the  Oriental  languages.  Viviani,  very  unwilling  to  lose 
the  fruits  of  his  labours,  procured  a  certificate  that  he 
did  not  understand  tbeArabiclanguage,  and  knew  nothing 
of  that  manuscript:  he  was  so  jealous  on  this  head,  that 
he  would  not  even  suffer  Borelli  to  send  him  an  account  of 
any  thing  relating  to  it.  At  length  he  finished  his  book, 
and  published  it,  1659,  in  folio,  with  this  title,  Dc  Maxi- 
s  &  Minimis  Geometrica  Divinatio  in  (juintum  Ci 


Apollonii  Perggei.     It 


Madrid  in  1/48,  in  5  vols.  4to. 

ULTERIOR,  in  Geography,  is  applied  to  some  part 
of  a  country  or  province,  which,  with  regard  to  the  real 
of  that  country,  is  situate  on  the  farther  side  of  a  river, 
ot  mountain,  or  other  boundary,  which  divides  the 
country  into  two  parts. 

ULTIMATE  Ratios.     See  Psime,  &e. 

ULTRAMUNDANE,  beyond  the  world,  is  that  part 


more  than  divined  ;  as  he  seemed  superior  to  Apollonias 
kimself. 

After  this,  Viviani. was  obliged  to  interrupt  his  studjes 
for  the  service  of  bis  prince,  in  an  affair  of  great  import- 
ance, which  was,  to  prevent  the  inundations  of  the  Tiber', 
in  which  Cassini  and  he  were  employed  for  some  time, 
though  nothing  was  entirely  executed. 

In  1664  he  had  the  honour  of  a  pension  from  Louis  the 
14lh,  a  prince  to  whom  he  was  not  subject,  nor  could 
indeed  be  useful.  In  consequence  he  resolved  to  finish 
his  Divination  on^Aristeus,  with  a  view  to  dedicate  it  to 
that  prince  ;  but  he  was  ii^errupted  in  this  task  again  by 
public  works,  and  some  uegociations  which  his  royal 
master  intrusted  to  him. — In  1666  he  was  honoured  by 
tha  grand  duke  with  the  title  of  hr-  " - 
He  resolved  thi 
all  the  mathi 


found  that  he  had  °{  *''*  ""'«rse  supposed  to  be  without  or  beyond  the  li- 
mits of  our  world  or  syitem. 

UMBILICUS,  and  Umbilical  Point,  in  Geometry, 
the  samoi  with  focus. 

UMBRA,  a  Shadow.  See  Liout,  Shadow,  Pbvuh- 
BR«,  &c. 

UNCIA,  a  term  generally  used  for  the  12th  part  of 
a  thing ;  in  which  sense  jt  ocean  in  Latin  writers,  both 
for  a  weight,  called  by  ui  an  ounce,  and  a  measure 
called  an  inch. 


UNCI£,  in  Algebfa,  first  used  by  Vieta,  are  the  mim- 
bers  prefixed  to  the  letters  in  the  terms  of  any  power  of 
a  binomial ;-  now  more  usually,  and  generally,  called  co- 
efficients. Thus,,  in  the  4th  power  o{  a  +  b,  vie,  a*  -^ 
4a*i  -*-  60*6'  ■+■  4at'  -t-  b\  the  uncia  are  1,  4,  6,  4,  1. 

Briggs  first  showed  how  to  find  these  uncis,  one  from 

which  had  been  proposed  to     another,  in  any   power,  independent  of  the  foregoing 
of  Europe,  and  dedicated  the     powers.     They  are  now  usually  found  by  what  is  called 


work  to  the  memory  of  Mr.  Chapelain,  under  the  title  of  Newton's  binomial  theorem,  which  is  the  same  rule  as 

Enodatio  Problematum  Sec. — He  proposed  the  problem  Briggs's,  but  in  another  ^rm.     See  Binohiai.. 

of  the  quadrable  spherical  surface,  of  which  Leibnitz  and  UNDECAGON,  is  a  polygon  of  eleven  sides. 

('Hospital  gave  solutions  by  the  Calculus  Differentialis.  If  the  tide  of  aiegular  undecagon  be  1,  its  area  will  be 
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9*3636399  ai  'V'  "  tug-  of  73'^  dqgtce*  t  and  theio-     then  tk«  <th ;  >ftM  «liieh,  the  croMing  of  die  motions 
fotaif  ttiis  numlwr  be  multiplied  bythviqUHeof  Iheaide     prennts  any  leiuible  cScct. 


of  any  other  regular  oDdecasoa,  the  product  will  be  tbe 
arcft  of  thM  undecagon.     See  my  Mennurelion,  pa.  Si, 
he,  4th  edit. 
UNDETEJIMINED,  it  sometimee  uied  for  iMceTEit- 

MINATE. 

UNDULATORY  Motion,  is  applied  to  a  motion  in  the 
ur,  by  which  its  parts  are  agitated  like  the  wavea  of  the 


This  is  illustrated,  a*  Galileo  first  suggested,  by  the 
pendulum;  which  being  set  a-moving,  the  motion  may 
be  continued  and  augmented,  by  making  frequent,  light, 
coincident  impulse*  ;  as  blowing  on  it  when  the  vibradon 
is  jnat  finished :  but  if  it  be  touched  by  any  croes  or  op- 
posite motion,  and  that  frequently,  the  motion  will  be 
opted,   anil  cease  altogether.     So,  of  two  unison 


sea'j  L  is  supposed  lo  be  the  case  when  the  strinj.  of  a     »^"°&'  '/  '''«  <»>«  be  forcibly  struck,  it  communicates 


mnsical  instrument  is  struck.  This  undulatory  motion  of 
the  air  is  supposed  the  matter  or  cause  of  sound.— In- 
stead of  the  undulatory,  some  authors  choose  to  call  ibis 
a  vibratory  motion. 

UNl^VKN  Mrniier,  the  same  as  odd  number,  or  such 
as  cannot  be  divi<)ed  by  S  withont  leaving  1  remaining. 
The  series  of  uneven  numbers  are  1,  3,  5,  7, 9,  he.  See 
Number,  and  Ooo  Number. 

UNFORMED  Sfor*,  are  such  as  were  not  contained 
in  the  coastellationi.  But  on  the  modem  celestial  globes, 
the  constellations  are  made  to  include  those  unformed 
stars. 

UNGULA,  in  Geometry,  is  a  part  cut  off  a  cylinder, 
craic,  Stc,  by  a  plane  passing  obliqoely  through  (he  base, 
and  part  of  the  curve  surface;  so  called  from  its  resem- 
blance to  the  (ungula)  hoof  of  a  horse  &c.  For  the 
contents  &c  of  such  ungulss,  see  my  Mensuration,  pa, 
161,  ic,  4th  edition. 

UNICORN,  in  Astronomy.    See  MowOcbho*. 

UNIFORM  or  Egtutble  Motion,  is  that  by  which  a 
body  passes  always  with  the  same  celerity,  or  over  equal 
spaces  in  equal  times.  SecMoTion. — In  uniform  mo- 
tions, the  spaces  described  or  passed  over,  are  in  the  com- 
pound ratio  of  the  times  and  velocities;  but  the  spaces 
ve  simply  as  the  limes,  when  the  velocity  is  given  ;  and 
UM  the  velocities,  when  the  time  is  given. 

UMtroKM  Matter,  in  Natural  I%iIosophy,  is  that 
vbicb  is  all  of  the  seme  kind  and  texture, 

UNISON,  in  Music,  is  when  two  sounds  are  exactly 
alike,  or  the  same  note,  or  tone.  What  constitutes  a 
•  unison,  is  the  equality  of  the  number  of  vibrations,  made 
in  the  same  time,  by  the  two  sonorous  boilies.^t  is  a 
noted  phenomenon  tn  music,  that  an  intense  sound  being 
raised,  either  with  the  voice  or  a  sonorous  body,  tinothcr 
sonoioui  body  near  it,  whose  tone  is  uther  unison  <or 
octave  to  that  tone,  will  sound  its  proper  note,  unison  or 
octave,  to  the  given  note.  The  experimei 
with  the  strings  of  two  instruments  ;  or  « 
harpeichord;  or  a  bell,  or  even  a  drinking-gh 

This  pkenometion  is  tlios  accounted  for :  One  string 
being  struck,  and  the  air  put  into  a  vibratory  motion  by 
it;  every  other  string,  within  the  reach  of  that  motion, 
will  receive  tome  impression  from  it :  but  each  string  can 


motion,  by  means  of  the  air,  to  the  other  ;  and  both  per- 
forming their  vibrations  together,  the  motion  of  that  other 
will  beimproved  and  beightenrd  by  the  frequent  impulses 
received  from  the  vibrations  of  the  first,  because  given 
precisely  when  the  other  has  finished  its  vibration,  and  b 
ready  to  return  :  but  if  the  ribrations  of  the  chords  be 
unequal  in  duration,  there  will  be  a  crossing  of  motions, 
more  or  leas,  according  to  the  proportion  of  the  inequa- 
lity; by  which  the  motion  oftbe  untouched  string  will  be 
so  checked,  as  never  to  be  sensible.  And  this  wc  find  to 
be  the  case  in  all  consonances,  except  unison,  octave, 
and  the  fifth. 

UNIT,  Unite,  or  Ukitv,  in  Arithmetic,  tbe  number 
one,  or  one  single  individual  part  of  discrete  quantity. 
Sec  NUJJBBR.— The  place  of  units,  is  the  first  place  on 
tbe  right  hand  in  integer  numbers. — According  to  Euclid, 
unity  is  nut  a  number,  for  he  defines  number  to  be  a  mul- 
titude of  units. 

UNITY,  the  abstract  or  quality  which  constitutes  or 
denorainalte  a  thing  one, 

UN1VE&S£,  a  collective  name,  signifyii^g  tbe  assem- 
blage of  beaven  and  earth,  with  all  things  in  them.  Tbe 
Ancients,  and  after  them  the  Cartesians,  imagine  the  uni- 
verac  to  be  infinite;  and  the  reason  they  give  is,  that  it 
implies  a  contradiction  to  suppose  it  finite  or  bounded; 
since  it  is  impossible  not  to  conceive  space  beyond  any 
limits  that  can  be  assigned ;  which  space,  according  lo 
tbe  Cartetiaite,  is  body,  and  consequently  part  of  the  ud>- 


UNLIKE  Suamiitiei,  in  Algebra,  are  such  as  are  es> 
pressed  by  diffierent  letters,  or  by  different  powers  of  tbe 
same  letter.  Thus,  a,  andfr,  and  a',  and  aJ>  are«ll  un- 
like quantities. 

Um  like  Sign*,  are  the  different  signs  -•-  and  — . 

UNLIMITED  or  Indetenninnle  Probttiu,  is  such  a  one 
as  admits  of  many,  or  even  of  infinite  answeis.  As,  to 
divide  a  given  triangle  into  two  equal  parts;  or  to  de- 
ls easily  tried  jcribe  a  circle  through  two  given  points.  See  Diopham- 
"  voice  and     time  and  Ikdeterminate. 

VOID  Space,  in  Physics.     See  Vacuum.^ 

VOLTAISM.orGALVAKissi.is  a  curiousand  import- 
ant branch  of  electricity,  depending  on  metallic  combina- 
tions first  accidentally  discovered  by  professor  Galvani, 
if  Bologna,  abaut  the  year  1790.    As  we  are  indebted  to 


only  move  with  a  determinate  velocity  of  reconrecs  or  that  gentleman  for  the  earliest  insulated  facts  which  paved 

vibrattotit ;  and  all  unisons  proceed  from  equal  vibra-  the  way  to  this  science  ;  so  it  appears  we  are  indebted  to 

tions;  and  other  concords  from  other  proportions  of  vi-  professor  Volta  for  their  explanation,  and  application  to 

bration.    The  unison  string  then,  keeping  equal  pace  with  purposes  of  real  utility  ;  and  to  sir  Humphry  Davy  for 

the  sounding  string,  as  having  the  same  measure  of  vibra-  the  grand  and  simple  law  of  nature  by  which  they  ope- 

lions,  miMt  have  its  motion  continued,  and  still  improved,  rate  in  ihe  production  of  effects. 


till  at  length  its  motion  become  sensible,  and  it  give  a 
distinct  sound.  Other  concording  strings  have  their  mo- 
tions propiu^ated  in  different'  de<(rees,  according  to  the 
frequency  of  the  coincidence  of  their  vibrations  with  those 
of  the  sounded  string:  the  octave  therefore  most  sensibly; 


For  a  history  of  the  ditovery  and  practice  uf  this  cu- 
nous  branch  of  electricity,  see  eur  article  Galvanism, 

VOLUTE,  in  Architecture,  a  kind  of  spiral  scroll,  and 
used  in  the  Ionic  and  Composite  capitals;  of  wbicb  it 
makes  the  priucipal  characteristic  and  omament. 
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VORT£X,QrWiliKLViND,inHBMon)log7,aiii4dea,  powwfuH  till  M  bngth  tb«y  were  bU  dotroyed,  and  re- 

rapiil,  viulent  motion  of  ihe  air,  in  circalar  whiriing  <ti-  caved  by  tkelargnciolar  vortex;  except  lomefew  which 

rcciion>.  were  throim  off  in  right  lines  frvm  one  voitcx  to  another, 

VoaTZx  is  alio  used  for  an  eddy  or  whirlpool,  or  a  body  and  so  became  comets, 

of  water,  in  certain  seas  and  rivere,  which  runs  rapidly  But  this  docirine  of  vortices  is,  at  best,  niereiy  bypo- 

round,  forming  a  sort  of  cavity  in  the  middle.  tbetiq^il.     It  does  not  pretend  to  show  by  uhat  laws  and 

'  VoRTix,  in  the  Ganesian  Philosophy,  is  a  system  or  means  the  celestial  motions  aro  effected,    so  mucli  as 

collection  of  particles  of  matter  moving  the  same  way,  and  by  what  mcsns  they  possibly  might,  in  case  it  should  have 

■bout  the  same  axis. — Sach  vortices  arc  the  grand  ma-  so  pleated  the  Creator.     But  we  have  another  principle 

chines  bywhich  tbcaephilosopfaersattempttoeolvemottof  which  accounts  for  lite  same  phenomena  as  well,  and  far 

the  motions  and  other  phenomena  of  the  heavenly  bodies,  better  than  that  of  vortices;  and  which  we  plainly  find 

And  accordin|(1y,  the  doctrine  of  these  vortices  makes  a  has  an  actual  existence  in  the  nature  of  thii^s  :  and  this 

great  part  of  the  Cartesian  philosophy.  is  gravity,  or  the  weight  of  bodies. 

The  matter  of  the  world  they  hold  to  have  been  di-  There  is,  in  the  Philosophical  TransactionB,  a  Phywco- 

vidcd  at  the  beginning  into  innumetable  small  equal  par-  roathematiCBl  demonstration  o!  the  impossibility  and  in- 

Itcles.eDch  endowed  with  an  equal  degree  uf  motion,  botb  sufficiency  of  vortices  to  account  for  the  Celestial  Phe- 

about  its  own  centre,  and  separately,  so  as  to  constitute  a  nomena;  by  Mons.  du  Sigome.     See  No.  4S7,  sect.  vi. 

fluid.     Several  systems,  orcollectioDS  of  this  matter,  tbey  pa.409  ct  seq. — This  author  endeavours  to  show,   that 

further  stale,  have  been  endowed  with  a  common  motion  the  mechanical  generation  of  a  vortex  is  impossiblej  and 

about  certHin  points,  as  common  centres^  placed  at  equal  that  it  has  only  an  axifugal  forci',  and  nut  a  centrifugal 

diMances,  and  that  the  matters,  noviog   round   these,  and  centripetal  one ;  that  it  is  not  sufficient  for  explain- 

composed  so  many  vortices.                  .  ing  gravity  and  its  properties ;    that  it  destroys  Kepler's 

Then,  the  primitive  particles  of  the  matter  they  sup-  astronomical  laws;  and  therefore  he  concludes,  with  New- 
pose,  by  these  intestine  motions,  to  become,  as  it  were,  ton,  that  the  hypothesis  of  vortices  is  fitter  to  disturb  than 
ground  into  spherical  figures,  and  so  to  compote  globules  explain  the  celestial  motions.  We  must  refer  to  the  dti- 
ol  divers  magnitudes ;  which  they  call  the  matter  of  the  sertalion  itself  for  the  proof  of  these  assertion).  SeeCAR- 
■Bcond  element:  and  tho  particles  rubbed,  or  ground  off  txsian  Philosopht. 

them,  to  bring  them  to  that  form,  they  call  the  matter  of  But  these  vortices  having  long  since  been  excluded  by 

the  first  element.     And  since  there  would  be  more  of  the  all  philosophers,  at  utterly  inconsistent  with  the  laws  and 

first  element  than  would  suffice  to  fill  all  the  vacuities  phenomena  of  the  univerve,  it  is  useless  to  dwell  longer 

between  the  globules  of  the  second,  they  suppose  the  re-  upon  them. 

maining  part  to  be  driven  towards  the  centreof  the  vortex,  VOSSIUS  (Gerard  John),  one  of  the  most  learned 
by  the  circular  motion  of  the  globules;  and  that  being  and  laborious  writers  of  the  l/lb  century,  was  of  a  con- 
there  amaxed  into  a  sphere,  it  would  produce  a  body  like  liderablc  family  in  the  Netherlands ;  and  was  bom  in 
the  sun.  1577,  in  the  Palatinate  near  Heidelberg,  at  a  place  where 

This  sun  being  thus  formed,  and  moving  about  its  own  his  father,  John  Vosaius,  was  minitter.  He  first  learned 
axis  with  the  common  matter  of  the  vortex,  would  neces-  Latin,  Grc^k,  and  Philosophy  at  Dort,  where  his  father 
sarily  throw  out  some  parts  of  its  matter,  through  the  had  settled,  and  died.  In  isgs  he  went  to  Leyden,  where 
vacuitiei  of  the  globules  of  the  second  eietneDt  constitute  he  farther  pursued  these  studies,  in  conjunction  with  ma- 
ing  the  vortex  ;  and  this  especially  at  such  places  as  arc  thematics,  in  which  science  ho  made  a  considerable  pro- 
farthest  from  its  poles ;  receiving,  at  the  same  time,  in,  gress.  He  became  master  of  arts  and  doctor  in  philoso- 
by  these  poles,  as  much  as  it  loses  in  its  equatorial  parts,  pky  in  15^8  ;  and  soon  after,  director  of  the  college  at 
And,  by  this  means,  it  would  be  able  to  carry  round  with  Dort ;  then,  in  l€l4,  director  of  the  theological  college 
it  those  globules  that  are  nearest,  with  Ibe  greater  velo-  jost  founded  at  Leyden  ;  and,  in  1618,  professor  of  elo- 
city ;  and  the  remoter,  with  less.  And  by  this  means,  quence  and  chronology  in  the  academy  there,  the  same 
those  globules  which  are  nearest  the  centre  of  the  tun,  year  in  which  appeared  his  History  of  the  Pelagian  Con- 
must  be  smallest ;  because,  wrra  they  greater,  or  equal,  troversy.  This  history  procured  him  much  odium  and 
they  would,  by  reason  of  their  velocity,  have  a  greater  disgrace  on  the  continent,  but  an  ample  reward  in  Eii{^ 
Cfintrifugal  force,  and  recede  from  the  centre.  If  it  land,  where  archbishop  Laud  obtained  leave  of  king 
should  happen,  that  any  of  these  snn-like  bodies,  in  the  Charles  the  1st  for  Vossius  to  hold  a  prebendary  in  the 
centres  of  the  several  vortices,  should  be  so  incrustated,  church  of  Canterbury,  while  he  resided  at  Leyden :  this 
■and  weakened,  as  to  be  carried  about  in  the  vortex  of  the  was  in  1639,  when  he  came  over  to  be  installed,  look  a 
true  sun ;  if  it  were  of  less  solidity,  or  had  less  motion,  doctor  of  laws  degree  at  Oxford,  an^  then  returned. — 
than  the  globules  towards  the  extremity  of  the  solar  In  1^33  he  was  called  to  Amsterdam  to  fill  the  chair  of 
vortex,  it  would  descend  towards  the  sun,  till  it  met  with  a  professor  of  history;  where  he  died  in  1649,  at  73  years 
globules  of  the  same  solidity,  and  susceptible  of  the  same  of  age;  after  having  written  and  published  as  many 
degree  of  motion  with  itself;  and  thus,  being  Gxed  there,  works  as,  when  they  come  to  be  collected  and  printed  at 
it  would  be  for  ever  after  carried  about  by  the  motion  of  Amsterdam  in  169^  &c,  made  6  volumes  folio,  writings 
the  vortex,  without  either  approaching  any  nearer  to  the  which  will  long  continue  to  be  reed  with  pleasure  and  pro- 
sun,  or  receding  from  it ;  and  so  would  become  a  planet,  fit.    The  principal  of  these  are,-^l.  Etymologicon  Linguc 

Supposing  then  all  this;  we  are  next  to  imagine,  that  Latinx. — 2.  De  Origine  St  Progressu  Idololatriffi. — 3.  Dc 

our  system  was  at  first  divided  into  several  vortices,  in  Historicis  GrRcis. — 4.  Dc  Historicis  Latinis. — S.  DeArte 

the  centre  of  each  of  which  was  a  lucid  spherical  body  ;  Grammatica. — 6.  De  Vitiis  Sermonis  &  Glossematis  La- 

and  that  some  of  theae,  being  gradually  incrustated,  were  tino-Barbaris. — 7-    Institutioncs    OratortEe. — S.    Institu- 

swallowed    up  by  others  which  were  larger  and  more  tioitcs  Poetics. — 9.  Art  Historica. — 10.  DcquatuorAr- 
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'tibiu  popularibus,  Giannnatice,  Gymnattice,  Mosicf^  h    De  ttpparentibiu  in  Luna  circulii;  Dioroa  Telluris  eoD- 


Graphice. — LL.  De- Pfailolo^a. — IS.  De  Uoivena  Ma- 
theieos  Natura  &  Coiutitutione. — 13.  De  Pbilosophia. — 
14.  De  Fbilosopborum  Sectis. — 15.  De  Veterum  Poeta- 
rum  Tecnporibus. 

Vossius  (Deris),  son  of  tbe  foregoing,  died  at  S3 
yean  of  age,  a  prodigy  of  learning,  whine  incnsant  Uudie* 
brought  on  him  so  immature  a  death.  There  are  of  hia, 
among  other  iraaller  pieces,  Notes  on  Cssar's  Commen- 
taries, and  on  Maimonides  on  Idolatry. 

Vossius  (Fkancis),   brother  of   Denis  and   son  of     the  span  of  the  arch  i  from 
Gerard  John,  died  to  1645,  after  having  published  a  Latin     made  larger  and  large 


n  a  naval  victory  gained  by  the  celebrated     that  they  may  tbu  bettei 


lather. 

Vossius  (Isaac),  was  the  youngest  son  of  Gerard 
John,  and  the  only  one  that  survived  liim.  He  was  boru 
at  Leyden  in  l6l8,  and  was  a  man  of  great  talents  and 
learning.  His  father  was  his  only  preceptor,  and  his 
whole  time  was  spent  in  study.  Hit  merit  recommended 
him  to  a  correspondence  with  queen  Christina  of  Sweden, 
who  employed  him  in  tome  literary  commissions.  At 
her  request,  he  mode  several  journeys  into  Sweden,  where 
he  had  the  honour  to  teach  her  the  Greek  language; 
though  she  afterwards  discarded  him  on  hearing  that  he 
intcndedlo  write  against  Salmasius,  for  whom  she  had 
a  particular  regard.  In  l663  he  recrived  a  handsome 
present  of  money  from  Louis  the  14th  of  France,  accom- 

EiDied  with  a  complimentary  letter  from  the  minister 
olbert.— lu- 1070  he  came  over  to  England,  wben  he 


gravia  ad  medium  tendere. 
VOUSSOIRS,  vault-stones,  are  the  stones  which  im- 
mediately form  the  arcb  of  a  bridge,  &c,  being  cut  some* 
what  in  the  manner  of  a  truncated  pyramid  or  wedge, 
their  under  sides  constituting  tbe  intiados,  to  which  their 
joints  or  ends  should  be  every  where  in  a  perpendicular 
direction. 

The  length  of  tbe  middle  voussoir,  or  key-slone,  and 

hich  is  the  least  of  all,  should  be  about  -^  or  ^h  of 

:e  thece  stones  should  be 

ny  down  ti>  the  impost; 


the  great  weight  whick 
rests  upon  them,  without  being  crushed  or  broken,  and 


n  1640, 
Van  Tromp. 

Vossius  (G^rakd),  brother  of  Deuis  and  Francis,  that  they  may  also  bind  tbe  firmer  together, 
and  son  of  Gerard  John,  wrote  Notes  upon  Palerculus,  To  find  the  just  length  of  the  voussoirs,  or  the  figure 
which  were  printed  in  l639.  He  was  one  of  the  most  of  the  extrados,  when  that  of  the  intradns  is  given ;  see 
learned  critics  of  the  17tb  century;  but  died  in  1040,  tbe  Principles  of  Bridges  in  my  Tracts,  or  Emerson's 
like  his  two  brothers,  at  a  very  early  age,  and  before  their     Construction  of  Arches,  in  his  volume  of  Miscellanies. 

URANIBURGH,  or  celestial  town,  the  name  of  a  ce- 
lebrated observatory,  in  a  castle  in  the  little  island 
Weenen,  in  thcSaund;  built  by  the  celebrated  Danish 
astronomer,  I'ychu  BrHhe,  who  furnished  it  with  instru- 
ments for  observing  the  course  and  motions  of  the  heavenly 
bodies. — This  oiiservatory,  which  was  finished  about  the 
year  15S0,Lad  not  subsisted  above  17  years  wbt'uTycho, 
who  little  thought  to  have  erected  an  edifice  of  su  short 
a  duration,  and  who  had  even  published  the  figure  and 
position  of  the  heavens  which  he  had  chosen  for  tbe  mo- 
ment  to  lay  the  first  stone  in,  was  obliged  to  abandon  bis 
country.  Soon  after  this,  the  persons  to  whom  the  pro- 
perty uf  the  island  was  given,  [(emolished  the  building: 
part  uf  the  ruins  was  dispersed  into  divers  places:  the 
rest  served  to  build  Tycho  a  handsome  scat  upon  bis  an- 
estatc,  which  to  this  day  bears  tbe  name  of  Urani- 


created  doctor  of  laws  at  Oxford,  and  king  Charles  the  burgh;  and  it  was  here  that  Tycho  ctHuposed  his  cata- 

2d  made  him  canon  of  Windsor ;    though  be  knew  his  logue  of  the  stars.     Its  latitude  is  S&°  54*  nonh,  and 

character  well  enough  to  say,  there  was  nothing  thatVos-  longitude  12°  47' east  of  Greenwich. 

sius  refused  to  believe,  excepting  the  Bible.     He  appears  M.  Picart,  making  a  voyage  to  Uraniburgh,  found  that 

indeed,  by  bis  publications, which  areneithersonumerous  Tycho's  meridian  line,  there  drawn,  deviated   from  the 

Jior  so  useful  as  his  father's,  to  have  been  a  most  credu-  Aieridian  of  the  world ;  which  seems  to  confirm  the-coiH 

lous  man,  while  be  afforded  many  circumstances  to  bring  jecture  of  some  penons,  that  the  position  of  tbe  meridian 

his  religious  faith  in  question.     He  died  at  his  lodgings  line  may  vary. 

in  Windsor  Castle,  in  1689;  leaving  behind  him  the  best  URANOUTIl;  the  same  as  Aerolite. 

private  library,  as  it  was  then  supposed,  in  the  world ;  URANLJS,  a  new  primary  planet,  discovered  by  Dr. 

which,  to  the  shame  and  reproach  of  England,  was  suf-  Herschel  at  Bath,  in  the  night  uf  March  13,  1781.     It  is 

fared  to  be  purchased  and  carried  away  by  the  university  sometimes  also  called  the  Georgian  Planet,  and  the  New 

of  Leyden.     His  publications  chiefly  were: — 1.  Periplus  Planet,  from  its  having  been  newly  or  lately  discovered, 

Scylacis-Caryandensis,  &c,  1639. — 2-  Justin,  with  Notes,  also  Herschel's  Planet,  from  the  name  of  its  discoverer, 

IMO. — 3.  Ignatii£pistal.i',&  Barnabee  Epistola,  l646. —  and  the  Planet  Herschel,  or  simply  HerscheL     Tbeplanet 

4.  Pomponiu*  Mela  de  Situ  Orbis,  1048. — 5.  Dissertatio  is  denoted  by  this  charactcT  Jf. 

de  vera  £late  Mundi,  &c,  l659.^-€.  De  Septuoginta  This  planet  is  tbe  remotest  of  all  those  tBat  are  yet 

Interpret! bus,  &c,  1661. — 7*  De   Luce,    l663. — 8.  De  known,  though  not  the  taigest,  being  in  point  of  magm- 

Molu  Harium  &  Ventorum.— d'  De  Nili  &  aliorum  Flu-  tude  less  than  Saturn  and  Jupiter.     Its  light,  says  Dr. 

minum    Origine. — 10.  Do  Poematum   Cantu  &  Viribus  Herschel,  is  of  a  blueisb-white  colour,  and  its  britlidocy 


Rytfami,  1673.— U.  De  Sibyllinis  aliisque,  quie  Chr 
nataUm  priecessere,  l679---l^-  Catullus,  &  in  eum 
IsoBci  Vossii  Observationes,  16S4. — 13.  Variarum  Ob- 
servationum  liber,  1685,  in  which  are  contained  the  fol- 
lowing pieces:  vii,  De  Aniiqux  BomK  &  aliarum  qua- 
Ttindam  Urbiuni  Magnitudine;  De  Artibus  6c  Scientiis 
Sinarum  ;  De  Origine  &  Progressu  Pulveris  Bellici  apud 
Europaros;    De  Triremium  Se   Liburnicarum  Coustruc- 


between  that  of  Venus  and  the  moon.  With  a  telescope 
that  magnifies  about  300  times,  it  appears  to  have  a  very 
well  defined  visible  disk  ;  but  with  instruments  of  a  small 
power,  it  can  hardly  be  distinguished  from  a  fixed  star  of 
between  the  6th  and  7ih  magnitude.  In  a  very  fine  clear 
night,  when  the  moon  is  absent,  a  good  eye  wiU  perceive 
it  without  a  telescope. 

From  theobservations  and  calculations  of  Dr.  Herschel 


lione;  De  Emendfttione  Langitudinum;  De  patefacienda    and  other  astronomers,  the  elements  and  dimensions  Aie 
per  Septentrionera  ad  Japonenses  &  Indos  Nevigatione ;    of  this  planet,  have  been  collected  as  below. 
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U  RS  C    : 

PUce  of  Itie  node     -     -     .    -     3'  11°  49'  SO" 
Place  of  tbe  sphelion  in  1795     11    23    33    55 
InclitiRtion  of  the  orbit  -     -     -    •       ■      43   35 
Time  of  the  perihelion  passage,  Sept.  7,  1799 
Excentricity  of  the  orbit     -    -     -     -8203 
Half  the  greater  axis     -    -     .      I^'OBIS  of  Earth's ditl. 
Revolution     -.---.-        83J  sidereal  yean 
Diameter  of  the  planet       -     .     -    S49I7  miles 
Propor.  of  diam.  to  the  eartl^'a     -  4*3177  to  1 
Its  bulk  to  the  earth's   -     -    -      80-4926  to  1 
lis  density  as       .-.---     '2204  to  1 
Its  quantity  of  matter    •     -     -      17'7406  to  I 
And  heavy  bodie^fall  on  its  surface  18  feet  8  inches  in 
e  second  of  time.     See  Plah&t,  &c. 


H    ]  V  U  L 

viz,  those  in  the  middle  of  his  body,  considered  as  the 
two  hiudermost  of  the  wain,  and  called  the  pointers,  be- 
cause they  always  point  nearly  in  a  direction  towards  the 
north  pole  star,  and  se  are  useful  in  finding  out  this  star. 

The  stars  in  Una  Major,  are,  according  to  Ptolemy's 
catalogue,  35 ;  in  Tycho'sd6;  in  Hevelius's  73;  but  in 
the  Britannic  catalogue  87- 

UnsA  Minor,  the  Little  Bear,  celled  also  Arctos  Minor, 
PhcEnice,  and  Cynosura,  one  of  the  48  old  constellations, 
and  near  the  north  pole,  the  large  star  in  the  tip  of  its 
tail  being  very  near  ti>  tt,  and  thence  called  the  pole-star. 

The  Pbcnicians  guided  their  navigations  by  iliis  con- 
stellsiion,  for  which  reason  it  was  called  Phenicf,  or  the 
Phenician  constellation.     It  was  also  called  Cynosura  by 


Dr.  H.  has  also  discovered  6  satellites  belonging  to  this     the  Greeks,  because  according  to  some,  that 
planet;    the  periodical  revolutions  of  which  are  com-     of  the  dogs  of  the  huntress  Caliisto,  or  the  Great  Bear; 
pleted  in  the  respective  times  following : — 1st,  5d  21h     but  according  to  others  Cynosura  was  one  of  lh<^  Idnan 


S5ro;  3d,  8d  17h  Ira  9sj  3d,  lOd  33h  4in;  4th,  13d 
llh  5m  2s;  5th,  38d  Ih  49m;  6th,  I07d  l6h  40m. 
>  The  orbits  of  these  satellites  maki-  very  large  angles  with 
the  ecliptic ;  and  it  has  been  asserted  that  their  real  mo- 
tion is  retrograde;  but  this  is  probably  an  optical  illu- 

URSA,  in  astronomy,  the  Bear,  a  name  comraon  to  two 
constellations  of  the  northern  hemisphere,  near  the  pole, 
distinguished  by  Major  and  Minor. 

UssA  Major,  or  the  Great  Bear,  one  of  the  48  old 
constellations,  and  perhaps  i 
the  others  ;   being  familiarly  k] 

oldest  writers,  and  is  mentioned  by  Homer  as  observed  by  He  afterwards  applied  himself  to  study  the^  languages; 
navigators.  It  is  supposed  that  this  constellation  is  that  and,  having  a  strong  genius,  made  a  rapid  progress  in 
mentioned  in  the  book  of  Job,  under  the  name  of  Chesil,  Greek  and  Latin.  He  quickly  learned  also  the  Frencb 
which  our  translation  has  rendered  Orion,  where  it  is  language,  the  mathematics,  astronomy,  and  philosophy; 
said,  "  Canst  ibou  loose  the  bands  of  Chesil  (Orion)  V  and  most  of  them  without  the  a<(£istance  of  a  master. 
It  is  farther  said  that  the  ancients  represented  each  of  Having  left  bis  native  country, hegained  a  maintenance 
these  two  constellations  under  the  form  of  a  waggon  by  teaching;  which  he  did  in  Denmark  in  1584,  and  on 
drawn  by  a  team  of  horses,  and  the  Greeks  originally  the  frontiers  of  Pamerania  and  Poland  in  1563.  It  was 
called  them  waggons  and  two  bears ;  they  are  to  this  day  in  this  place  that  he  invented  a  new  system  of  astronomy, 
popularly  called  the  wains,  or  waggons,  and  the  greater  very  little  different  from  that  of  Tycho  Brahi.  '1  his  ha 
of  ihem  Charles's  Wain.     Hence  is  remarked  the  pro-     communicated,  in''1586,  to  the  landgrave  iifHtsse,  which 


lymphs  that  nursed  the  infant  Jupiter 
ihatCHllisio  was  another  of  them,  and  that,  fur  their  care, 
they  were  taken  up  together  to  the  skies. — Ptolemy  places 
in  this  constellation  8  stars,  Tycho  7,  Hevelius  12,  and 
Flamsteed  24. 

URSUS(Nic>iolasRaimards),  a  very  extraordinary 
character,  and  distinguished  in  the  scitiice  of  astronomy, 
was  born  at  Henstedt  in  Dithmarsen,  in  the  ducby  of 
Holstein,  about  the  year  1550.  He  was  a  swineherd  in 
his  youth,  and  did  not  begin  to  read  till  he  was  18  years 
ancient  than  many  of  of  age;  but  then  he  employed  all  the  hours  be  could 
'  alluded  to  by  the     spare  from  his  daily  labour,  in  learning  to  read  and  write. 


priety  of  the  expression,  "  loose  the  bands  &c,"  the 
binding  and  loosing  being  terms  very  applicable  to  a  har- 
ness, ice. 

Perhaps  the  ^yptians,  or  whoever  else  were  the  people 
that  invented  the  constellations,  placed  those  stafs,  which 
are  near  the  pole,  in  the  figure  of  a  bear,  as  being  an 
animal  inhabiting  towards,  the  north  pole,  and  making 
neither  long  journeys,  nor  swift  motions.  But  the  Greeks, 
in  their  usual  way,  have  adapted  some  of  their  fables  to 
They  say  this  bear  was  Callisto,  daughter  of  Lycaon, 


terrible  dispute  between  him  and  Tycho. 
This  celebrated  astronomer  charged  him  with  being  a 
plagiary  ;  who,  as  he  related,  happening  to  come  with  bis 
master  into  his  study,  saw  there,  drawn  on  a  piece  of 
paper,  the  figure  of  his  system ;  and  afterwards  insolently 
boasted  that  he  himself  was  the  inventor  of  it.  Ursus, 
on  this  accusation,  wrote  furiously  Bsjainst  Tycho,  called 
the  honour  of  his  invention  in  qu<>stion,  ascribing  the 
system  to  Apollonius  Fergsus  ;  and  in  short  abused  him 
brutal  a  manner,  that  he  was  like  to  be  prosecuted 


king  of  Arcadia;    that  being  debauched  by  Jupiter,  he  forit.     Ursus  was  aftenvards  invited  by  the 

afterwards  placed  her  in  the  heavens,  as  well  as  her  son  teach  the  mathematics  in  Prague;  from  which  city,  to 

Arcturus.  avoid  the  presence  of  Tycho,  he  withdrew  silently  in 

TheGreeks  called  this  constellationArctosand  Hclice,  1589,  and  died  soon  after, 

from  its  turning  round  the  pole.      The  Latins  from   the  He  made  some  improvement  in  trigonometry,  and  wrote 


name  of  the  nymph,  as  variously  written,  Callisto,  Me- 
gisto,  and  Fleraisto,  aud  from  the  Arabians,  sometimes 
Feretrum  Majus,'  the  Great  Bier.  And  the  Ursa  Minor, 
they  called  Fcretrum  Minus,  the  LittleBier.  The  Italians 
'      c  followed  the  same  custom,  and  call  them  Catalet 


al  books,  which  discover  the  marks  of  his  hasty 
studies;  his  erudition  being  indigested,  and  his  style  in- 
correct, as  is  almost  always  to  be  observed  of  persons 
that  are  late-lcarncd. 

VULPECULA  «  Anskr,  theRs  and  Goose,  in  Astro- 


Tbey  spoke  also  of  the  Phenicians  being  guided  by  the    nomy,  one  of  the  new  constellations  of  the  northern  hemi- 

Lesser  Bear,  but  the  Greeks  by  the  Greater.  sphere,  made  out  of  the  unformed  sUrs  by  Hevelius,  la 

There  at«  two  remarkable  stars  in  this  constellation,    which  be  reckons  27  start ;  but  Flamsteed  counts  55. 
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^KX^AD,otWadi>iso,  ID  Gunnery,  a  Btopple  of  paper,  signed  with  his  own  name,  aad  loiMtinits  under  ccrUiti 

^^    bay,  straw,  old  rope-yaiti,  m  tow,  rolled  6rmly  up  Ac titioui  signatures,  as  G,  Celti,  F«Iix  M'Cntthy,  &c.       ^ 
like  «  ball,  or  a  Ghort  cylinder,  and  forced  into  a  gun  up         WAL1.IS  (Dr.  John),  an  emiitent  English  tnatberoa- 

lo  ihc  powder,  to  keep  it  close  in  the  chamber  ;  or  secure  tlcian,  was  [he  son  of  a  clergyman,  and  born  at  Ashford 

the  shot  from  rolling  out,  as  well  as,  according  to  some,  in  Kent,  Nov.  S3,  l6l6.     After  t>eing  iniiructcd,  at  diffe- 

to  prevent  the  inflamed  powder  from  dilating  around  tbe  rent  schools,  in  grammar  Earning,  in  Latin,  Greek,  and 

sides  of  the  ball,  by  its  windage,  us  it  p3s!>e«  along  the  Hebrew,  with  the  rudinents  of  logic,  music,  and  the 

chace,  which  it  was  thought  would  mucb  diminish  the  French  language,  he  was  placed  in    Emanuel    coUt^ 

effort  of  the  powder.     But,  from  the  accurate  experiments  Cambridge.     About  1640  be  enterril  into  orders,  and  was 

lately  made  at  Woolwich,  it  has  not  been  found  to  bave  chosen  fellow  of  Queen's  college,     lie  kept  bis  fellowship 

any  such  effect. .  till  it  was  vacaivd  by  his  marriage,  but  quitted  his  col- 

WADHOOK,  or  Worm,  a  long  pole  with  a  screw  at  1^  to  be  chaplain  to  sir  Richard  Darley ;  after  a  year 

the  end,  to  drxw  oat  the  wad,  or  the  clmrge,  or  paper  &c  spent  in  this  situation,  he  passed  two  more  as  chaplain  to 

from  a  gun.  lady  Vere.     While  he  lived  in  this  family,  fae  cultivated 

WAGGONER,   in   Astronomy,,  is    the   constellation  the  art  of  deciphering,  which  proved   very  useful  to  him  ■ 

Una  Major,  or  the  Great  Bear,  called  also  vulgarly  on  several  occasions :  be  met  with  rewards  and  prefer- 

Cbarles's  Wain.  ment  from  the  government  at  home  for  decipberiug  letters 

Wagooner  is  also  used  for   a  routier,   or   book  of  for  them  ;  and  it  is  said,  that  Che  elector  of  Brandenburg 

charts,  describing  the  seas,  their  coasts,  &c.  sent  hira  a  gold  chain  and  medal,   for  explaining  for  him 

Walks  [Wii-liax],  r.n.R.  by  his  natural  talents  and  some  letters  written  in  ciphers, 
close  application,  rose  from  a  low  situation,  liltle  con-         In  1643  he  published  Truth  TryedrOr  Ammadvenions 

nee  ted  with  learning,  to  some  of  the  lint  ranks  in  literary  on  Lord  Brooke's  treatise,  called  The  Nature  of  Truth 

pursuits.     We  observe  his  early  labours  in  the  correspon-  &c  ;  styling  himself  "  a  minister  in  London^  probAIy 

dence  of  the  Lndies'  Diary,  that  very  UMrful  little  «rork,  of  St.  Gabriel  Fenchurch,  the  sequestration  of  which  had 

which  has  formed  most  of  our  eminent  mathematicians,  been  granted  to  bitn. — In  1644  fae  was  chosen  one  of  the 

Here,  and  in  some  other  periodical  publications,  for  many  tcribes  or  secretaries  to  the  assembly  of  divines  at  WeM- 

years  is  obtervcil  the  gradual  improvement  of  Mr.  W.  in  minster. 


tbe  various  mathematical  sciences.     Mr.  W.  was  deemed  Academical  studies    being  much  interrupted  by  the 

a  fit  person  lo  be  sent  to  a  distant  country  (Hudson's  civil  wBn  in  both  the  universities,  many  leamnl  men 

Bay),  to  observe  the  transit  of  Venus  over  the  sun  1769;  from  them  resorted  to  London,  and  formed  aisemblic* 

mad  the  manner  in  which  he  discharged  ibat  trust  did  there.     Wallis  belonged  to  one  of  these,  tbe  membeia  of 

bwiour  to  his  talents.     On  his  return  he  communicated  which  met  once  a  week,  to  discourse  on  philosophical 

to  the  Rojal  Society  an  excellent  paper  of  observations  matters  ;  and  this  society  was  the  rise  and  bi^nning  of 

made  at  that  station,  which  was  inserted  in  their  Trans-  that  which  was  afterwards  incorporated  by  the  name  of 

actions,  vol.  for  1769 ;  and  the  yrar  following  came  out  the  Royal  Society,  of  which  Wallis  was  one  of  the  most 

bis  general  ohsirvations  made  at  Hudson's  Bay,  in  a  large  early  members. 

4to  volume.     Mr.  W.  next,  in  the  character  of  astrono-  The  Savilian  professor  of  geometry  at  Oxford  being 

roer,  accompanied  Capl.  Cook,  in  his  first  voyage,  1772 —  ejected  by  the  parliamentary  visitors,  in  lfi49,  Wallis  was 

1774;    and  again  in  bis  other  voyage  of  I77(i — 1779<  appointed  to  succeedhim, and  beopetied  hislecturesthere 

In  1777   came  out  his  Observations  on  a  voyage  with  tbe  samtf  year.     In  iSSO  ha  published  some  Animadver- 

C^fit.  Cook;  and  in  1778  Remarks  on  Dr.  Fonrer's  Ac-  sions  on  a  book  of  Mr.  Baxter's,  entitled,  "  Aphorisms 

count  of  tbt  Voyage,  in  which  he  showed  considerable  of  Justification   and  the  Covenant."     And  in    l653,  in 

talenta  as  a  controversial  writ«-.     Soon  after  bis  return  Latin,  a  Orammsr  of  the  English  tongue,  for  the  use  of 

from  the  last  voyage;  Mr.  W.  was  elected  a  r.  r.s.  where  foreigners;  to  which  was  added,  a  tract  Dl*  Loquela  seu 

fie  proved  a  very  useful  member ;  and,  on  the  death  of  Sonorum  Forroalione,  &c,  in  which  he  considers  philoso* 

Mr.  Daniel  Harris,  he  was  appointed  mathemeticat  master  phically  the  formation  of  all  sounds  used  in  articulate 

toChrist's  Hospital,  Ixindon;  and, someyears  after,  secre-  speech,  and  shows  bow  the  organs  being  put  inlo  certain 

tary  to  tbe  board  of  longitude;    both  which  offices  he  positions,  and  the  breath  forced  out  from  the  longs,  the 

held  till  the  time  of  his  death,  whicb  happened  in  1798,  person  will  thns  be  mude  to  speak,  whether  he  bear  him- 

at  about  64  years  of  age.  self  or  not.     Pursuing  these  reflections,-  he  was  led  to 

In  1781, Mr.  W.  publishedan  Enquiry  Jnto  theStateof  think   it  possible,  that  a  deaf  person  might  be  taught  to 

the  Population  in  England  and  Wales :  and  in  1794  his  speak,  by  being  directed  10  to  apply  the  organs  of  speech, 

treatise  on  the  Longitude  by  Timekeepers.     Mr.  W.  pub-  as  the  sound  of  each  letter  rcifuired,  which  children  learn 

lished  an  ingenious  restoration  of  one  of  the  lost  pieces  by  imitation  and  frequent  attempts,  rather  than  by  art. 

of  Apolionius  :    and   it  has  been  said  he  was  author  of  He  made  a  trial  or  two  with  success;  and  particularly  on 

one  of  the  dissertations  on  the  achronical  rising  of  the  one  Popbam,  which  involved  farm  in  a  dispute  with  Dr. 

Pleiades,  annexed  to  Dr.  Vincent's  Voyage  of  Nearchus,  Holder,  of  which  some  account  has  already  bean  given 

1797.     Besides  all  these,  Mr.  W.  wrote  some  ingenious  in  the  life  of  that  gentleman. 

papers  in  the  Philos.  Trans,  "and  in  various  periodical  In  l654  he  look  the  degree  of  doctor  in  divinity  ;  and 

publications,  particularly  the  Ladies'  Diaries,  sometimes  the  year  after  became  en^ged  in  a  Jong  controversy  with 
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Mr,  Hobbea.     Thii  philowpher  hftving,  k  l6SS,  prioted  genius.    Also  a  tnulcitude  of  papers  in  the  Phi los.  Tram. 

Irii  tmtiKe  DeCorpore  Philotophico,  Dr.  Wat  lis  t  be  same  in  almost  every  vuluioe,  from  the  1st  to  the25tk  volume. 

Sir  wrote  a  confumtion  of  it  Id  Latin,  under  the  title  of  In  1697,  the  curators  of  the  university  presa  nt  Oxford 

enchlH  (jCoinairiffi  Hobbiaoce  ;    tvfaick   m   provoked  thought  it  for  the  honour  of  the  university  to  collect  the 

Hobbes,  that  in  lb'3€  he  published  it  in  English,  with  the  doctor's  loBthematical  works,  which  had  been  printed  se- 

m  of  what  he  called,  "  Six  Lcaaona  to  the  Profmsom  parately,  some  in  Latin,  wnie  in  l^ngtish,  and  published 


of  Mathematics  in  Oxford."  Upon  this  Dr.  Wallii 
an  answer  in  English,  entitled,  "  Due  Correciion  for 
Mr.  Hobbea ;  or  School-discipline  for  not  saying  his  Lca- 
soiM  right,"  1^36 ;  to  which  Mr.  Hobbes  replied  in  « 
pamphlet  called  ■'  STIPMAI,  &c,  or  Marks  of  the  ab- 
surd tieometry,  Rural  Language,  Scottish  Church-poUiics, 
and  Barbarisint,  of  John  Wallis,  l6&7"  This  was  im- 
mediately r^Juinei)  to  by, Dr.  Wallis,  in  Hobbiani  Puucti 
Dispunctio,  1657.  And  here  this  controversy  seems  to 
have  ended,  at  this  time ;  but  ia  1661  Mr.  Hobbes 
printed  Examinatio  &  Emendatio' Mathematicorum  Ho- 
diernorura  iu  sex  Dialogis ;  which  occasioned  Dr.  Wallis 
to  puhlish  the  ne«t  year,  Hobbius  Heatitontimorumenos, 
addressed  to  Mr.  Boyle, 

In  IS57  our  author  collected  and  published  his  mathe- 
matical works,  in  two  parts,  entitled,  Mathesia  Universa- 
lis, in  4to;  and  in  1658,  Cotnniercium  Kpistolicum  de 
QutBstiombus  quibnsdain  Malhematicis  nuper  habitum, 
in  4to  ;  which  was  a  collection  of  letters  written  by  him- 
self and  many  learned  men,  as  Lord  Brounker,  Sir  Ke- 
nclm  Digby,  Fcrmat,  Schooten,  and  others. 

Wallis  wHa  this  year  chosen  Custos  Archivorum  of  the 
university.  On  this  occagioii  Mr.  Stubbe,  who,  on  ac- 
count of  his  friend  Mr.  Hobbes,  had  before  waged  war 
also  against  Wallis,  publishfd  a  paraplilet,  entilleS,  "  Tb* 
Savilian  Professor's  .Case  Stated,"  1658.  Dr.  Wallis  re-  on 
plied  to  this:  and  Mr,  Stubbe  republished  his  casct  with  sui 
enlargements,  and  a  vindication  against  the  exertions  of 
Dr.  Wallis. 

On  theRestoration  it  appears  he  met  with  great  retpect ; 
the  Icing  thinking  favourably  of  blm  on  account  of  some 
services  he  had  done  both  to  himself  and  his  father 
Charles  the  first.  He  was  therefore  onfirmed  in  his 
places,  also  admitted  one  of  the  kine's  chaplains  in  ordi- 
nary, and  appointed  one  of  the  divines  empowered  to  re- 
'  e  Book  of  Common  Prayer.     He  complied 


thcro  all  together  in  Latin,  iu  3  vols,  tblio,  1699. 

Dr.  Wallis  dii-d  at  Oxford  the  88th  of  October,  17O8, 
in  the  tJSih  year  of  his  age,  leavin<<  behind  him  one  son 
and  two  daughters.  We  are  infofmed  that  he  was  of  a 
vigorous  coustitulion,  and  of  a  mind  which  was  strong, 
calm,  serene,  and  not  easily  ruffled  or  discomposed.  He 
speaks  of  himself,  in  his  letter  to  Mr.  Smith,  in  a  strain 
which  shows  him  to  have  been  a  very  cautious  and  pru- 
dent man,  whatever  his  secret  opinions  and  aliachmente 
might  be :  he  concludes,  "  It  hath  been  my  endeavour 
ali  along  to  act  by  moderate  principles,  being  willing,- 
wltatcver  side  was  uppermost,  to  promote  any  good  design, 
for  the  true  interest  of  religion,  of  learning,  and  of  the 
public  good." 

WALM£SLI::Y(CHAaLBS),D.D.  F.H.8.  wosanEnglisk 
Benedictine  monk,  and  a  Roman  Catholic  bithop;  also 
senior  bishop  and  vicar  apostolic  ef  the  western  district, 
as  well  as  doctor  of  theology  in  the  Sorbonne.  He  died 
at  Bath  in  1797,  in  the  7t>lh  year  of  his  age,  and  the 
41st  of  hit  episcopacy.  Dr.  W.  was  the  last  survivor  of 
those  eminent  maihcroaticians,  who  were  concerned  in 
regulating  the  chronolt^cal  style  in  Kngland,  which  pro- 
duced a  change  of  the  stylo  in  this  country,  in  the  year 
1752.  Besides  some  ingenious  astronomical  essays  in  the 
Philos.  Trans,  be  published  several  separate  works,  bolii 
maihemalics  and  theology;  as,  l.Analyqv  dcs  Me- 
es  des  Rapports  et  des  Angles,  4to,  1749;  being  an 
extension  and  explanation  of  Cotes's  Harmonia  Menaurs- 
rum.  9.  Theorie  du  Monument  des  Apsides,  8vo,  1749. 
3.  De  Infcqualilatibus  Motuum  Lunarium,  4to,  1758. 
An  explanation  of  the  Apocalypse,  Ecekiel's  Vision,  &c : 
By  the  fire  at  Bath  at  the  time  of  the  Hots,  several  valuable 
manuscripts^  which  he  bad  been  compiling  during  a  well- 
spent  life  of  labour,  and  travelling  through  many  coun* 
iriet,  were  irretrievably  lost. 

WARD  (Dr.  Seth),  an  English  prelate,  chiefly  hraous 


terms  of  the  act  of  uniformity,  and  continued  a  steady     for  his  knowledge  in  mathematics  and  astronomy,  was  the 
conformist  till  bis  death.     He  was  a  very  useful  member     son  of  an  attorney,  and  born  at  Buntiagford,  Hertford- 


of  the  Royal  Society  ;  and  krpt  up  a  literary  correspond- 
ence with  many  learned  men.  In  1670  he  published  his 
Mechanica;  sive  de  Mutu,  4to.  In  IS76  he  gave  an 
edition  of  Archimedis  Syracusani  Arenarius  St  Dimensio 
Circuli ;  and  in  168S  he  published  from  the  manuscripts, 
Claudii  Ptolomtei  Opus  Harmonicum,  in  Greek,  with  a 
Latin  version  and  notes  ;  to  which  he  afterwards  added. 


shire,  in  1617  or  I6I8.  From  bcnce  be  was  removed 
and  placed  a  student  in  Sidney-college,  Cambridge,  ia 
1633.  Here  be  applied  with  great  vigour  to  his  studies^ 
particularly  to  the  mathematics,  and  was  chosen  fellow 
of  his  college.  In  l€40  he  was  pitched  upon  by  the  vice- 
chancellor  to  be  prsevaricator,  which  at  Oxford  is  called 
terrce-filius;  whose  office  it  was  to  make  a  witty  speech. 


Appendix  de  veterum  Harmonica  ad  hodiernam  compa-  and  to  laugh  at  any  thing  or  any  body  :  a  privilege  which 

rata,  &c.     In  l€85  he  published  some  theological  pieces ;  he  exercised  so  freely,  that  the  vice-chancellor  actually 

and,  about  1690*  was  engaged  in  a  dispute  with  the  Uni-  su^nded  him  from  his  degree;  though  he  reversed  the 

tarians;    also,  in    l6^,    in  another  diipute  about  the  censure  the  day  following. . 

sabbath.     Indeed  his  books  on  subjects  of  divinity  are  The  civil  war  now  breaking  out.  Ward  was  involved 

very  numerous,  but  nothing  near  so  important  as  his  ma-  not  a  tittle  in  the  consequences  of  it.     He  was  ejebted 

themaiical  works.  from  bis  fellowship  for  ri^using  the  Covenant;  against 

In  1(>85  be  published  his  History  and  Practice  of  Al-  which  he  soon  after  joined  with  several  others,  in  drawing 

gebra,  in  folio;  a  work  replete  with  learned  and  useful  up  that  celebrated  treatise,  which  was  afterwards  printed, 

matter.     Bosides  the  works  above-mentioned,  he  pub-  Being  now  obliged  to  leave  Cambridge,  he  resided  for 

lished  many  others,  particularly  his  Arithmetic  of  liifi-  some  time  with  certain  friends  about  London,  and  atother 

nites,  a  book  of  genius  and  good  invention,  and  perhaps  timesatAldbury  in  Surrey,  with  the  noted  mathematician 

almost  his  only  work  that  is  so,  for  he  was  much  more  Oughtred,  where  he  proseculed  his  mathematical  studies, 

distinguished  for  his  industry  and  judgment,  than  for  his  He  afterwards  lived  for  the  most  part,  till  1649,  with  Mr. 


yv^oogle 
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Ralpb  Freeman  at  Aspenden  in  Heitfordebire,  whose  sons  yet  be  considered  as  equable  as  to  angular  velocity,  or  with 

be  inetTUCted  as  tbeir  preceptor ;  after  wbicb  he  resided  ao  uuiforra  circular  motion  mund  the  upper  focus  of  the 

iOtnc  months  with  lord  Weninan,  of  Thame  Park,  in  Ox-  ellipse,  or  that  next  the  aphelion,  as  a  centre.     By  this 

fordshire,  means  he  rendered  the  praxis  of  calculation  much  easier 

He  had  not  been  Iting  in  ibis  family  before  the  visita-  than  any  that  coold  be  used  in  resolving  wbat  has  been 

tion  of  the  university  of  Oxford  began ;    the  effect   of  commonly'  called  Kepler's  prob^m,  in  which  the  coequate 

which  was,  that  many  learned  and  eminent  persons  were  anomaly  was  to  be  immediately  investigated  from  that  of 

tamed  out,  and  among  them  Mr.  Greaves,  the  Savilian  the  mean  elliptic  one.     His  hypothesis  agrees  pretty  well 


with  those  orbits  which  are  elliptical  but  in  a  -very  small 
iegree,  as  that  of  the  Earth  and  Venus :  but  in  others, 
that  are  more  elliptical  orexcentrie,  as  those  of  Mercury, 
Mars,  &c,  Ibis  approximation  stood  in  need  of  a  correc- 
s  made  by  Bulliald.  Both  the  method,  and 
the  correction,  are  I'ery  well  explained  and  demonstrated, 


professor  of  Astronomy :  this  gentleman  laboured  to  pro- 
cure Ward  for  his  successor,  whose  abilities  as  en  astro- 
nomer were  universally  known  and  acknowledged;  am 
effected  it ;  Dr.  Wallis  succeeding  to  the  Geometry  pro 
fessorship  at  the  same  time.  Mr.  Ward  then  entered  him- 
self of  Wadham  college,  for  the  sake  of  Dr.  Wilkin  , 

was  the  warden;  and  be  lost  no  tine  in  bringing  the  by  Keill,  in  this  Astronomy,  lecture  24. 
astronomy  lectures,  which  had  long  been  neglected  and  WARGENTiN  (Pbtea),  an  ingenious  Swedish  roathc- 
disused,  into  repute  again ;  and  for  this  purpose  he  read  malician  and  astronomer,  was  bom  SepL32,  1717i  and 
them  very  constantly,  never  missing  one  reading  day,  dur-  died  Dec.  13,  1783.  He  became  secretary  to  the  Aca- 
itig  the  time  he  held  the  lecture.  demy  at  Stockholm  in  1749,  when  he  was  only  32  years 

In  1654,  both  the  Savilian  professors  did  their  exercises,  of  age ;  and  he  became  successively  a  member  of  moat  of 
in  order  to  proceed  doctors  in  divinity;  and  when  they  tbc  literary  academies  in  Europe,  as  Lundon,  Paris,  Pe- 
were  to  be  presented,  Wallis  claimed  precedency.  This  tersburg,  Gottingen,  Upsal,  Copenbagen,  Drontheim,  &c. 
occasioned  a  dispuie;  which  being  decided  in  &vour  of  In  this  country  be  is  probably, most  known  on  account  of 
Ward,  who  was  really  the  senior,  Wallis  went  out  grand     his  tables  for  computing  the  eclipses  of  Jupiter's  satel- 


Compounder,  and  so  obtained  the  priority.  In  l€59, 
Ward  was  chosen  president  of  Trinity  college  ;  hut  was 
obliged  at  the  Restoration  to  resign  that  place.  He  bad 
recompense  made  him,  however,  by  being  presented  in 
1660  to  the  rectory  of  St.  Laurence  Jewry.  The  same 
year  he  was  also  installed  precentor  of  the  church  of  Exe- 
ter. In  1661  he  became  fellow  of  the  Royal  Society, 
and  dean  o(  Exeter;  and  the  year  following  be  was  ad- 
Tanccd  to  the  bishopric  of  the  same  church.     In    \667 

he  was  translated  to  the  see  of  Salisbury  :  and  in  I67I  died,  August  15,  179S,  in  the  sixty-third  year  of  his  age. 
was  made  chancellor  of  theorder  of  the  garter;  an  honour  After  his  early  education  at  that  place,  he  was  sent  to 
which  he  afterwards  procured  to  be  permanently  annexed  Magdalen  college,  Cambridge,  in  1753.  Hcie  his  talents 
to  the  see  of  Salisbury,  after  it  had  been  held  by  laymen  fur  abstruse  calculations  soon  distinguished  bim  ;  so  that, 
for  above  150  years.  '  on  taking  his  first  degree,  in  17^7,  be  was  ranked  as  senior 

Dr.  Ward  was  one  of  those  unhappy  persons  who  have  wrangler,  or  the  first  student  of  the  year,  Mr,  John  Jebb 
the  misfortune  to  survive  their  senses,  which  happened  in  being  the  second  on  the  list.  The  Lucasian  professorship 
consequence  of  a  fever  badly  cured  :  he  lived  till  the  Re-  of  mathematics  in  the  university  becoming  vacant,  by  the 
volution,  but  without  knowing  any  thing  of  the  matter;     death  of  Mr.  John  Colson,  in  175p,  Mr.  W.  was  elected 


lites,  wbicb  are  annexed  to  the  Nautical  Almanac  of 
1779-  I  know  not  that  he  has  published  any  separate 
work  ;  but  his  communications  were  very  numerous  to 
several  of  those  Academies  of  which  he  was  a  member ; 
as  the  Academy  of  Stockholm,  in  which  arc  52  of  his 
memoirs ;  in  the  Philosophical  Transactiuns,  the  Upsal 
Acts,  the  Paris  Memoirs,  &c. 

WARING   (Edward),  u.d.  and   F.a.s.    was  bom 
about  the  year  173t>,    near  Shrewsbury,  were  also   he. 


d  died  in  January  i689,  about  71  years  of  age. 
was  the  author  of  several  Latin  works  in  astronomy  and 
different  parts  of  the  mathematics,  which  were  thought 
cotcellent  in  their  day;  but  their  use  has  been  superseded 
by  later  improvements  and  the  Newtonian  philosophy. 
Some  of  these  were, 

1.  A  Philosophical  Essay  towards  an  Eviction  of  (he  of  St.  John's  college 
Being  and  Attributes  of  God,  &c.l6'59.— 2.  DeCometia,  "  "" 
ice;  4to,  1653. — 3^  In  Ismaelis  Buliialdi  Astronomia 
Inquisitio;  4to,  1653^-4.  Idea  Trigonomelrix  demon- 
Mratse;  4to,  1654. — 5.  Astronomia  Geometrica;  8vo, 
1^56.  In  this  work,  a  method  is  proposed,  by  which 
the  astronomy  of  the  planets  is  geometrically  resolved, 
either  on  the  Elliptical  or  Circular  motion;  it  being  in 
the  third  or  last  part  of  this  work  that  he  proposes  and 
explains  wbat  is  called  Ward's  Circular  Hypothesis. — 
«.  Exercitaiin  epistolica  inThomffi  Hobbii  Philosophiam, 
ad  D.  Joannem  Wiikins;  1656,  8vo. 

But  that  by  which  he  has  chietly  signalized  himself,  as 
to  Bstronoaucal  invention,  is  his  celebrated  approximation 
to  the  true  place  of  a  planet,  from  a  ^ven  mean  anomaly, 
founded  on  an  hypothesis,  that  the  motion  of  a  planet, 


to  that  office  in  Jan.  1760.  On  this  occasion  s 
markable  circumstances  took  place.  Before  bis  electjon, 
Air.  W.  gave  a  small  specimen  of  his  abilities,  as  a  proof 
of  his  fitness  for  that  office,  by  the  publication  of  the  first 
chapter  of  bis  Miscellanea  Analyiica.  This  specimen 
was  attacked,  and  his  election  opposed,  by  Dr.  Powell, 
liege,  with  the  view  of  serving  bis  friend 
Mr.  Maseres  fthe  present  cursitor  baron  of  the  excbequer), 
then  a  candidate  also  for  the  vacant  professorship.  This 
opposition  produced  several  curious  pamphlets  between 
the  two  parlies,  by  Dr.  Powell  and  Mr.  Masereson  the 
one  side,  and  by  Mr,  Waring,  assisted  by  his  friend  Mr. 
Wilson  (afterwards  one  of  the  judges,  sir  John  Wilson), 
on  the  other  side  ;  which  however  ended  in  the  success 
and  election  of  the  latter. 

In  1769  Mr.W.  published  complete  his  Miscellanea 
Anatytica,  one  of  the  most  abstruse  books,  written  oa 
the  absirusest  parts  of  Algebra;    which    might  at  least 

have  the  effect  of  extending  the  author's  title  to  ingenuity. 

Mathematics  however  did  not  ei^gross  the  whole  of  bis 
attention  :  he  could  allow  some  part  of  his  lime  to  the 

itudy  of  medicine ;  and  in  17^7  be  was  admitted  to  the 


though  it  be  really  performed  in  an  elliptic  orbit,  may     degree  of  m.  d.  though  he  never  after  practised  at  aphy< 
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Mciaii.     Mathematics  Bgain  engaged  his  chief  attention,  iGtttceDtary.Iliitrae.BBweareipfonned,  in  the  histoiy  of 

and  he  Bucctssively  produced  a  number  of  pieces,  of  a  like  Charlei  ttie5th,  that  a  watch  was  presented  to  that  prince; 

abstruse  kind  as  ihe  former;  several  of  which  were  in-  but  this  was  probably  no  more  than  a  Icind  of  clock  to  be 

sened  in  different  voliimes  of  the  Philos. Trans.,  and  some  wt  on  a  table :  some  resemblance  of  which  we  have  still 

be  published  in  separate  works;  as,  the  Meditationes  Ana-  remaining  in  the  ancient  pieces  made  before  the  year  167O. 

lytic^,  in  1770;    the  Proprietates  Algebraicarum  Curva-  Some  accounts  also  state,  the  first  watches  were  mad*  at 

Tum,  in  1773;  and  the  Meditationes  Analytics,  in  1776-  Nuremberg  in    1500,    by  Peter  Hell,   aad   were  called 

To  these  might  be  added  a  worit,  written  in  his  retire-  Nuremberg  eggs,  on  account  of  their  oval  form.    And 
ment,  on  morals  and  metaphysics;  of  which  a  few  copies 
only  were  printed,  and  presented  to  his  friends.     As  niso 
a  pamphlet  published  at  Cambridge,  in  which  algebraic 
quantities  are  translated  into  probable  relations,  and  some 

theorems  on  probabilities  thence  deduced.     In  the  samo  gens  that  the  glory  of  this  excellent  invention  lies ;  but 

pamphlet  are  farther  added  some  new  propositions  on  which  of  them  it  properly  belongs,  has  been  greatly  dis- 

chances,  on  the  values  of  lives,  on  survivorships,  &c.  puted;  the  English  ascribing  it  to  the  Ibrmer,  and  the 

Most  of  these  essays  give  proofs  of  the  strong  powers  French,  Dutch,  &c,  to  the  latter.     Derham,  in  liis  Arti- 

of  the  author's  mind,  both  in  abstract  science,  and  its  ap-  ficial  Clockmaker,  says  positively,  that  Dr.  Hooke  woi 

plication  to  philosophy:  though  they  labour,  in  common  the  inventor;  and  adds,  that  he  conCrii 


farther,  that  the  same  year,  George  Purhach',  a  natheaai- 
tician  of  Vienna,  employed  a  watch  that  pointed  to  w 
cojids,  for  astronomical  obsetrations,  which  was  probablj 
kind  of  clock.     In  effect,  it  is  between  Hooke  and  Hny- 


vith  his  other  works,  under  the  disavantage  of  being  cgn- 
veyed  in  a  very  unattractive  form. 

In  his  disposition  and  character.  Dr.  W.  is  represented 
as  of  inflexible  integrity,  great  modesty,  plainness,  and 
simplicity  of  manners  ',  of  a  meeknera  and  a  diffidence  of     and  the   spring 
mind  to  such  a  degree,  as  to  be  always  embarrassed  before     thod 


of  regulation  :  one  was  with  a  loadstone  ;  another 
with  a  tender,  straight  spring,  ona  end  of  which  played 
backward  and  forward  with  the  balance ;  so  that  the 
balance  was  to  the  spring  as  the  ball  of  a  pendulunl, 
the  rod  of  the  same :  a  third,  mc- 
balancei,  of  which  there  were  di*en 


strangers.     His  extreme  short-sightedness  too,  joined  to  kinds  ;  some  having  a  spiral  spring  to  the  balance  for  a  re- 

the  natural  want  of  order  and  method  in  his  mind,  vbich  gulator,  and  others  without.     But  the  way  that  prevuled, 

appeared  remarkably  even  in  his  band-writing,  rendered  and  which  still  continues  in  mode,  was  with  one  balance, 

his  mathematical  compositions  so  confused  and  embar-  and  one  spriag  running  round  the  upper  part  of  the  verge 

rassed,  that  in  manuscript  they  were  often  utterly  inex pi i-  of  it:  though  this  has  a  disadvantage,  which  those  wit^ 

cable :  a  circumstance  which  may  account  for  the  nn-  two  springs,  &c  were  free  from ;  in  that,  a  sndden  jerk,  or 

mcrojis  typugruphical  errors  in'hts  publications.  confused  shake,  will  alter  its  vibrations,  and  disturb  it  veij 

Besides  the  works  before-mentioned,  Dr.  Waring  gave  much.                   1 

a  number  of  valuable  papers  to  the  Philosophical  Trans-  The  time  of  these  inventions  was  about  the  year  1658 ; 

actions  of  the  Royal  Society.  as  appean,  among  other  evidences,  from  an  inscription  on 

WATCH,  a  small  portable  machine,  or  movement,  for  one  of  the  double-balance  watches  presented  l«  king 
measuring  time;  having  its  motion  commonly  regulated  Charlesthesecond,  viE,Rob.Hookein*en.  l€dfi.  T.Tom- 
by  a  spiral  spring.  Perhaps,  strictly  speaking,  watches  pion  fecit,  [675.  The  invention  soon  came  into  repute 
are  all  such  movements  as  show  the  parts  of  time ;  as  both  at  home  and  abroad  ;  and  two  of  the  machines  were 
clocks  are  such  as  proclaim  them,  by  striking  on  a  bell,  sent  for  by  the  dauphin  of  France.  Soon  after  this,  M< 
6cc.  But  commonly,  the  term  watch  is  appropriated  to  Huygens's  watch  with  a  spiral  spring  got  abroad,  and  ex- 
such  as  are  carried  in  the  pocket ;  and  clock  to  the  large  cited  uncommon  interest  in  England,  as  if  the  longitude 
movements,  whether  they  strike  the  hour  or  not.  conld  be  found  by  it.     It  is  certain  however,  that  this  in- 

^ring  or  Pendulum  Watchek  stand  on  much  the  vention  was  later  than  the  year  l675,  when  his  book  De 

same  principle  with  pendulum  clocks.     For  if  a  pendu-  Horol.  Oscillat.  was  published  ;  in  which  thetv  is  no  meiK 

'  lum,  describing  small  circular  arcs,  make  vibrations  of  tiooof  this,  though  he speaksof  several  other  contrivances 

unequal  lengths,  in  equal  limes,  it  is.  because  it  describes  in  the  same  way. 

the  greater  arc  with  a  greater  velocity;  so  a  spring  put  in  Onc^f  these  the  lord  Brounker  sent  for  from  France, 

notion,  and  making  greater  and  lets  vibrations,  as  it  is  where  M.  Huygens  obtained  a  patent  for  them.     This 

more  or  less  strong,  and  as  it  has  a  greater  or  less  degree  watch  agreed  with  Dr.  Hooke's,  in  the  application  of  the    ' 

of  motion  given  it,  performs  them  nearly  in  equal  times,  spring  to  the  balance ;  only  that  of  Huygens  had  a  longer 

Hence,  as  the  vibrations  of  the  pendulum  had  been  ap-  spiral  spring,  and  its  pulses  and  beats  were  much  slower; 

plied  to  large  clocks,  to  rectify  the  inequality  of  their  also  the  balance,  instead  of  turning  quite  round  as  Dr. 

motions  ;  so,  to  correct  the  unequal  motions  of  the  ba-  Hooke's  did,  turned  several  times  every  vibration.     Huy- 

lance  in  watches,  a  spring  is  added,  hy  the  isochronism  gens  also  invented  divers  other  kinds  of  watches,  some  of 

of  whose   vibrations    the  correction   is   to  be  effected,  ifaem  without  any  siring  or  chain  at  all,  which  he  called 

The  spring  is  usually  wound  into  a  spiral;  that,  in  the  j>endulum  watches. 

little  compass  allotted  it,  it  may  be  as  long  as  posuble ;  Mr.  Derham  suggests  that  he  suspects  Huygens's  tancy 

and  may  have  strength  enough  not  to  be  mastered,  and  was  first  set  to  work  by  some  intelligence  he  might  have  of 

displaced  by  the  inequalities  of  the  balance  it  is  to  regv  Hookt/s  invention  from  Mr.  Oldenburg,  or  some  other  of 

late.     The  vibrations  of  the  iwo  parts,  vis,  the  spring  and  his  correspondents  in  England:  though  Mr.  Oldenburg 

the  balance,  should  be  of  the  same  length  ;  but  so  ad-  vindicates  himself  against  that  charge,in  the  Philos.  Trans, 

justed,  as  (hat  the  spring,  being  more  regular  in  the  length  Nos.  1 18  and  I29< 

of  its  vibrations  than  the  balance,  may  occasionally  coRf  Watches,  since  their  first  ioTenMon,  have  gone  on  in  a 

Rinnicate  its  precision  to  the  latter.  continued  conrse  of  improvement,  and  they  have  lately 

TTk  Imentum  qf  Sprmg  or  Pocket  Wat<Att,  is  due  to  the  been  bronght  to  great  perfection,  both  in  England  and  in 
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France,  but  more  espedally  the  foriDer,  particuUrly  owing  municated  to  tlic  wbMl  cc  j  then'  by  meuu  of  the  toetb, 

to  the  great  encouragement  that  hu  been  pven  to  them  to  the  pinion  c,  which  carries  the  wheel  d  ;  then  to  the 

by  the  boBTd  of  longitude.     Some  of  the  chief  writers  and  pinion  d,  which  carries  the  wheel  E  ;  then  to  the  pinion  e, 

improvers  of  waiches,  are,  Le  Roy,  Cumraini,  Harrison,  which  carries  ihu  wheel  f  ;  then  lo  the  pinion  /,  upon 

Mudge,  Emery,   and  Arnold.     See  Derham's  Artificial  which  is  the  balance-wheel  o,  whose  pivot  runs  in  the 

Clockmaker  ;  Curomins's  Principle*  of  Clock  and  Welch  piece  a,  culled  the  potance,  and  b  called  a  fuliower,  which 

work;  Mudge'»  Thoughls  on    the  Means  trf  improving  are  fixed  oii  the  plaie  fig.  5.     This  plate,  of  which  only  a 

Watches,  &c.  P"^  "  represented,  is  applied  to  that  of  fig,  3,  in  such  h 

Strihug  Watches,  are  such  as,  beaides  the  proper  manner,  that  the  pivots  of  the  wheels  enter  into  holes  made 

watch  part,  for  measuring  time,  have  a  clock  part,  for  in  the  plaie  fig.  3.     Thus  th^' impressed  forceof  the  spring 

striking  the  houtj,  &.c.     These  are   real  clocks ;    only  ii  communicated  lo  the  wheels ;  and  the  pinion/  licing 

moved  by  a  spring  instead  of  a  weight;  and  are  properly  then  connected  to  ihe  wheel  t,  obliges  it  to  turn  (fig.  7). 

called  pocket-clocks.  This  wheel  acts  on   the  pallats  of  the  verge  1,  2.  Cfig.4) 

Reptatmg  Watches,  are  such  as,  by  pulling  a  string,  the  axis  of  which  carries  the  balance  uh  (fig.  4).     The 

tec,  repeat  the  hour,  quarler,  or  minute,  at  any  time  of  pivot  i,  in  tbecndof  the  verge,  enters  into  the  hole e in  the 

the  day  or  night. — This  repetition  was  the  invention  of  potance  a  (fig.  5).     In  this  figure  the  pallats  are  repre- 

Mr.  Barlow,  being  first  put  in  practice  by  him  in  larger  tented  ;  but  the  balance  is  on  ihe  other  side  of  tLc  plate, 

movements  or  clocks,  about  the  year  lerfi.     The  contri-  as  may  be  seen  in  fig.  1 1.     The  pivot  3  of  the  balance  en- 

vance  immediately  set  the  other  artists  to  work,  who  soon  ters  into  a  hole  of  the  cock  bc  (fig.  iO},  as  represented  in 

devised  many  ways  of  eSecting  the  same.     But  its  appli-  fig.  12.     Thus  the  balance  turns  between  the  cock  and 

cation  to  pocket-watches  was  not  known  before  king  James  the  potance  e  (fig.  5),  as  in  a  kind  of  cage.    The  action  of 

the  second's  reign;  when  the  ingenious  inventor  above  the  balance-wheel  upon  the  pallats  I,  '2,  (fig.  4]  is  the  same 

mentioned  was  soliciting  a  patent  for  it.     The  talk  of  a  with  that  of  ihesamc  wheel  in  the  cluck  ;  i.  e.  in  a  watch 

patent  engaged  Mr.  Quare  to  resume-the  thoughts  of  a  the  balance-wheel  cauites  lhet>alance  to  wbrate  backwards 

like  contrivance,  which  he  had  in  vi^w  some  years  before :  and  forwards  like  a  pendulum. 

he  now  effected  it ;  and  being  pressed  to  endeavour  to  pre-  At  each  vibrationof  the  balance  a  pallat  allows  a  tuoib 

vent  Mr.  Barlow's  patent,  a  watch  of  each  kind  was  pro-  of  the  balance- wheel  to  escape;  so  that  the  quickness  of 

daced  before  the  king  and  council;  on  trial  ofwhicb.the  the  motion  of  the  wheels  is  entirely  determined  by  the  ce- 

preference  was  given  to  Mr.Quare's.    The  difference  be-  lerity  of  ihe  vibrations  of  the  balance,  and  these  vibrations 

tween.  ibem  was,  that.  Barlow's  was  made  to  repeat  by  of  the  balance  end  motion  of  the  wheels  arc  produced  by 

pushing  in  two  pieces  on  each  side  the  watch-box  ;  one  of  the  action  of  the  spring, 
which   repeated  the  hour,  and.  the  ojher  the  quarter 


whereas  Qaare's  was  made  to  repeat  by  a  pin  that  stuck 
out  near  the  pendant,  which  being  thrust  in  (as  is  now 
done  by  forcing  in  the  pendant  itself)  repeated  both  the 
hour  and  quarter  with  the  same  thrust. 

Of  the  Mechmitm  qf  a  Watch. 


But  the -quickness  or  slowness  of  (be  vibrations  of  the 
twiance  depends  not  solely  on  the  action  of  the  great 
spring,  hut  chiefly  on  the  action  of  the  spring;  abc,  called 
the  spiral  spring  (fig.  13)  situated  under  the  balance  u, 
and  represented  in  (fig.  11)  ;  the  e.\tcriurend  ul  the  spiral 
is  fixed  to  the  pin  n  (fig.  13).  Tliis  pin  is  applied  near  the 
plate  in  a  (fig.  11);   the  interior  end  of  the  spiral  is  fixed 


Watches,  as  well  as  clocks,  are  composed  of  wheels  and  by  a  peg  to  the  centre  of  the  balance.     Hence  if  tbi 

pinions,  with  a  r^ulatorto  direct  the  quickness  or  slow-  lance  be  turned  upon  itself,  the  plates  remaining  iremove- 

nen  of  the  wheels,  and  of  a  spring  which  communicates  able,  tbe  spring  will  extend  itself,  and  make  the  balance 

motion  lo   the  whple   machine.     But  the  regulator  and  perform  one  revolution.      Now,  after  the  spiral  is  thus  ex- 

spriog  of  a  watch  are  vastly  inferior  to  the  weight  and  tended,  if  the  balance  be  left  to  itself,  the  elasticity  of  the 

pendulum  of  a  clock,  neither  of  which  can  be  employed  spiral  will  bring  back  the  bait 
in  watches.     Instead  of 


L  pendulum,  therefore,  they  i 
obliged  to  use  a  balance  (pi.  40,  fig.  4)  to  direct  the.  mo- 
tion of  a  watch  ;  and  of  a  spring  (fig.  6),  which  serves,  in- 
stead of  a  weight,  to  give  motion  to  the  wheels  and  ba- 
lance. 

The  wheels  of  a  watch,  like  those  of  a  clock,  are  placed 
in  a  frame,  formed  of  two  plates  and  four  pillars.     Fig.  3. 


ilternatc  vibrations  of  the  balance  are  produced. 

In  fig,  7  all  the  wheels  above  described  arc  represented 
in  such  a  manner,  that  we  may  easily  perceive  at  first  sight 
how  the  motion  is  communicated  from  the  barrel  to  the 
balance,  , 

In  fig.  8  are  represented  the  wheels  under  the  dial-plate, 
by  which  the  hands  are  movtd.    The  pinion  a  is  made  to 


of  the 


represents  the  inside  of  a  watch,  after  the  plate  (fig.  5)  is     fit  tight  on  tbe  prolonged  pivot  of  the  wheel  D  (fig.  7),  and 
~  ■    .,     ,        11-1         .  ■      .1  -      ,,-        .       ,,   .  ,^,  .      heel  revolves  in  an  hour. 

u  a,  upon  which  the  mi- 

juare;  me  pinion  (fig.  8)  is  indent- 

hich  is  carried  by  the  pinion  a. 

ma  barrel,  into  the  cavity  of  wbich 

s,  and  on  which  it  turns  freely.     Tbii 

12  hours,  and  carries  along  with  it  the 


!s  called  acannon 
The  end  of  the  ax 
nute  hand  is  fixed, 

wheel  £, 


taken  o9'.  a  is  tbe  barrel  which  contains  the  spring  (fig, 
6)  ;  the  chain  is  rolled  about  the  barrel,  with  one  end  of 
fixed  to  ihe  barrel  a,  and  the  other  to  the  fusee'  a. 

When  a  watch  is  wound  up,  the  chain  which  was  upo 
the  barrel  winds  about  the  fusee,  and  by  this  means  the  Fig.  9  is  a  wheel  fixed 
spring  is  stretched  ;  for  the  interior  end  of  the  spring  is  the  pinion  a 
fixed  by  a  spring  U>  the  immoveable  axis,  about  which  the 
barrel  revolves;  the  exterior  end  of  the  spring  is  also 
fixed  lo  the  inside  ofthc  barrel,  which  turns  upon  an  axis. 
It  i>  there  easy  to  perceive  how  the  Spring  extends  itself, 
and  how  its  elasticity  forces  the  barrel  to  turn  round,  and 
Xinsequently  causes  the  chiun  which  Is  upon  the  fusee  to 


hour>hand. 

WATER,  inP!iyBiology,aclear,  insipid,  and  colon  ribss 

fluid,  coagulableinto  a  transparent  solid  substance,  called 

ice,  when  placed  in  a  temperature  of  32°  of  Fahrenheit's 

ilalile  and  fluid  in  every  de- 


unfold  and  turn  Die  fusee ;  tbe  nwtion  of  the  fusee  is  com-    gree  of  heat  above  ihatj  and  when  pure,  or  freed  from 
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heterogeneous  particles,  it  reckoned  one  of  the  ftrar  elc-  tible.  Among  innumerable  insttncei,  bartohotn,  kept  40 
incnis.  ycara,  and  turned  ai  h&rd  and  dry  as  any  metal,  lo  that 
By  some  late  experiments  of  Messrs.  Lavoisier,  Watt,  it  will  yield  sparki  of  fire  when  struck  against  a  flint,  yet 
Cavendiih,  Priestley,  Kirwan,  &c,  it  appears,  that  water  being  put  into  a  glass  vessel^  and  distilled,  will  afford  fth 
consists  of  depbli^isticatvd  air,  and  inflammable  air  or  part  of  its  quantity  of  water.  Bones  dead  and  dried  25 
phlogiston  intimately  united ;  or,  as  Mr,  Watt  conceives,  years,  and  thus  become  almost  as  hard  as  iron,  yet  by  dis- 
of  those  two  principles  deprived  of  part  of  their  latent  tillation  have  yielded  half  their  neigbt  of  water.  Aai 
heat.  And  in  aomc  instances  it  appears  that  air  and  wa-  the  hardest  stones,  ground  and  distilled,  always  discover 
ler  are  mutually  convertible  into  eicb  other.  Thus,  Mr.  a  portion  of  it.  But  hitherto  no  experiment  sEows,  that 
Cavendish  (Philos.  Trans,  to).  74,  pa.  138}  recites  several  water  enters  as  a  principle  into  the  combination  of  me- 
experiroents,  in  which  he  changed  common  air  into  pure  talltc  matters,  or  even  into  that  of  vitrescible  stones, 
uater,  by  decomposing  it  in  cuiijuactiun  with  ikflamma-  From  such  considerations,  philosophers  have  been  led 
ble  air.  Dr.  Priestley  likewise,  having  decomposed  de-  to  hold  the  opinion,  that  all  things  were  made  of  water, 
plilc^isticated  and  inflammable  air,  by  tiring  them  toge-  Basil  Valentine,  Paracelsus,  Van  Helmont,  and  olhen 
ther  by  the  electric  explosion,  found  a  manifest  decompo-  have  maintained,  that  water  is  the  elemental  matter  or 
sition  of  water,  which,  as  nearly  as  he  could  judge,  was  stamen  of  all  things,  and  suffices  alone  for  the  produc- 
equal  in  weight  to  that  of  the  decomposed  air.  He  also  tion  of  all  the  visible  creation.  Thus  loo  Newton  :  "  All 
made  a  number  ofothercuriousexperiments,  which  seemed  birds,  beasts,  and  fiiibes,  insects,  trees,  and  vegetables, 
to  favour  the  idea  of  a  conversion  of  water  into  air,  with-  with  their  several  parts,  do  grow  out  of  water,  and 
out  absolutely  proving  it.  The  difliculty  which  M.Deluc  watery  tinctures,  and  salts;  and  by  putrefaction  they  all 
and  olhen  have  found  in  expelling  all  air  from  water,  is  return  again  to  watery  substances."  And  the  same  doc- 
best  accnuntcil  for  on  the  supposition  of  the  generation  of  trine  is  held,  and  confirmed  by  experiments,  by  Van  Het- 
air  from  water;  and,  admitting  that  the  conversion  of  wa-  mont,  Boyle,  and  others. 

tcr  into  air  is  effected  by  the  intimate  union  of  what  is  But  £<r.  Woodward  endeavours  to  show  that  the  whole 
called  the  principleof  heat  wiib  the' water,  it  appears  <uf-  is  a  mistake. — Water  containing  extraneous  corpuscles, 
'  'ficiently  analogous  to  other  changes,  or  rather  combina-  some  of  which,  according  to  him,  are  the  proper  matter- 
tions,  of  substances.  Is  not,  says  Dr.Pricstley,  the  acid  of  nutrition  ;  the  water  being  still  found  to  afibrd  so  much 
of  nitre,  and  also  that  of  vitriol,  a  thing  as  unlike  to  air  the  less  nourishment,  the  more  it  is  purified  by  distilla- 
as  water  is,  their  properties  being  as  remarkably  different  f  tion.  So  that  water,  as  such,  does  not  teem  to  be  the 
And  yet  it  is  demonstrable  that  the  acid  of  nitre  is  con-  proper  nutriment  of  vegetables ;  but  only  the  vehicle 
vertible  into  the  purest  rcspirahle  air,  and  probably  by  the  which  contains  the  nutritious  particles,  and  carries  them 
union  of  the  same  principle  of  heat.  Philos.  Trans,  vol.  along  with  it,  through  all  the  parts  of  the  plant. 
73,  pa.  414  &c.  Helmont  however  carries  his  system  still  farther,  and 
Indeed  there  seems  to  be  water  in  all  bodies,  and  parti-  imagines  that  ail  bodies  may  be  reconverted  into  water, 
cles  of  almost  all  kinds  of  matter  in  water  ;  so  that  it  is  His  alkahest,  he  affirms,  adequately  resolves  plants,  ani- 
hardly  ever  sufficiently  pure  to  be  considered  as  an  ele-  mals,  and  minerals,  into  one  liquor,  or  more,  according 
ment.  W.iter,  if  it  could  be  had  alone  and  pure,  Boer-  to  their  several  internal  differences  of  parts ;  and  the  al- 
haave  argues,  would  have  all  the  requisites  of  an  element,  kahest,  being  abstracted  again  from  these  liquors,  in  the 
and  be  as  »imple  as  tire ;  but  there  is  no  expedient  hitherto  same  weight,  and  with,  the  same  virtues,  as  when  it  dii- 
(liscovered  for  procuring  it  so  pure.  Rain  water,  which  solved  them,  the  liquors  may,  by  frequent  cohobatlotu 
seems  the  purest  of  all  those  we  know  of,  is  replete  with  from  cbalk,  or  some  Other  proper  matter,  be  totally  de- 
inliniie  exhalations  of  all  kinds,  which  it  imbibes  from  the  prived  6f  their  seminal  endowments,  and  at  last  return  to 
air :  so  that,  if  filtered  and  distilled  a  thousand  times,  their  first  matter ;  which  is  itisipid  water, 
there  still  remain  Tceces.  Besides  this,  and  the  numl>erless  Spirit  of  wine,  of  all  other  spirits,  seems  freest  from 
impurities  it  acquires  after  it  is  raised,  by  mixing  with  all  water  :  yet  Helmont  affirms,  it  may  be  so  united  with 
sorts  of  effluvia  in  the  atmosphere,  and  by  falling  upon  and  water,  as  to  become  water  itself.  He  adds,  that  it  is  ma- 
running  over  the  earth,  houses,  and  other  places.  There  tcrial  water,  only  under  a  sulphureous  disguise.  And  ths 
is  also  tire  contained  in  tW  water ;  as  appears  from  ils  same  thing  heobserves  of  all  salts,  and  of  oils,  which 
fluidity,  which  is  owing  to  fire  alone.  Nor  can  any  kinds  may  be  almost  wholly  changed  into  water, 
of  filtering  through  aand,  stone,  &c,  free  it  entirely  from  tio  itandard  for  the  Weight  and  Purity  qf  V/atkrt— 
salts  &c.  Nor  have  all  the  experiments  that  have  been  Water  hardly  ever  continues  two  moments  exactly  of  ths 
invented  by  the  philosophers,  ever  been  able  to  derive  wa-  same  weight ;  by  reason  of  the  air  and  fire  contained  in 
ter  perfectly  pure.  Hence  Boerhoave  says,  that  he  is  con-  iL  The  expansion  of  water  in  boiling  shows  what  effect 
vinced  no  person  ever  saw  a  drop  of  pure  water  ;  that  the  the  diflerent  degrees  of  lire  have  on  the  gravity  of  water, 
utmost  of  its  purity  known,  only  amounts  to  its  being  free  This  makes  it  difficult  to  fix  the  specific  gravity  of  water, 
from  this  or  that  kind  of  matter;  and  that  it  can  never,  in  order  to  settle  its  degree  of  purity.  However,  the 
for  instance,  be  quite  deprived  of  sail ;  since  air  will  al-  purest  water  we  can  obtain,  according  to  the  experiments 
ways  accompany  water,  and  air  always  contains  salt.  of  Hawikbeej-is  850  times  heavier  than  atmospheric  air: 
Water  seems  lo  be  diffused  everywhere,  and  to  be  pre-  or  according  to  the  exjperiments  of  Mr.  Cavendish,  the 
sent  in  nil  space  wherever  there  is  matter.  There  are  thermumeterbeing  at  50  and  ihe  baromelerat39j,Bbout 
hardly  any  bodies  in  nature  but  what  will  yield  water:  800  times  as  heavy  as  air:  and  according  lo  the  experi- 
it  is  even  asserted  that  fire  itself  is  not  without  it.  A  ments  of  sir  Cieo.  Shuckburgh,  when  the  barometer  is  at 
single  grain  of  the  fiery  salt,  which  in  a  moment's  time  2g-27  and  the  thermometir  at  53°,  water  is  836  times 
will  penetrate  through  a  man's  hand,  readily  imbibes  half  heavier  than  air ;  whence  also  may  be  deduced  this  geoe- 
its  weight  of  water,  and  melts  even  iu  the  driest  ur  pos-  ral  proportion,  which  may  be  accounted  a  ttandard ,  nM, 
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tkat,  when  Ifae  barometer  is  at  30°  uid  the  thermometer 
at  S5°,'  then  water  is  8S0  time*  beaiier  than  air ;  also 
that  in  such  a  >U(c  the  cubic  foot  of  water  weighs  1000 
oances  avoirdupois,  and  ihat  of  air  1'222,  or  I|  nearly, 
alio  that  ol'  mercury  13600  ounces ;  and  for  other  plates 
of  the  ttiennomi'ter  and  barometer,  tbe  allowance  is  afcer 
tbi*  rate,  vie,  that  the  column  of  mercury  in  the  barometer 
thfita  its  lei^th  by  the  10  thousandth  part  of  itself  for  a 
change  ofcach  single  degree  of  ti-mperature,  i 
changes  by  ^gjuv  P*ft  of  ii 
each  degree  uf  the  aame.  IIoi 
exact  itandard  ij 
'  than  air,  the  mo 
luavier  of  course  n 
ble  part  of  the 
from  the  « 


magnitude    by 
■t  any  very 


ich  hei 


r  there  is  contained  in  the  air,  the 
the  air  be ;  as  indeed  a  considera- 
eight  of  the  atmosphere  seems  to  arise 
t  is  contained  In  it. 

Proptriui  and  Effeeu  of  Water— Water  is  a  very  vo- 
latile body.  It  is  entirely  reduced  into  vapours  and  dis- 
sipated, when  exposed  to  the  action  of  fire  and  uncon- 
fined. 

Water  hcttted  in  an  open  TCssel,  acquires  no  more  than 
a  certain  determinate  degree  of  beat,  whatever  be  the  in- 
tensity of  tbe  fire  to  which  it  is  exposed  ;  which  greatest 
degree  of  heat  is  when  it  boils  violently! 

It' has  been  found  that  the- degree  of  beat  necessary  to 
make  water  boil,  is  variable,  ' 

according,  to  the  purity  of  tbe 
water  and  the  weight  of  the 
atmosphere.  The  annexed  ta- 
ble shows  the  degree  of  heat 
at  which  water  boilit,  at  vari- 
ous heights  of  the  barometer, 
being  a  medium  between  those 
restilting  from  the  experiments 
of  sir  Geo.  Sbuckburgh  and  M. 
Deluc. 

Water  is  found  tbe  most  pe- 
netrative of  all  bodies,  after 
fire,  and  the  most  difficult  to 
confine;  passing  through  lea- 
ther, bladden,  &c,  which  will 

confine  air ;  making  its  way  gradually  through  woods ; 
and  i(  only  rclainableinglassand  metals;  nay  it  wasdeter- 
mined  by  experiment  at  Florence,  that  when  shut  up  in 
a  spherical  vessel  of  gold,  which  was  pressed  with  a  great 
force,  it  made  its  way  through  the  pom  even  of  the  gold 
itself. 

Water,  by  this  penetrative  quality  alone,  may  he  in- 
ferred to  enter  the  composition  of  all  bodies,  both  vegt- 
table,  animal,  fossil,  and  even  mineral ;  with  this  particu- 
lar circumstance,  that  it  is  easily,  and  with  a  gentle  heat, 
separable  again  from  bodiei  it  had  united  with. 

And  yet  the  tame  water,  as  little  cohesive  as  it  is,  and 
as  easily  separated  from  most  bodies,  wilt  cohere  firmly 
with  some  othere,  and  bind  them  together  in  the  moit  solid 
masses;  at  in  the  tempering  of  earth,  or  ashes,  clay,  or. 
powdered  bones,  &c,  with  water,  and  then  dried  and  burnt, 
when  the  masses  become  hard  as  stones,  though  without 
the  water  they  'would  be  mere  dust  or  powder.  Indeed 
it  appears  wonderful  that  water,  which  is  otherwise  an 
almost  universal  dissolvent,  should  nevertheless  be  a  great 
Coagulator, 

Some  have  imagined  that  water  it  incompressible,  snd 
therefore  non-elastic;  founding  their  opinion  on  the  cele- 
brated Floreotine  experiment  above  mestiooed,  with  the 
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globe  of  gold  ;  when  the  water  being,  as  they  say,  ince- 
pable  of  condensation,  rather  than  yield,  transuded 
through  tbe  pores  of  the  metal,  so  that  tbe  ball  was 
found  wet  all  over  the  outside  ;  till  at  length  making  a  ■ 
cleft  in  the  gold,  it  squirted  out  with  great  vehemence. 
But  the  truth  of  the  conclusions  drawn  from  this  Floren- 
tine experiment  has  been  very  justly  questiuned  ;  Mr, 
Cantun  having  proved  by  accurate  experiments,  that  water 
is  actually  compressed  even  by  the  weight  of  the  atmo- 
tphere.     See  Compkession. 

Besides,  the  diminution  of  sixc  which  water  auffeis 
when  it  passes  to  a  less  degree  of  beat,  sufficieplly  shows 
that  the  particles  ol  ibis  fluid  arc,  like  those  of  all  other 
known  substances,  capable  of  approaching  nearer  tc^e- 
ther. 

X>iick  Water,  is^ofien  used  as  an  object  for  the  micro- 
scrope,  and  seldom  fails  lo  afford  a  great  variety  of  ani- 
malcules; often  appearing  of  a  grecni&h,  reddish,  or  yel- 
lowish colour,  from  the  great  multitudes  of  them.  And 
to  the  samb  cause  is  to  be  ascribed  the  green  bkim  on  the 
surface  of  such  water.  Dunghill  water  is  also  full  of  an 
immense  crowd  of  animalcules. 

FreA  WATEa,  is  said  of  that  which  is  insipid,  or  with- 
out salt,  and  inodorous;   being  the  natural  and  pure  stale 

Hard  WATEa,  or  Crttde  Watek,  is  thai  in  which  soap 
docs  nut  dissolve  completely  or  uniformly,  but  is  curdled. 
The  dissolving  power  of  hard  water  is  less  than  that  of 
toft ;  and  hence  its  unfitness  for  washing,  bleaching,  dye- 
ing, boiling  kitchen  vegetables,  fitc.  The  hardness  of 
water  may  arise  cither  Irom  salts,  or  from  ga>.  lliat 
which  ariaes  from  salts,  may  be  discovered  anil  remedied 
by  adding  some  drops  of  a  solution  of  fixed  alkuli,--  but 
the  latter  by  boiling,  or  exposure  lo  the  open  air. — Spring 
waters  are  often  hard  ;  but  river  water  soft.  Hard  waten 
are  remarkably  indisposed  to  corrupt  ;  they  even  pre- 
serve putresciblc  substances  for  a  considerable  length  of 
time  :  hence  they  seem  to  be  best  fitted  fi)r  keeping  at  sra, 
especially  as  ibey  are  so  easily  softened  by  a  little  alkaline 
salt. 

Putrid  WATEa,  ii  that  which  hat  acquired  an  offensive 
smell  and  taste  by  the  putrescence  of  animal  or  vegeta- 
ble substances  contained  in  it.  This  kind  of  water  is  in 
the  highest  degree  pernicious  to  the  human  constitution, 
and  capable  of  bringing  on  mortal  diseases  evL-n  by  its 
smell.  Quicklime  put  into  water  is  useful  to  preserve  it 
longer  sweet;  or  even  exposure  to  the  air  in  broad  shal- 
low vessels.  And  putrid  water  may  be  in  a  great  mea- 
sure Sweetened,  by  passing  a  current  of  fresh  ait  through 
it,  from  bottom  to  top. 

Rait^  Water  may  be  considered  as  the  purest  distilled 
water,  but  impregnated  during'its  passage  through  the 
air  with  a  considerable,  quantity  of  putrescent  matter; 
whence  it  is  superior  to  any  other  in  fertiliiing  the  earth. 
Hence  also  it  is  inferior  for  domestic  purposes  to  spring 
or  river  watt-r,  even  if  it  could  be  readily  procured: 
butsuchaeis  obtained  from  spouts  placed  below  the  roo& 
of  houses,  the  common  way  of  procuring  it  in  this  coun- 
try, is  evidently  very  impure,  and  becomes  putrid  in  a 
short  time. 

Rifer  or  Rmming  Water,  is  next  in  purity  to  snow  or 
distilled  water;  and  for  domestic  purposes  superior  to 
both,  in  having  less  putrescent  matter,  and  more  tixed 
air.  That  however  is  much  the  purest  that  runs  over  a 
clean   rocky  or  stony  bottom.     River  waters  generally 
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putrefy  sooner  than  tho»e  of  springs.     During  tbe  putre-  veiseli.ia  the  poul,  vr  river,  are  meatured  with  the  corn- 

(uctioti,  they  throw  off  a  part  of  their  heterogeneous  mat-  bushel  heaped  up ;  or  else  5  striked  pecks  are  allowed  to 

t«r,  and  at  length  become  &w^et  again,  and  purer  than  at  the  bushel.     This  is  called  water- laeasure ;  and  it  exceeds 

first ;  aftET  which  they  comiiionlj   preserve  a  luug  time  :  Wtochcsier  measure  by  about  3  gallons  iu  the  bushel. 

this  is  remarkably  the  case  with  ihe  Thames  water,  laLco         W ATEh.-!HicTOicope.     See  Microscope. 

up  about  Londcin  ;  which  is  commonly  used  by  searoeD,        Wateh-MiV/,     See  Mill. 

in  their  voyBftes.  Motion  qfV/ tT KB.,  in  Hydraulics.    The  theory  of  tbe 

Sail  Water,  such  as  has  much  salt  in  it,  so  as  to  be,  motion  of  running  water  is  one  of  the  principal  o^ects  of 

senMblc  ti>  tbe  taste.  hydraulics,  and  to  which  maay  eminent  mathematidans 

Sua  Water,  or  Water  of  the  sea,  is  an  assemblage  of-  have  paid  their  attention.     But  it  were  to  be  wished  that 

bodies,  in  which  water  can  scarcely  be  said  to  have  the  their  theories  were  more  consistent  with  each  other,  and 

principal  part :  it  is  an  universal  colluvies  of  all  ibe  bo--  with  experience.      The  inquisitive  reader  may  consult 

dies  in  nature,  sustained  and  kept  floating  in  water  as  a  Newton's  Principia,  lib.  S,    pr.  36,  with  tbe  comment, 

vehicle:  being  a  solution  of  common  salt.sal  catharricus  Dan.  Bernoulli's    Hydrodynaraica.      J.Bernoulli,    Hy- 

amarug,  a  selenitic  substance,  and  a  compouad  of  rau<  draijlica,  O per.  torn.  4,  pa.  3S9.    Dr.Jarin,  in  thePhilos. 

riatic  acid  with  magnesia,  mixed  togethw  iu  various  pro-  Trans.  No.  452.      Gravesande,  Physic.  Elem.  Mathem. 

portions.     It  may  be  freshened  by  simple  distillation  with-  lib.  3,  par.  3.      Maclaurin's  Flux.  art.  537.     Poleni  de 

out  aivy  addition,  and  thus  it  has  sumelimes  been  useful  Castcllis,  Ximeoea,  D'Alembert,  Bossu,  Buat,  and  nwny 

in  long  voyage*  at  sea.      Sea   water   by   itself  has  a  pur-  othejs. 

gative  quality,  owing  to  thi' salt  it  contains;  and  has  been        But  notwithstanding  tbe  labours  of  all  these  eminent 

greatly    recommended    in    scrophulous  disorders.       Sea  authors,   this  intricate  subject  still   remains    in  a  great 

water  is   about  3  parts   in    100  heavier  than  common  measure  obscure  And  uncertain.     Even  the  simple  case  of 

water  ;  and  its  temperature  at  great  depths  is  froip  34  to  the  motion  of  runninfj  water,  -when  it  issues  from  a  hole 

40  degrees;  but  near  tbe  surface  it  follows  more  nearly  in  the  boiiam  of  a  vessel,  has  never  yet  been  determined,' 

Ihe  tempirature  of  the  air.  .  sobs  to  give  uuivenjal  satisfaction  lo  the  learned.     On  this 

Snow  Water,  is  the  purest  of  all  the  common  watera,  head,  it  is  now  pretty  generally  allowed,  that  the  velocity 

when  thi:  snow  has  bi-rn  cullecled  pure.     Kept  in  a  warm  of  the  issuing  stream,  is  equal  lo  that  which  a  heavy  body 

place,  in  clean  glass  vessels,  nut  closely  slopped,  but  acquires  by  falling  ihniugh  the  height  of  the  fluid  above 

covered  from  dust,  &c,  snow  water  becomes  in  time  pu-  the  hole,  as  may  be  demonstrated  by  theory :  but  in  prac- 

trid  ;  though  in  well-stopped  bottles  it  remains  unaltered  tice,  the  quantity  of  the  effluent  water  is  much  less  than 

for  several  years.     But  distilled  water  stiffen  no  altera-  what  is  given  by  this  theory,  owing  lo  the  obstruction  to 

tion  in  cither  circumstance.  the  motion  in  the  hole,  partly  from  the  sides  of  it,  and 

^rfft;  Wates  is  commonly  impregrtated  with  a  small  partly  from  the  different  directions  of  tbe  parts  of  tbe 

portion  of  imperfect  neutral  sail,  extracted  from  the  dif-  water  in  entering  it,  which  thence  obstruct  each  other's 

ferent  strata  .through  which  it  percolain.     Some  contain  motion.     And  this  obstruction,  and  the  diminution  iu  th« 

a  vast  quantity  of  stony  matter,  which  they  deposit  u  quantity  of  water  run  out,  is  Still  the  more  in  proportion 

they  run  along,  and  thus  form  masses  of  stone;  someiimi-s  as  the  hole  is  the  smaller;  in  such  sort,  that  when  the- 

incrustating  various  animal  and  vegetable  matters,  which  bole  is  very  small,  the  quantity  is  diminished  in  the  ratio 

they  are  therefore  said  to  petrify.     Spring  water  is  much  of  ^'2  to  1  very  nearly,  which  is  the  ratio  of  the  greatest 

used  for  domestic  purposes,  and  on  account  of  its  Cool-  diminution;  and  for  larger  apertures,   the  diminution  is 

ness  is  an  agreeable  drink ;    but  on  account  of  its  being  always  less  and  less.    This  fact  is  ascertained,  or  a,dmitted 

usually  somewhat  hard,  is  inferior  to  that  which  has  run  by  Newton,  and   alt  the  other  philosophers   above  men^^ 

for  a  considerable  way  in  a  channel.     Spring  water  arises  tioned,  with  some  small  variations. 

from  the  rain,  and  from  the  mists  and  moisture  in  the  at-        That  the  velocity  of  the  water  in  the  hole,  or  at  least 

mosphere.     These  falling  upoo  hills  and  other  parts  of  some  part  of  it,  as  that  for  example  in  the  middle  of  the 

the  earth,  soak  into  the  ground,  and  pass  along  till  they  stream,  is  equal  lo  that  above-mentioned,  is  even  evinced 

find  a  vent  out  again,  in  the  form  of  a  spring,  by  experiment,  by  directing  tbe  stream  either  sideways, 

WATER-Bef/oiM,  in  Mechanics,  are  bellows,  for  blow*  or  upwards:  for  in  tbe  former  case,  it  is  found  to  range 

ing  air  into  furnaces,  that  are  worked   by  the  force  of  upon  an  horisontal  plane,  a  distance  that  just  answers  to 

water  ;  or  air  blown  in  by.  the  fall  of  water,  that  velocity,  by  the  nature  of  projectiles ;  and  in  tha 

Water-Ooc*.     See  Clepsydra.  latter  case,  the  jet  rises  nearly  to  the  height  of  the  water 

WATEB'&i^'ne,  an  engine  for  extinguishing  fires  ;  or  in  the  vessel ;  which  it  could  not  do,  if  its  velocity  were 

any  engine  to  raise  water ;  or  any  engine  moved  by  tbe  not  equal  to  that  acquired  by  the  free  descent  of  a  body 

force  of  water.     See  Engine,  and  SrzAit-Engme,  through  that  height.     Hence  it  is  evident  then,  th&t  the 

Water-Go!^,  an  instrument  for  measuring  the  depth  particles  of  the  water,  which  ore  in  the  hole  at  tbe  same 

or  quantity  of  any  water.     See  Gage.  moment  of  time,  do  not  all  issue  out  with  the  same  velo- 

WATER-tepe/,  is  the  true  level  which  the  surface  of  still  city ;  and,  in  fact,  the  velocity  is  found  to  decrease  all 

water  takes,  and  is  the  most  correct  of  any.  the  way  from  the  middle  of  tbe  hole,  where  it  is  greatest,. 

Vl AT K&-Lagged,  in  Sea-Language,  denotes  the  state  of  towards  the  bide  or  edge,  where  it  is  Ihe  least. 
,a  ship  when,  by  receiving  a  great  quantity  of  water  into         At  a  small  distance  from  ihe  hole,  the  diameter  of  the 

her  hold,  by  leaking,  &c,  she  has  become  heavy  and  in-  vein  of  water  is  much  less  than  ihal  of  the  aperture  itself, 

active  upon  the  sea,  so  as  to  yield  without  resistance  to  Thus,  if  the  diameter  of  the  hole  be  I,  the  diameter  of  tbe 

ihe  effort  of  every  wave  rushing  over  her  deck.  vein  of  water  just  without  it,  will  be  ^  or  0-84,  accord- 

WATER-^dcAine.     See  Machine-  .  ing  lo  Newton's  measure,  who  first  observed  Ibis  phetto- 

WATKR-Mcdture.     Sail,  sea-coal,  .&c,  while  .on  boaid  menon  ;  and  according  to  Folcni's  measure  073  nearly. 
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By  the  experiments  of  Buai  (Princip«s  d'tlydr&ulique], 
the  quantity  by  theory  it  to  that  by  experiment,  for  a 
small  aperture  made  in  the  thia  aide  of  a  resenoir,  as  8 
10  5.  When  a  short  pipe  is  added  to  the  hole  outwards, 
of  the  length  of  two  or  three  times  its  diameter,  that  ratio 
is  as  16  to  13.  And  whon  the  short  pipe 
is  all  within  side  the  vessel,  as  in  the  mar- 
gin, [he  same  ratio  becomes  that  of  3  to  2. 
Poleni  atsofound  that  the  quantity  of  water 

flowing  through  a  pipe  or  tube,  was  much      

greater  than  that  through  a  hole  of  the      i — 
same  diameter  in  the  thin  side  or  bottom      '    '  " 
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This  icience  of  the  prestures  exerted  by  wster  or  other 


of  the  veiicl,  the  height  of  ihe  head  of  water  above  each 
being  the  same.  See  also  many  other  curious  circum- 
stances in  Bust's  Principes  above-mentioned. 

Some  authors  give  this  rule  for  finding  the  height  due  to 
the  velocity  in  a  flat  orifice,  or  a.  medium  among  all  the 
|>arts  of  it,  such  that  this  medium  velocity  being  drawn 
into  the  area  of  the  bole,  shall  give  the  quantity  per  second 
that  runs  through  ;  vis,  let  a  denote  (he  area  of  the  sur- 
face of  the  water  in  the  vessel,  a  the  area  of  the  orifice  by     partof  salt  lo  a  quantity  of  water,  half: 


which  the  water  issues,  and  h  the  height  of  the  water 
above  the  orifice ;  then,  as  3a  —  a  :  a  :  :  h  :  A,  tbe 
height  due  to  the  medium  velocity,  or  the  height  from 
which  abody  must  freely  descend,  by  the  force  of  gravity, 
to  acquire  that  mean  velocity. 

Authors  are  not  yet  agreed  as  to  the  force  with  which 
a  vein  of  water,  spouting  from  a  round  hole  in  the  side  of 
a  vessel,  presses  on  a  plane  directly  opposed  to  the  motion 
of  t4ie  vein.  Most  authors  agree,  that  the  pressure  of  this 
Tcin,  flowing  uniformly,  ought  to  be  equiil  to  the  weight 
of  a  cylinder  of  water,  whose  base  is  equal  to  the  orifice 
through  which  the  water  flows,  and  its  height  equal  to  the 
height  of  the  water  in  the  vessel  above  the  hole.  The  ex- 
■  pcriments  made  by  Manotle,  and  others,  seem  to  counte- 
nance this  opinion.  But  Dan.  BermiuUi  rejects  it,  and 
estimates  this  pressure  by  the  weight  of  a  column  of  the 
duid,  whose  diameter  is  equal  to  the  contracted  vein 
(according  to  Newton's  observation  Hbove-nientioned],  and 
the  height  of  which  is  equal  to  double  the  altitude  due  to 
ibc  real  velocity  of  the  spouting  water;  and  this  pressure 
is  also  equal  to  the  force  of  repulsion,  arising  from  the 
reaction  of  the  spouting  water  on  the  vessel.  The  inge- 
Bious  author  remark)  that  he  speaks  only  of  single  veins 
of  water,  th«  whole  of  which  are  received  by  the  planes 
on  which  they  press ;  for  as  to  the  pressures  exerted  by 
fluids  surrounding -the  bodies  they  press  upon,  as  the  wind, 
or  a  river,  i he  case  is  different,  though  confounded  with 
the  former  by  writers  on  this  subject.  Hydrodynamica. 
pa.289.  /        J  . 


fluids  in  motion,  is  what  Bernoulli  calls HyiirauIico-MRrtco. 
This  science  differs  from  hydrostatics,  which  considers  only 
the  pressure  of  water  and  other  fluids  at  rest ;  whereas 
Kydraulicottatics  considers  the  pressure  of  water  in  mo- 
lion.  Thus  the  pressure  exerted  by  water  moving  through 
pipes,  upon  the  aides  of  those  pipes,  is  an  hydraulico-staticai 
consideration,  and  has  been  erroneously  determined  by 
many,  who  have  given  no  other  rules  in  these  cases,  Imt 
such  as  are  applicable  only  to  the  pressure  of  fluids  at  res).  . 
Sec  Hydrodynam.  pa.  356  &c. 

WAT£R-Poiw.    See  Htdroueteb,  and  Areometer. 

Dr.  Hooke  contrived  a  water-poise,  which  may  be  of 
good  service  in  examining  the  purity  &c  of  water.  It  con- 
sists of  a  round  glass  ball,  like  a  bolt  head,  about  3  inches 
diameter,  with  a  narrow  stem  or  neck,  the  24th  of  an  inch 
in  diameter;  which  being  poised  with  red  lead,  so  as  to 
make  it  but  little  heavier  than  pure  sweet  water,  and  thui 
fitted  to  one  end  of  a  fine  twiance,  with  a  counterpoise  at 
the  other  end  ;  on  the  l^ost  addition  of  even  the  3000lh 
of  the  neck 


Another  rule  however  had  been  adopted  by  the  Acade-     breadth  of  the 


ill  emerge  above  the  water.     Philos.  Trans.  No,  IpZ. 

Raiimg  of  Vi ATEiL,  in  Hydraulics.  The  great  advan- 
tage of  raising  water  by  engines  for  the  various  purpoMS 
of  life,  is  well  known.  Machines  have  in  ail  ages  been 
contrived  with  this  view  ;  a  detail  of  the  best  of  which, 
with  the  theory  of  their  construction,  would  be  very  ctt- 
nous  and  instructive.  M.  Belidor  has  executed  this  in 
part  in  his  Architecture  Hydraulique.  Dr.  Desagnliers, 
has  also  given  a  description  of  several  engines  to  raise  water, 
in  his  Course  of  Experimental  Philosophy,  vol.2;  and 
there  are  several  other  smaller  works  of  the  same  kind. 

Engines  for  raising  water  are  either  such  as  throw  it  up 
with  a  great  velocity,  as  in  jets;  or  such  as  raise  it  from 
one  place  to  another  by  .a  gentle  niotion.  For  the  general 
theory  of  these  engines,  see  Bernoulli's  Hydrodynamica. 
— Desaguliers  has  settled  the  maximum  of  engint«  for 
raising  water,  thus:  A  man  with  the  best  water  engine  can- 
not raise  above  one  hogshead  of  water  in  aminnie,  10  feet 
high,  to  hold  it  all  day  ;  but  he  can  do  almost  twice  as 
much  for  a  minute  or  two. 

V/AVER-Spmit.     See  Sporr. 

W ATKR-Wieel,  an  engine  for  raising  water  in  great  quan- 
tity out  of  a  deep  well,  &c.     See  pER8iAN-ff%;e/. 

WATEE-Worit.     See  Railing  qfW  tTt.R. 

WAV^,  in  Physics,  a  volume  of  water  elevated  by  the 
action  of  the  wind  &c,  upon  its  surface,  into  a  state  of 
fluctuation,  and  accompanied  by  a  cavity.  Th^  extent 
from  the  bottom  or  lowest  point  of  one  cavity,  and  across 
Jevation,  to  the  bottom  of  the  next  cavity,  is  the 


micians  of  Paris,  who  made  a  number  of  experiments  to 
confirm  or  establish  it.  Hist.  Acad.  Paris,  ann.  l€79, 
sect.  3,  cap.  5. 

D.  Bernoulli,  on  the  other  hand,  thinks  his  own  theory 
is  sufficiently  established  by  the  experiments  he  nlates; 
for  the  particulars  of  which  see  the  Acta  Petropolitana, 
vol.e,  pa.  122.  This  ingenious  author  is  also  of  opinion 
that  his  theory  of  the  quantity  of  the  force  of  repulsion, 
exerted  by  a  vein  of  spouting  water,  might  be  usefully  ap- 
plied to  move  ships  by  pumping;  and  he  thinks  the  motion 
produced  by  this  repulsive  force  would  fall  little,  if  at  all, 
short  of  that  produced  by  rowing.  He  has  given  his  rea- 
sons and  computations  at  length  in  his  Hydrodynamica, 
V- 393  Sec. 


Waves  are  considered  as  of  two  kinds,  which  may  be 
distinguished  from  each  other  by  the  names  of  natural  aud 
accidental  waves.  The  natural  waves  are  those  which  are 
regularly  proportioned  in  size  to  the  strength  of  the  wind 
which  produces  them.  The  accidental  waves  are  those 
occasioned  by  the  wind's  reacting-on  itself  by  repercussion 
frum  hills  or  high  shores,  end  by  the  daahiog  of  the  waves 
themselves,  otherwiite  of  the  natural  kind,  against  rocks 
and  shoals;  by  which  means  these  waves  acquire  an 
elevation  much  above  what  they  can  have  in  their  natural 

Boyle  proved,  by  numerous  experiments,  that  the  most 
violent  wind  never  penetrates  deeper  than  6  feet  into  the 
water ;  and  it  seems  a  natural  consequence  of  this,  that 
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the  water  moved  by  it  can  only  be  elevated  to  the  same  lows,  or  between  tlie  tops  of  the  ridges.  Let  abcdet  re- 
height  of  6  feet  from  the  level  of  the  surface  in  a  calm  ;  present  the  surface  of  siagnanl  water  ascending  and  de- 
•nd  these  €  feet  of  elevation  beiug  added  to  the  6  of  ex-  scending  in  successive  waves;  also  let  a,  c,  e,  &c,  be  the 
CBvation,  in  the  partfrom  whence  that  water  so  el evB ted 
was  raised,  should  give  IS  feet  for  the  utmost  elevation  • 
of  a  wave.  This  is  &  calculation  that  does  great  honour 
to  its  author;  as  many  experiments  and  observations  have 
proved  that  it  ii  very  nearly  true  in  deep  seu,  where  the  tops  of  the  waves ;  and  B,  D,  F,  &c,  the  intermediate  hol- 
vravea  are  purely  natural,  and  have  no  accidental  causes  lows.  Because  the  motion  of  the  waves  is  carried  on  hy 
to  render  them  larger  than  their  just  proportion.  the  successive  ascent  and  descent  of  the  water,  so  that  the 

It  Is  nut  to  be  understood  however,  that  no  wave  of  the  parts  of  it,  as  a,  c,  e,  &c,  which  are  highest  at  one  time, 

sea  can  rise  more  than  6  feet  above  its  natural  level  in  open  t>econie  lowest  immediately  after;  and  because  the  motive 

and  deep  water ;  for  some  vastly  higher  than  these  are  force,  by  which  the  highest  parts  descend  and  the  lowest 

formed  in  violent  tempests  in  the  great  seas.     These  how-  ascend,  is  the  weight  of  the  elevated  water,  that  atteroate 

ever  are  not  to  be,  accounted  waves  in  their  natural  state,  ascent  and  descent  will  be  analogous  to  the  reciprocal  mo- 

but  as  compound  waves  formed  by  the  union  of  many  tion  of  the  water  in  the  canal,  and  observe  the  same  laws 

others  ;  for  in  these  wide  plains  of  water,  when  one  wave  as  to  the  times  of  its  ascent  and  descent ;  and  therefore 

is  raised  by  the  ^iad,  and  would  elevate  itself  up  to  the  (by  prop.  44,  above-mentioned)  if  the  distances  between 

exact  height  of  6   feet,  and  no  more,   the   motion  of  the  the  highest  places  of  the  waves  A,  O,  E,  and  the  lowest  b, 

water  is  so  great,  and  the  succession  of  waves  so  quick,  d,  f,  be  equal  to  twice  the  length  of  crnj'pendulum,  the 

that  while  this  is  rising,  h  receives  into  it  several  other  highest  parts  a,  c,  e,  will  become  the  lowest  in  the  time 

waves,  each  of  which  would  have  been  at  the  same  height  of  one  oscillation,  and  in  the  lime  of  anolher  oscillation 

with  itself;  these  run  into  the  lirat  wave  one  after  another,  will  ascend  again.     Therefore  between  the  passage  of  each 

asit  fs  rising;  by  which  means  its  rise  is  continued  much  vttve,  the  lime  of  two  oscillations  will  inti-rvcne;  that  is, 

longer  than  it  nrnturnlly  would  have  been,  and  it  becomes  the  wave  will  describe  its  breadth  in  the  yme  that  the 

accumulated  to  an  enormous  size.     A  number  of  these  pendulum  will  oscillate  twice;  but  a  pendulum  ot  4  times 

complicated  waves  rising  together,  and  being  continued  in  that  length,  and  which  therefore  is  equal  to  thu  breadth  of 

a  long  succession  by  the  continuation  of  the  storm,  make  the  waves,  will  just  oscillate  once  in  that  time.     i^'E.  /, 

the  waves  so  dangerous  to  ships,  which  the  sailors  in  their  "  Carol.  1.  Therefore  waves,  whose  breadth  is  equal  to 

phrase  call  mountains  hi^h.                    ,                    ^  39^  inches,  or  3^  feet,  will  advance  through  a  space  equal 

Different  waves  do  nut  disturb  one  another  when  they  to  their  breadth  in  one  second  of  time  ;  and  therefore  in 

.  move  in  different  directions.     The  reason  is,  that  whatever  one  minute  they  willgo  over  a  space  of  195^feet;  and  in 

figure  the  surface  of  the  water  has  acquired  by  the  motion  an  hour  a  space  of  1 1737  feet,  nearly,  or  2  miles  and  al- 

of  the  waves,  there  may  in  that  be  an  elevation  and  de-  most  a  quarter, 

pression  ;  as  also  such  a  motion  as  is  required  in  the  mo-  "  Carol.  2.  And  the  velocity  of  greater  or  less  waves, 

tion  of  a  wave.  will  be  augmented  or  diminished  id  ibesubduplicate  ratio 

Waves  are  often  produced  by  the  motion  of  a  tremulous  of  their  breadth, 

body,  which  also  expand  themselves  circularly,  though  "  These  things  (Newton  adds)  are  true  on  the  supposi- 

the  body  goes  and  returns  in  a  right  line  ;  for  the  water  tion-,  that  ihe  parts  of  water  ascend  or  descend  in  a  right; 

which  is  raised  by  the  agitation,  descending,  forms  a  ca-  line ;  hut  in  fact,  that  ascent  and  descent  is  rather  per- 

vity,  which  is  every  where  surrounded  with  a  rising,          _  formed  in  a  circle;  and  therefore  I  propose  the  time  de- 

TSe  Motion  qfthe  Waves,  is  a  subject  which  makes  an'  lined  by  this  proposition  as  only  near  the  truth," 
.article  in  the  NewtoniRn-philosophy  ;  that  author  having  Stiiling  V/atm  by  meatu  cf  Oil  This  curious  proper- 
explained  their  motions,  and  calculated  thei^  velocity  from  ty,  though  well  known  to  the  ancients,  as  appears  from  the 
mathematical  principles,  simila'r  to  the  motion  of  a  pen-  writings  ofPliny,  wasformany  ages  either  quite  unnoticed, 
dutum,  and  to  the  reciprocation  of  water  in  the  two  legs  or  treated  as  fabulous  by  succeeding  philosophers.  Of 
of  a  bent  and  invened  syphon  or  lube.'  late  it  has,  by  means  of  Dr.  Franklin,  again  attracted  the 

His  proposition  concerning  such  canal  or  tube  is  the  attention  of  the  learned ;  though  it  appears,  from  some 
44lh  of  the  2d  book  of  his  Princrpia,  and  la  this:  "  If  anecdotes,  that  seafaring  people  have  always  been  acquaint- 
water  ascend  and  descend  altemati'ly  in  the  erected  legs  ed'wiih  it.  In  Martin's  description  of  the  Western  Islands 
of  a  canal  or  pipe  ;  and  a  pendulum  be  constructed,  whose  of  Scotland,  we  have  the  following  passage :  ■'  The  stew- 
lenglh  between  the  point  of  suspension  and  the  Centre  of  ard  of  Hilda,  who  lives  in  Pabhay,  is  accustomed,  in  lime 
oscillation,  is  equal  to  balf  the  length  of  the  water  in  the  of  a  storm,  to  tie  a  bundle  of  puddings,  made  of  the  fat 
caiuki ;  then  the  water  will  ascend  and  descend  in  the  same  of  sea-fowl,  (o  the  end  of  his  cable,  and  let  it  bll  into  the 
tiroes  in  which  the  pendulum  oscillates."  The  author  sea  behind  his  rudder.  This,  he  says,  hinders  the  waves 
hence  infers,  in  prop.  i5,  that  the  velocity  of  waves  is  in  from  breaking,  and  calms  the  see."  Mr.Pennant,  in  his 
the  subduplicate  ratio  of  their  breadths;  and  in  prop.  iS,  British  Zoology,  vol.iv,  undrr  the  urtiele  Seal,  lakes  no- 
he  proceeds  "  To  find  the  vptoeity  of  waves,"  as  follows  :  tice,  that  when  these  animals  are  devouring  a  very  iiily 
"  Let  a  pendulum  be  constructed,  whose  length  between  fish,  which  they  always  do  under  water,  the  waves  above 
the  point  of  suspension  and  the  centre  of_  oscillation  is  are  remarkably  smooth ;  and  by  this  mark,  thi- fishermen 
equaltothe  breadth  of  the  waves;  and  in  the  time  that  Jinow  whereto  find  them.  Sir  Gilbert  Lawson,  wboserved 
thependulum  will  perform  one  singleoscillation,  the  waves  long  in  the  army  at  Gibraltar,  assured  Dr.  Franklin,  that 
wilt  advance  forward  nearly  a  space  equal  to  their  breadth,  the  fishermen  in  that  place  are  accustomed  to  pour  a  little 
That  which  1  call  the  breadth  of  the  waves,  is  the  irans-  oil  on  the  sea,  in  order  to  still  its  motion,  that  they  may 
verse  measure  lying  between  the  deepest  part  of  the  hoi-  bcenabled  to  see  the  oysters  lying  at  iis  bottom,  which  art 
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there  very  large,  and  which  they  take  up  with  a  proper  in- 
strument. A  similar  practice  obtains  among  fisbermen 
in  various  other  parts,  and  Dr.  Franklin  was  informed  by 
HR  old  sea-captain,  that  the  fishermen  of  Lisbon,  when 
about  to  return  into  the  river,  if  they  saw  too  great  a  surf 


it  smooth  as  it  finds  it-     It  moves  ibe  oil  a  little  indeed, 

which  being  between  it  and  the  water,  serves  to  slide  with, 

and  prevents  friction,  as  oil  does  between  those  parts  of  a 

macbiae  that  would  otherwise  rub  hard  together.     Hence 

the  oil  dropped  on  the  windward  side  of  a  pond  proceeds 

the  bar,  would  empty  a  bottle  ur  two  of  oil  into  the     gradually  to  leeward,  as  may  be  seen  by  the  stnooibness  it 

sea,  which  would  suppress  the  breakers,  and  allow  them     carries  with  it  quite  to  the  opposite  side.     For  tfae  wind 

to  pass  freely.  being  thus  prevented  from  raising^the  first  wrinkles  that  1 

The  doctor  having  resolved  in  his  mind  all  these  pieces     call  the  elements  of  waves,  cannot  produce  waves,  which 

of  inforcaaiion,  became  impatient  to  try  the  experiment     are  to  be  made  by  continually  acting  on  and  enlarpng 

bimself.     At  last  having  an  opportunity  of  otecrving  a     those  elements;  and  thus  the  whole  pond  is  cslmed. 


large  jfond  very  rough  with  the  wind,  be  dropped 
quantity  of  oil  into  it.  But  having  at  first  applied  it  on 
the  lee-side,  the  oil  was  driven  back  again  upon  the  shore. 
He  then  went  to  the  windward  side,  and  poured  on  about 
a  tea-spoon-full  of  oil ;  this  produced  an  instant  caira  over 
a  space  several  yards  square,  which  spread  amazingly,  and 
extended  itself  gradually  lill  it  came  Id  the  lee-i^ide ;  ma- 
king all  that  quarter  of  the  pond,  perhaps  half  an  acre, 
as  smooth  as  glass.  This  experiment  was  often  repeated  of  every  great  wi 
in  different  places,  and  always  with  succesis.     Our  author     its  surface,  and 


"  Totally  therefore  we  might  suppress  the  waves  in  any 
required  place,  if  we  could  come  at  the  windward  place 
where  they  take  their  rise.  This  in  theocean  can  seldom 
if  ever  l^e  done.  But  perhaps  something  may  be  done  on 
particular  occasions  to  moderate  the  violence  of  the  waves 
when  we  are  in  the  midst  of  ibem,  and  prevent  their 
breaking  when  that  would  be  inconvenient.  Forwhentfae 
wind  blows  fresh,  there  are  co;itinually  rising  on  the  back 
numlier  of  small  ones,  which  roughen 
the  wind  hold,  as  it  were,  to  push  it 


jLCCOunId  for  it  in  the  following  manner:  with  greater  force.     This  hold  is  diminished  by  preventing 

"There  seems  lo  be  no  natural  repulsion  between  water     the  generation  of  those  small  ones.     And  possibly  too, 

and  air,  to  keep  them  from  coming  into  coniact  with  each'    when  a  wave's  surface  is  oiled,  the  wind,  in  passing  over  it, 

other.     Hence  we  find  a  quaniity  of  air  in  water;  and  if     may  rather  ii)  some  degree  press  it  down,  and  contribute 

we  extract  it  by  means  of  the  air  pump,  the  same  water     to  prevent  its  rising  again,  instead  of  promotir^  it. 

again  exposed  to  the  air  will  soon  imbibe  an  equal  quan-         "  This,  as  mere  conjecture,  would  have  little  weigbt,  if 

tity. — Therefore  air  in  motion,  which  is  wind,  in- passing     the  apparent  effects  of  pouring  oil  into  the  midst  of  waves 

over  the  smooth  surface  of  water,  may  rub  as  it  were  upon 

that  surface,  and  raise  it  into  wrinkles  ;  which,  if  the  wind 

continujcs,  are  the  elements  of  future  waves.    The  sniall- 

est  wave  once  raited  does  not  immediately  subside  and 

leave    the   neighbouring  water   quiet;  but  in  subsiding 

raises  nearly  as  much  of  the  water  next  to  il,  ibc  friction 

of  the  parts  making  little  difference.  Thus  a  stone  dropped 

ioto  a  pool  raises  first  a  single  wave  round  itself,  and  leaves 

it,  by  sinking  to  the  bottom  ;  but  that  first  wave  subsiding 

raisesa  second,  the  second  a  third,  and  so  on  in  circles  to 

a  great  extent. 

"  A  sidbII  power  continually  operating,  will  produce  a 

great  action.     A  finger  applied  to  a  weighty  suspended 

bell,  can  at  first  mov6  it  hut  little;  if  repeatedly  applied, 

though  with  no  greater  strength,  the  motion  increases  I  " 


the  bell  swings  to  its  utmost  height,  and  with  a  force  that     experiment  of  smoothing  ii 


were  not  considerable,  and  as  yet  not  otherwise  accounted 
for. 

"  When  the  wind  blows  so  fresh,  as  that  the  waves  are 
not  sufficiently  quick  in  obeying  its  impulse,  their  tops, 
being  thinner  and  lighter,  are  pushed  forward,  broken,  and 
turned  over  in  a  white  foam.  Common  waves  lift  a  vessel 
without  entering  it;  but  these.when  large,  sometimes  break 
above  and  pour  over  it,  doing  great  damage, 

"  That  this  effect  might  jn  any  degree  be  prevented,  or 
the  height  and  violence  of  waves  in  the  sea  moderated,  we 
had  no  certain  account ;  Pliny's  authorrty  for  the  practice 
of  seamen  in  his  time  being  slighted.  Bui  discoursing 
lately  on  this  subject  with  his  excellency  Count  Bcntinck 
of  Holland,  his  son  the  honourable  captain  Bentinck,  and 
the  learned  professor  Allemand  ^to  all  whom  I  showed  the 


cannot  be  resisted  by  the  whole  strength  of  the  arm  and 
bodyi  Thus  the  small  first  raised  waves  being  continuaU 
!y  acted  on  by  the  wind,  arc,  though  the  wind  does  not  in- 
crease in  streitgth,  continually  increased  in  magnitude, 
rising  higher  and  extending  their  bases,  so  as  to  include  a 
vast  mass  of.  water  in  each  wave,  which  in  its  motion  acts 
with  great  violence.  But  if  there  be  a  mutual  repulsion 
between  the  particles  of  oil,  and  no  attraction  between  oil 
KDd  water,  oil  dropped  on  water  will  not  be  held  tc^ther 
b^  adhesion  to  the  spnt  whereon  it  falls ;  it  will  not  be  im- 
bibed by  the  water;  it  will  he  at  liberty  to  expand  itself; 
and  it  will  spread  on  a  surface  that,  besides  being  smooth 
to  the  most  perfect  degree  of  polish,  prevents,  perhaps  by 
repethug  the  oil,  all  immediate  contact,  keeping  il  at  a 
tninute  distance  from  itself;  and  the  expansion  will  con- 
tinue, till  the  mutual  repulsion  between  the  particles  way, 
of  the  oil  is  weakened  and  reduced  to  nothing  by  their     way,  and 


ivindy  day  the  large  piece 


at  the  head  of  the  green  park),  a  letter  was  men- 
tioned which  had  been  received  by  the  count  from  Batavia, 
relative  to  the  saving  of  a  Dutch  ship  in  a  storm  by  pour- 
ing oil  into  the  sea." 

WAY  (fa  £hip,  is  sometimes  used  for  her  wake  or 
track.  But  more  commonly  the  term  is  understood  of  the 
course  or  progress  which  she  makes  on  the  water  under 
sail :  thus,  when  she  b^ins  her  motion,  she  is  said  to  be 
under  way ;  when  that  motion  increases,  she  is  said  to  have 
fresh  way  through  the  water ;  when  she  goes  apace,  they 
say  she  has  a  good  way;  and  the  account  of  her  rate  of 
sailing  by  the  log,  they  call,  keeping  an  account  of  her 
way.  And  because  most  ships  are  apt  to  fall  a  little  (o 
the  leeward  of  their  true  course,  it  is  customary,  in  cast- 
ing up  the  log-board,  to  allow  something  for  her  leeward 
'.     Hence  also  a  ship  is  said  to  have  faead- 

WAY- WISER,  an  instrument  for  measuring  the  road, 
"  Now  I  imagine  that  tKe ;wtnd  blowing  over  water  thus     or  distance  travelled  ;  called  also  Pzhahbulator,  and 
covered  with  a  film  of  oil  cannot  easily  catch  upon  it,  so     Pziwiietkr,     See  these  two  articles. 
Bi  to  raise  the  fint  wrinkles,  but  slides  over  it,  and  leaves        Mr,  Lovell  Edgworth  communicated  to  the  Society  of 
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Arti,  frc,  aaaccount  of  ft  way-wiier  •fbiiinTention;  for 
ttliicb  he  obtained  a  silver  medal.  This  macbine  conaisti 
ola  nave,  formed  of  ttvo  round  flat  pieces  of  wood,  I  inch 
thick  and  8  inches  in  diameter.  In  each  of  the  piece* 
Iherearecutelcven  grooves,  ^  of  an  inch  wide,  and  J  deep; 
and  when  the  two  pjecesare  screwed  together,  they  enclose 
eleven  spokes,  forming  a  wheel  of  spokes,  without  a  rim  ; 
the  circumfiereiice  of  ihc  wheel  ii  exactly  one  pole  ;  and 
the  iiMtrument  may  be  easily  taken  to  pieces,  and  put  up 
in  a  smell  compass.  On  each  of  the  spokes  there  is  driven 
a  fiirril,  t«  prevent  them  from  wearing  out ;  -and  in  the 
centre  of  the  nave,  ttA*re  is  a  square  hole  to  receive  an 
axle.  Iiitothis  hole  is  inserted  an  ironorbrass  rod,  which 
ka*  the  thread  of  a  very  fine  screw  worked  upon  it  from 
one  end  to  the  other ;  upon  this  screw  hangs  a  nut  which, 
as  the  rod  turns  round  with  the  wheel,  advances  towards 
the  itavc  of  the  wheel  or  recedes  from  it.  The  nut  does 
this,  because  it  is  prevented  from  turning  round  with  the 
axle,  by  having  its  centre  of  gravity  placed  at  some  di- 
uance  below  the  rod,  to  as  always  to  hang  perpendicu- 
larly like  a  plummet.  Two  sides  of  this  tcrew  are  filed 
away  ttat,  and  have  figures  engraved  on  them,  to  show  by 
the  progressive  motion  of  the  nut,  how  many  circuaiToIu- 
tiont  of  the  wheel  and  its  axle  have  been  made :  on  one 
side  the  divisions  of  miles,  furlongs,  and  polei  are  in  r  di- 
rect order,  and  on  the  other  side  the  same  divisions  are 
placed  in  a  retr<^rade  order. 

If  the  person  who  uses  this  machine  places  it  at  his 
right  bant)  side,  holding  the  axle  loosely  in  his  hands,  and 
walks  forward,  the  wheel  will  revolve,  and  the  nut  ad- 
vance  from  the  extremity  of  the  rod  towards  the  nave  of 
the  wheel.  When  two  miles  have  )>een  measured,  it  will 
have  come  close  to  the  wheel. .  But  to  continue  tbii 
mcaaurement,  nothing  more  ii  necessary  than  to  place  the 
whc«l  at  the  left  hand  of  the  operator;  and  the  nut  will, 
as  be  continues  the  courae,  recede  from  the  axle-tree,  till 
another  space  of  two  miles  is  measured. 

It  appears,  from  the  conilructian  of  this  machine,  that 
it  operates  like  circular  compatses  ;  and  dues  not,  tike 
the  common  wheel  way-witer,  measure  the  surface  of 
every  stone  and  molehill,  &c,  but  passes  over  most  of  the 
obstacles  it  meets  with,  and  measures  the  chords  only, 
instead  of  the  arcs  of  any  curved  surftces  upon  whicb 
it  rolls. 

WEATHER,  denotes  the  state  or  disposition  of  the  at- 
mosphere, with  regard  to  heat  and  cold,  drought  and 
moisture,  fair  or  foul,  wind,  rain,  hail,  frost,  snow,  fog, 
&c.  See  ATHoiirKERi,  Haii.,  Heat,  Fkost,  Rain,  ice. 

There  does  not  appear  in  all  philosophy  any  circum- 
stance of  more  immediate  concern  to  us,  than  the  state  of 
the  u  eathcT ;  asit  is  in,  and  by  means  of  the  atmosphere,  that 
all  plants  are  nourishei),  and  all  animals  live  and  breathe  ; 
and  as  any  atteraiiuns  in  the  density,  heat,  purity,  &c,  of 
that,  must  necessarily  be  attended  with  proportionable 
one*  in  the  state  of  these. 

The  great,  but  regular,  alterations,  a  little  change  of 
weather  produces  in  many  parts  of  inanimate  matter, 
every  person  knows,  from  the  common  instance  of  buro- 
meters,  thermometers,  hygrometers,  &c ;  and  it  is  owing 
parity  to  our  inattentian,.and  partly  to  uur  unequal  and 
intemperate  course  of  life,  that  we  also,  like  many  other 
animaU,  do  not  feel  as  great  and  as  regular  ones  in  the 
tubes,  chords,  end  fibres  of  our  own  bodies. 

To  establish  a  proper  theory  nf  the  weather,  it  would  he 
neootary  to  have  registers  carefully  kept  in  divers  parts 
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of  llie  globe,  for  a  long  series  of  yean;  from  whicb  we 
might  be  enabled  to  determine  the  directions,  breadth,  end 
bounds  of  the  winds,  and  of  the  weather  they  bring  with 
them  ;  with  the  correspondence  between  the  weather  of 
diven  places,  and  the  difieience  between  one  kind  and 
another  at  the  same  place.  We  might  thus  probably  in 
time  learn  to  foretell  many  great  emergencies;  as,  extra- 
ordinary heals,  rains,  frosts,  droughts,  dearths,  and  even 
plagues,  and  other  epidemical  diseases,  &c. 

It  is  however  but  very  few,  and  partial  registers  or  ac- 
counts of  the  weather,  that  have  been  kept.  The  Royal 
Society,  the  French  Academy,  and  a  few  particular  pni-' 
losopbers,  have  at  times  kept  such  registers  as  their  fancies 
have  dictated,  but  never  a  r^uiar  and  correspondent  se- 
ries in  many  different  places,  at  the  same  time,  folloived 
with  particular  comparisons  and  d«ductions  from  the 
whole,  &c.  "Hie  mottof  whet  has  been  done  in  this  way, 
is  as  follows  :  The  volumes  of  the  Philosophical  Trans- 
actions from  year  to  year;  the  same,  for  instructions  and 
examples  pertaining  to  the  subject,  vol.  65,  part  2,  art. 
16;  Eras.  Bartholin  has  observations  of  the  weather  for 
eveiyday  in  the  year  Ifl?!  ;  Mr.  W.  Merle  made  the  like 
et  Oxford,  for  7  years ;  Dr.  Plot  did  the  same  at  the 
same  piece,  for  the  year  1684  ;  Mr.  Hillier,  at  Cape  Corse, 
for  the  years  l68o  and  1687;  Mr.  Hunt  and  others  at 
Gresham  College,  forthe years  1695 and  1696;  Dr.Der- 
ham  at  Upminster  in  Essex,  far  the  yean  I69I,  1692, 
1697,  1698,  1699,  1703,  1704,  1705;  Mr.Townley,  in  _ 
Lancashire,  in  l697,  l698;  Mr.  Cunningham,  atEminin 
China,  for  the  years  1698,  I699, 1700^,  1701  ;  Mr.Locke, 
at  Oats  In  Essex,  1693;  Dr.  Scheuchier,  at  Zurich, 
1 708;  and  Dr. Tilly,  at  Pisa,  the  tame  year;  proleasor 
Toaldo,  at  Padua,  fur  many  years;  Mr.  T.  Barker,  at 
Lyndon,  in  Rutland,  for  many  years  in  the  Pbifoa.  Trans.  : 
Mr.  Dalton  for  Kendal,  and  Mr.  Crosthwaite  for  Keswick, 
in  the  yean  1788,  i789, 1790, 1791,  I79«i  &c ;  and  se- 
veral othen.  The  register  now  kept,  for  many  years,  in 
the  Fbiios/ Trans,  contains  an  account,  two  times  every 
day,  of  the  thermometer,  barometer,  hygrometer,  quan- 
tity of  rain,  direction  and  strength  of  the  wind,  and  ap- 
pearance of  the  atmosphere,  as  to  fair,  cloudy,  foggy, 
rainy,  Btc.  And  if  similar  registers  were  kept  in  many 
other  parts  of  the  globe,  and  printed  in  such-like  public 
transactions,  they  might  readily  be  consulted,  and  e  pro- 
per  use  made  of  them,  for  establishing  this  science  on  the 
true  boais  of  experiment. 

From  many  experiments,  some  general  observations 
have  l^n  made,  as  follow  :  That  barometers  generally  rise 
and  fall  (ogrther,  even  at  very  distant  places,  and  a  conse- 
quent conformity  and  similarity  of  weather;  but  this  is 
the  toon  uniformly  so,  as  the  places  ere  nearer  together, 
ei  might  be  expected.  Thet  the  variations  of  the  baro- 
meter are  greater,  as  the  places  are  nearer  the  pole ;  thus, 
for  instance,  the  mercury  at  London  has  a  greater  range 
by  2  or  3  lines  than  at  Paris;  end  at  Paris,  agreater  than 
at  Zurich  ;  and  at  some  places  near  the  equator,  there  is 
scarcely  any  variation  at  all.  That  the  rain  in  Swilier- 
tand  and  Italy  is  much  greater  in  quantity,  for  the  whole 
year,  than  in  Essex  ;'  and  yet  the  rains  are  more  frequent, 
or  there  are  more  rainy  days,  in  Essex,  then  at  rither  of 
those  places.  That  cold  contributes  greatly  to  rain  ;  and 
this  apparently  by  condensing  thesuspendcd  vapours,  aud 
so  causing  them  to  descend  :  thus,  very  cold  months,  or 
seasons,  are  commonly  followed  immediately  by  very  rainy 
ones ;  and  cold  summers  are  always  wet  ones.  That  high 
4G 
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tMgei  of  noantins,  u  tti«  Alpii  Hsd  the  niows  vitk  and  most  sotid,  iwelli  in  uroiat  weather;  the  vapauts 

whick  thej  arf  corerwl,  Dot  only  ^fect  ibe  pei^booring  e«*ily  imiBnating  themiielves  into  the  pora,  specially  of 

-|riaca  -by  ilic  coldi,  raim,  vspoura,  Jkc,  which  tbey  pro-  the  lighter  and  drier  kinds.     And  hence  ie  drrivcd  a  very 

i4uce;teteii«ndtMaBtC(mntriei,aiGiigknd,  often  partake  extraordinary  uKof  wood,  via,  for  breaLing  rocks  or  mil- 

«f  their  eftcts.     See  a  collection  of  ingenioua  and  me-  atones.     The  mrlbod  at  tbe  ciuarries  ii  thi» :  Having  cut 

teorological  oiwervationi  and  conjeclun^,  by  Dr.  Fi«i>k-  a  rock  into  the  form  of  a  cylinder,  the  workmen  divide  it 

iiti,  in  hit  £xperimentt,  &c,  pa.  183, &c.     Alto  a  Me-  into  several  thinner  cylinders,  of  horizontal  connei,-^ 

teonjogical  Kegislor  kept  at  ManifiHd  Woodbousc,  from  making  boles  at  proper  aistancea  round  .the  grvat  one; 

1784  to  1794,  Nottvigham   1795,  8ro  ;  and  Kirwin'a  in-  into  these  holes  they  drive  pieces  of  sallow  wood,  dried  in 

'  geoi^in  papns  on  this  subject  in  the  Transactioni  of  the  an  oven ;  these  in  muiit  weather,  imbibing  the  bomidity 

Irish  Academy,  vol.  5.    See  also  the  articles  Evapora-  from  the  sir,  swell,  and,  acting  like  wed|^,  ihey  break  or 

TtOM,  Rain,  and  Wind,  cleave  the  rock  into  several  flat  silonci.     And,  in  like  man- 

Oilier  Prt^natiiet  and  Obtenotioia,  are  as  follow  :  ner,  to  separate  large  blocks  of  ttone  in  the  qunrry,  they 

That  B  thick  dark  sky,  tasting  fur  some  lime,  without  wedge  snch  pieces  of  wood  into  hoirs,  forming  the  block 

cither  sun  or  rain,  always  becomi^  first  teir,  and  then  foul,  into  the  intended  »hape,  and  thfn  pour  water  upon  the 

i.  e.  it  changes  to  a  fair  ctcar  sky,  before  it  turns  to  rain,  wedges,  to  produce  the  cflect  more  immedieKly. 

And  the  reason  is  obvious :  the  atiDasphere  la  replete  with  Wkather-C/omm,  are  instruntents  contrived  to  show 

vapours  which,  though  sullicient  to  reflect  and  intercept  the  the  state  of  the  almusplierc,  as  to  heat,  cold,  nxHSlDre, 

sun's  rays  from  us,  yet  want  density  (od>.-scend  ;  and  while  weight, &c-,  himI  so  to  measure  the  changes  that  takf  place 

the  vapours  continue  in  the  same  state,  the  wi'ather  will  in  ihosH  respectB;  by  which  means  we  are  enabled  to  pre- 

doso  too  :  accordingly,  such  weather  is  commonly  attend-  diet  the  alteration  of  weather,  as  to  rain,  windj  frosi,  ttc. 

ed  with  moderate  warmth,  and  with  little  or  no  wind  to  — Under  the  class  of  weathei^glassi-s,  are  comprehended 

disturb  the  vapours,  end  a  heavy  aimosphero  to  sustain  barometers,  ibermomeicrs,  hygrometers,  manometers,  and 

them;  the  barometer  being  commonly  high;  but  when  anemometers. 

the  cold  apprOHchea,  and  by  condensing  the  vapours  drives  WEDGkl,  in  Geometry,  is  a  solid,  having  a  rectangular 

them  into  clouds  or  drops,  then  w«y  is  made  for  the  sun  base,  and  two  of  its  opposite  sides  end- 

beaiDs  ;  till  the  same  vapuurs,  by  farther  oondeiKotioR,  be  ing  in  an  acies  or  edge.     Thus,  ab  is 

formed  into  rain,  and  fall  dawn  in  drops.  the  rectangular  base;  and  dc  the  edge; 

Thata  chaise  in  the  warsnlb  of  the  weatherh  followed  a  perpendicular  cb,  from  the  edge  to 

bjn  change  in  the  wind.    That,  the  northerly  and  south-  the  base,  is  the  height  of  the  wedgi.-. 

erly  winds,  though  cotnmonly  accounted  the  causes  of  When  the  length  of  the  edge   dc  is 

cold  and  warm  weather,  are  really  the  effects  of  the  cold  equal  to  the  length  of  the  bnse  bf, 

«f  wsrratfa  of  the  atihospfaere ;  of  which  Dr.  Derfaam  as-  which  is  the  roost, common  form  of  it, 

lures  IK  he  had  so  many  confirMalioui,  that  he  makes  ne  the  wedge  is  equal  to  half  a  rectangular 

doubt  of  the  fact.     Thus,  it  iscnniiil,oii  to  observes  wilrra  prism  of  the  same  base  a  i  and  height 

southerly  wind  suddonly  changed  to  the  north,  by  the  fall  kc  ;  or  it  it  then  a  wbole  triangVilat 

of  snow  or  hail;  or  to  have  the  wind,  in  a  cold  fmaty  prism,  having  the  triangle  ace  for  its 

RMrning,  north,  when  the  sun  has  well  warmed  the  air,  base,  and   as  or  l>c   for  its  height.                     ^ 

shift  towards  the  south  ;  aitd  again 'turn  northerly  or  ^If  the  edge  he  more  or  less  than  a&,  its  lolid  content  will 

easterly  in  the  cold  evenit^.  also  be  more  or  less.     But,  in  all  cases  of  the  wedge. 

That  most  vegetables  expand  their  fluwen  and  -down  in  the  following  b  a  general  rule  for  finding  the  ccWent  of 

fniishiny  weMher:  and  towards  the  ervening,  and  against  it,  vis, 

rain,  close  then  again  ;  especially  at  the  beginning  of  their  To  twice  the  length  of  the  base  add  the  length  of  the 

flowering,  when  their  seeds  are  tender  and  sensible.     This  edge,  multiply  the  sum  by  the  breadth  of  the  base,  and 

is  visible  enough  in  the  down  of  dandelion,  and  other  the  product  by  the  height  of  the  wedge;  then  ^  of  the 

downs;  and  eminently  so  in  the  dowers  of  pimperiMl;  the  last  product  will  be  thesulid  content, 

opening  and  ilnrtting  of  which  make  what  is  called  the  That  is,  (Sag  -1-  dc)   x    ap  x    ^  ec  =  the  content, 

coantryman'i  weal ber- wiser,  by    which  he  foretels  the  See  thii  rule  demonstrated,  and  illustrated  with  exam- 

weatfaer  of  the  Mlowing  d»y.     The  rule  isi^hen  the  pies,  in  ray  Mensuration,  pa.  141,  4lh  edition, 

flowen  are  close  shut  up,  it  betokens  rain,  and  fnutwea-  Wkdgb,  in  Mechanics,  one  of  the  five  mechanical 

tber;  but  when  they  are  spread  abroad,  fair  weather.  powers,  or  simple  engines;  being  a  geometrical  wedge,  or 

The  stalk  of  trefoil,  lord  Bacon  observes,  swells  against  very  acute  triangular  prism,  applied  to  -the  splitting  of 

rain,  and  grows  more  upright ;  and  the  like  may  be  ob-  wood,  or  rocks,  or  raising  great  weights, 

served,  though   less  sensibly,  in  the  stalks  at  most  other  '  This  machine  is  made  of  iron,  or  some  other  hard 

plants.     He  adds,  that  in  the  stubble  fields  there  is  found  matter,  and  applied  to  the  raising  of  vast  weights,  or  scpw- 

a  tmall  red  flower,  called  by  the  country  people  pimper-  rating  very  firm  blocks  of  wood  or  stone,  by  introducing 

nel,  which,  opening  in  a  morning,  is  a  sure  indication  of  a  the  thin  edge  of  the  wedge,  and  driving  it  in  by  blows 

fine  day.  struck  upon  the  back  by  hammers  or  mallets. 

,  It  is  very  conceivable  that  vegetables  shiMild  be  afiected  The  wed<ee  is  the  most  powerful  of  all  the  simple  ma- 

by  the  same  causes  as  the  weather,  as  they  may  be  consi*  chines,  having  an  almost  unlimited  and  double  advantage 

deied  as  so  many  hygrometers  and  thermometers,  consist-  «ver  all  the  other  simple  mechanical  powers ;  both  as  it 

tDg  of  an  infinite  number  of  trachcK,  or  airrves^ls;  by  may  be  made  vastly  thin,  in  proportion  to  its  height;  in 

«4)ich  they  have  an  immediate  communication  with  the  which  consists  ils  owu  natural  power;  and  as  it  is  ni^ed 

air,  and  paitake  of  its  moisture,  heat,  &c.  by  the  force  of  percussion,  or  of  smart  bloWs,  which  is  a 

Hence  it  is,  that  every  kind  of  wood,  even  the  faardeit  force  incomparably  greater  than  any  mere  dead  weight  or 


DigczecDyV^OUyie 


WED  [    ««    3  WEK 

prtiMura,  such  as  is  employed  od  other  nucbioei.    An^  wbeo  ttte  wood  ckaTe*  to  any  dutencr  before  the  wedg^ 

accordingly  we  fiod  it  produces  eSecu  vastly  superior  to  as  it  generally  does,  then  the  puwer  impelling  the  wedge, 

those  of  any  other  power  whatever;  such  as  the  spLittii^  will  be  to  the  rcsittance  of  the  wood,  as  huU  its  thkknew, 

and  raising  the  largest  and  hardest  rocks;  or  even  the  is  to  the  length  of  either  side  oC  ifac  cleft,  estimated  from 

raising  and  tiftiog  the  largest  ship,  by  driving  a  wedge  the  top  or  acting  part  of  the  wedge :  for,  supposing  tht 

uuder  it;  which  a  man  can  do  by  the  blow  i^  a  mallet:  wedge  to  be  lengthened  down  to  the  bottom  of  the  clefl^ 

and  thus,  the  smsU  blow  of  a  hammer,  on  the  back  of  a  the  power  will  be  to  the  resistance,  as  half  the  thickness 

wedge,  appears  to  be  incomparably  greater  than  any  mere  of  the  wedge  is  to  the  length  of  either  of  its  sides.     See 

pressure,  and  will  overcome  it.  Fei^uson's   Lect.  pa.  4U,  &c,  4lo.     See  also    Desagu. 

To  the  wedge  may  be  referred  all  e<lge>taoIs,  and  in-  Exp.  PhiJ.  vol.  1,  pa.  107;  and  Ludlam's  Essay  on  the 

•trumentstbathftvea  sharp  point,  in  order  to  cu[,  cleave.  Power  of  the  Wedge,  printed  in  17/0;  &x. 
slit,  split,  chop,  pierce,    bore,  or  the  like;   as  knives,         The  generally  acknowledgctd. property  of  the  wedge>  and 

hatchets,  swords,  bodkins,  &c.  the  simplest  way  of  demonstrating  it,   may  be  the  foUow-i 

In  tbe  wedge,  the  friction  against  the  sides  is  very  great,  ing:  Wbea  a  wedge  is  kept  in  equilibrio,  the  power  act- 
it  least  equal  to  the  force  to  be  overcome;  because  the  ing  against  tbe  back,  is  to  the  force  acting  perpendicu* 
wedge  retains  any  position  to  which -it  is  driven;  and  larly  against  either  side,  as  the  breadth  of  ihe  back  ab,  is 
therefore  the  resistance  id  at  least  doubled  by  the  friction,  to  the  length  of  the  side  ac  or  KC.-~Demon»lra.     For  any 

Authors  have  been  of  various  opinions  concerning  the  three  forces  which  sustain  one  another'  in  equilibrio.  are 

principle  from  which  the  wedge  derives  its  power.     Ari-  as  the  corresponding  sides  of  a  triangle  that  are  drawn 

■totlf  considers  it  as  two  levers  of  the  first  kind,  inclined  perpendicular  to  the  directions  in  which  the  forces  act. 

towards  each  other,  and  acting  in  opposite  directions.  But  ab  is  perpendicular  to  tbe  fi>rce  acting  on  the  back, 

Guido  Ubaldi,  Mersenne,  &c,  will  have  them  to  be  levers  to  drive  the  wedge  forward ;-  and  the  sides  ac  and  bc  an 

of  the  second  kind.     But  Delania  shows,  ibat  the  wedge  perpend icu I ur  to  the  forces  acting  on  them  ;  therefore 

cannot  be  reduced  to  any  lever  at  all.     Others  refer  the  the  three  forces  are  asihe  said  lines  AB,  AC,  BC. 
wedge  to  the  inclined  plane.     And  othera  again,  with  De-         tience,  the  thinner  a. wedge  is,  tbe  greater  is  its  effect, 

stair,  will  hardly  ^llow  the  wedge  to  have  any  force  at  all  in  splitting  any  body,  or  in  ovevcoming  any  reeislavca 

in  itaelf ;  aKribiag  much  tbe  greatest  part  to  the  mallet  against  tbe  side  of  the  wedge, 
which  drives  it.  WEDNtSDAY,  the  4th  day  of  the  wee*,  formerly 

The  doctrine  of  the  force  of  the  wedge,  according  to  consecrated  by  tbe  inhabitants  of  the  northern  nations  to 

some  writers,   is  contained  ii>  this  pri^ositioo:  "  If  a  Woden  or  Uden.;  who,  being  reputed  the  author  of  magic, 

power  directly  applied  to  the  head  of  a  wedge,  be  to  the  and  inventor  ot  all  the  arts,  was  thought  to  answer  to  th« 

resistance  to  be  overcome,  as  the  breadth  of  the  back  ob,  -  Mercury  of  the  Greeks  and  Romans,  in  honour  of  whom 

is  to  (he  beight  tc  ;  then  the  power  will  be  equal  to  the  the  same  day  was  by  them  called  dies.  Mercurii ;  anl 

rew'tance ;  and  if  increased,  it  will  overcome  it."  hence  it  is  denoted  by  astronumere  by  the  chancier  of 

But  Deiaguliers  has  proved  that,  when  the  resistance  Mercury  tf . 
acts  perpendicularly  a^nst  the  sides  of  the  wedge,  the  WEEK,  adivision  of  tinHsthat  comprises  seven  daya> 
power  is  to  the  whole  resistance,  as  the  thickness  of  the  The  origin  of  [his  division  of  wei-ks,  ur  of  computing 
back  is  to  the  length  of  both  the  sides  taken  together,  time  by  sevenths,  is  much  controverted.  It  has  oliea 
And  the  same  proportion  is  adopted  by  Wallis  (Op.  Math,  been  thought  to  have  taken  its  rise  from  the  four  (|uarten 
vol.  1,  pa.  lOlS),  Keill  (Intr.  ad  Ver.  Phys.],  Gravesando  or  intervab  of  the  moon,  between  her  changes  iif  phases, 
(Elem.  Math.  Lib.  I,  cap.  14),  and  by  almost  all  the  mo-  which,  Jieing  about  7  days  distuiu,  gave  occasiim  to  thtdi* 
dern  mathematicians.  Gravesande  indeed  distinguishes  vision :  but  others  more  probably  from  the  seven  pUnetSi 
the  mode  in  which  the  wedge  acts,  into  two  'cases,  one  in  Be  this  however  as  it  may,  Ih^  division  is  certainly  very 
which  the  parts  of  a  block  of  wood,  &c,  are  separated  far-  ancient.  Tbe  Syrians,  Egyptians,  and  mostof  theotieut^ 
ther.  than  the  edge  has  penetrated  to,  and  the  other  in  nations,  appear  to  have  used  it  from  the  earliest  ages: 
which  they  have  not  separated  farther:  In  his  Scholium  though  it  did  not  get  footing  in  the  west  till  introduced  by 
de  Ligoo  findendo  (ubi  supra),  he  observes,  that  when  the  Christianity.  The  Romans  reckoned  their  days  nut  by 
parts  of  the  wood  are  separated  before  the  wedge,  tbe  sevenths,  but  by  ninths;  and  the  ancient  Greeks  by  do- 
equilibrium  will  be  when  the  force  by  which  it  is  pushed  cads,  or  tenths;  in  imitation  (if  which  the  new  Frenco  co- 
in, is  to  the  resistance  of  the  wood,  as  lendar  seems  to  have  been  framed. 

the  line  ok  drawn  from  the  middle  ef  The  Jews  dii-ided  their  time  by  weeks,  of  7  days  each, 

the  base  to  tbe  side  of  the  wedge  but  as  prescribed,  by  the  law  of  Moses ;  in  which  ihry  were' 

perpendicular  to  the  separated  side  of  appointed  to  work  6  days,  and  to  rest  the  7ih,  in  com- 

the  wood  SG   continued,   is  to  the  memoration  of  the  creation,  which  being  eSiicted   in  S 

heightofthewedge  DC;  butwhenthe  days,  God  rested  on  the  7th. 

parts  of  the  wood  are  separated  no  Some  authors  will  even  have  the  use  of  weeks,  among 

farther  than  tbe  wedge  is  driven  in,  the  other  eastern  nations,  to  have  proceeded  from  the 

the  equilibrium    will    be,   when  the  Jews;  but  with  little  appearance  of  probability.     It  is 

power  is  to  the  resistance,  as  the  half  with  better  treason  that  others  suppose  the  u^  of  w<-eka, 

base  AD,  is  to  its  «de  ac.  among  the  eastern  nations,  to  be  a  remnant  of  the  tradi- 

Mr.  Ferguson,  in  estimating  the  proportion  of  equili-  tion  of  the  creation,  which  tiny  had  still  n-tained  with 

brinra  in  die  two  cases  last  mentioned  by  Gravesande,  divers  others ;  nr  else  from  the  number  <■!  the  plaiii'ts. 
agrees  with  this  author,  and  other  modem  philosophers.         The  Jens  denominated  th'-  days  ol  the  Meek,  tbe  (in^ 

in  the  latter  case;  but  in  the  former  he  contends,  that  second^  third,  fourth,  and  fifth;  and  ib<-  sixth  day  they 
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naned  the  prepantion  of  Ac  Mbbatb,  or  7th  day,  which  '  Weighl,  like  gravity,  may  be  disiingnisbed  into  absolute 

KMwered  to  our  Saturday.     And  the  like  method  )■  ■till  ipectfic,  and   relative.     Newloa   deiaomtrates.    1.  That 

kept  u^  by  the  chriitian  Arabs,  Fenians,  Ethiopians,  &c.  the  weights  of  all  bodies,  at  equal  distances  fmni  the 

The  ancient  heathens  deoomiDated  the  days  c^  the  week  centie  of  the  earth,  are  directly  proporlioiul  to  theqaan- 

from  the  seven  planets;  which  names  are  still  mostly  re-  tiiies  of  matter  that  each  contains  i  Whence  it  follows, 

tained  among  the  christians  of  the  west:  thus,  the  first  that  the  weights  of  bodies  have  no  dependence  on  their 

day  waa  called  dies  solis,  sun-day;  the  9d  dies  lunx,  shapes  or  textures;  and  that  all  space*  ate  not  equally 

moofl-day;  &c;  a  practice  the  mor^  natural  on  Dion's  full  of  matter. 

principle,  that  the  li^ptiaiu  took  the  divisiun  of  the  week        Q.  On  dilfercnt  parts  of  the  i-arth's  surface,  the  weight 

itselfffom  the  seven  planets.  of  the  same  body  is  diSerent;  owing  lo  the  spheroidal 

In  fact,  the  true  reason  for  theae  denominations  seems  figure  of  the  earth,  which  causes  the  body  on  the  sarfsce 
to  be  founded  in  astrology.  For  the  astrologers  dibiribul-  to  be  nearer  the  centre  in  going  from  the  equator  towards 
ing  the  government  and  direction  of  all  the  hours  in  the  the  poles :  and  the  increase  in  the  weight  is  nearly  in  pro- 
week  among  the  seven  planets,  ^lf^09if>,Soat  portion  to  the  versed  sine  of  double  the  latitude;  or, 
that  the  government  of  the  firit  hour  of  the  first  day  fell  which  is  the  same  thing,  to  the  square  of  the  right 
to  Saturn,  that  of  the  second  day  to  Jupiter,  &c,  they  sine  ut  the  latitude:  the  weight  at  the  equator  to  that 
gave  each  day  the  name  Af  the  planet  which,  according  at  the  pole,  being  as  229  to  230 ;  or  the  whole  increase  of 
to  their  doctrine,  presided  over  the  first  hour  of  it,  and  weight  from  the  equator  to  the  pole,  is  the  339lh  part  of 
that  according  to  the  order  above  stated.     So  that  the  the  former. 

order  of  the  planets  in  the  week  hears  little  relation  to         3.  That  the  weights  of  the  same  body,  at  di&tent  diiH 

that  in  which  they  follow  in  the  heavens;  the  former  tances  above  the  earth,  are  inversely  as  the  tquam  of  the 

being  grounded  on  an  imaginary  power  each  planet  has,  distances  from  the  centre.    So  that,  a  body  at  the  dislanco 

in  its  turn,  on  the  first  hour  of  each  day.  of  the  moon,  which  is  60  semi dia meters  from  the  earth's 

Dion  Cattiut  gives  another  reason  for  the  denomination,  centre,  would  weigh  only  the  SSOOlh  part  of  what  it  weighs 

drawn  from  the  celestial  harmony.     For  it  being  observed,  at  the  earth's  surface. 

that  the  harmony  of  the  diatessarvn,  which  consists  in  the       .4.  Thatatdifierent  distances  within  the  earth,  or  below 

ra^o  of  4  to  3,  is  of  great  force  and  effect  in  music  ;  it  the  surface,  the  weights  of  the  saiuc  body  are  directly  ai 

was  thought  proper  to  proceed  directly  from  Saturn  to  the  distances  from  the  earth's  centre:  so  that,  at  halfway 

the  Sun;  because,  according  to  the  old  system,  there  are  toward  the  centre,  a  body  would  weigh  but  half  at  much, 

three  planets  between  Saturn  and  the  Sun,  and  4  from  the  and  at~the  very  centre  it  would  have  no'weight  at  all. 
Sun  to  the  Moon.  5.  A  body  immersed  in  a  fluid,  which  is  specifically 

Our  Saxon  ancestors,  before  their  conversion  to  Chris-  lighter  than  itself,  loses  so  much  of  its  weight,  as  is  equal 

tianity,  named  the  seven  days  of  the  week  from  the  sun  to  the  weight  of  a  quantity  of  the  fluid  of  the  same  bulk 

and  moon  and  some  of  their  deified  heroes,  to  whom  they  with  itself.     Hence,  a  body  lows  more  of  its  weight  in  a, 

were  peculiarly  consecrated,  and  reprcsentit)g  the  ancient  heavier  fluid  than  in  a  lighter  one :  and  therefore  it  weight 

gods  or  planets ;  which  iwmes  we  have  received  and  still  more  in  a  lighter  fluid  than  in  a  heavier  one. 
retain:  llkut,  Sunday  was  devoted  to  The  weight  of  a  cubic  foot  of  puire  water,  is  1000 

the  Sun ;  Monday  to  the  Moon  ;  Tuct-     Q  Sunday  ounces,  or  63{  pounds,  avoirdupois.     And  the  weights  of 

day  to  Tuisco ;  Wednesday  to  Woden ;      (    Monday  the  cubic  foot  of  other  bodies,  are  as  set  down  under  the 

'jiiunday  to  Thor,  the  thunderer;  Fri-     9    Tuesday      '  article  i^tecijSc  Gkavity. 

day  to  Friga  or  Friya  of  Prma,  the  wife      H    Wednesday         In  the  Phi los.  Trans.  (No.  4JS,  pa.  4o7  dec)  is  con- 

ofHior;  and  Saturday  lo  Seater.    And     il  Thursday  tained   some  account  of  the  analogy  between  English 

neariy  according  to  this  order,  the  mo-      t    Friday  weights  and  measures,  by  Mr.  Barlow.     He  stales,  that 

dem  astronomers  express  the  days  of     1^    Saturday  anciently  the  cubic  foot  of  water  was  assumed  as  a  general 

the  week  by  the  seven  planets  as  annexed.  standard  for  liquids.     This  cubic  foot,  of  62i  lb,  multi- 

In  the  ume  order  and  number  also  do  these  obtain  in  plied  by  33,  gives  200O,  the  weight  of  a  ton  :  and  hence  ' 

the  Hindndaysof  the  week.     See  Kindersley's  Specimens  8  cubic  feet  of  water  made  ahogshead,  and  4  hogsheads 

of  Hindu  literature,  just  published,  Svo.  atun,  or  ton,  in  capaci^  and  dcnomioaiion^,  as  well  at 

WEIDLER  (John  Fkedericx)  was  professor  of  ma-  weight, 
thematics  at  Wittenberg.     Besides  a  number  of  commu-         Dry  measures  were  raited  on  the  same  model,    A  bushel 

nicationt  to  the  Royal  Society,  contained  in  vols.  3ti,  38,  of  wheat,  a&sumed  na  a  general  standard  for  all  sons  of 

99,  40,  41,  of  the  Philos.  Trans,  he  was  author  of  several  grain,  also  weighed  tiS^'h.     Eight  of  these  bushels  make 

teparate  works  :  as,  1.  Inititutiones  Mathemalics,  in  Svo,  a  quarter,  and  4  quarters,  or  32  bushels,  a  ton  weight. 

1725.   Thisisavciy  thick  volume,  and  contains  a  general.  Coals  were  sold  by  the  chaldron,  supposed  to  weigh  a  ton, 

though  concise  course,  of  all  the  mathematical  sciences,  or  2000  pounds;  though  in  reality  it  weight  perhaps  up- 

3.  Observationet  Meteorologicm  et  Asironomice,  173p.  wards  of  3000  pounds. 
3.  Historia  Astronomica,  in  4to,  1741.  Hence  a  ten  in  weight  is  the  common  standard  for 

WEIGH,  Wat,  or  WsT,  a  weight  of  cheese,  wool,  &c,  liquids,  wheat,  and  coals.  Had  this  analogy  beeu  ad- 
containing  356  pounds  avoirdupois.  Of  corn,  the  weigh  hered  to,  the  confusion  now  complained  of  would  have 
contains  40  bushels;  of  barley  or  malt,  6  quanen.  been  avoided. — It  may  reasonably  be  supposed  that  corn 

WEIGHT,  or  Gravity,  in  Physics,  a  quality  in  natural  and  other  commodities,   both  dry  and  liquid,  were  fint 

bodies,  by  which  they   tend  towards  the  centre  of  the  sold  by  weight ;  und  that  measures,  for  convenience,  were 

earth:  and  it  is  equal  to  the  eflbrt  neceiiary  to  prevent  afterwards  introduced,  as  bearing  some  analogy  to  tba 

D  body  from  falling.     See  Gkavitt.  wnghls  before  used. 
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Weigijt,  Pondn*,  in  Mechanics,  denotes  any  thing  than  the  law  had  expressly  ei^oined,  and  this  be  obaervet 

to  be  raised,  iiulaineit,  or  moved  by  a  machine  ;  or  any  happened  to  be  a  6lh  part  more.     Apothecaries  buy  their 

tbing  tbatinany  niannerrvtisfslheniotionlo  beproduccd.  drugs  by  avoirdupois  weight,  but  they  compound  them 

In  all  machines,  thereisa  tiacural  and  fixed  ratio  between  by  troy  weight,  tboagh  under  some  Uule  variation  of  nunc 

the  weight  and  the  moving  power;  and  if  ihey  be  such  as  and  divisions. 

to  balance  each  other  in  equilibrio,  and  then  the  machine  The  troy  or  jjfone  pound  weight  in  Scotland,  which  by 

bi>  put  in  motion  by  any  other  force  [  the  weight  and  statute  is  to  Usthe  same  as  the  French  pound,  is  com- 

power  will  always  be  reciprocally  ai  the  velocities  of  them,  monly  supposed  e<)ual  to  15}  English  troy  ounces,  or7J60 

or  of  their  centres  uf  gravity  ;  or  their  momentums  will  be  grains;  but  by  a  mean  of  the  standards  kept  by  tbe  dean 

i-qual^  that  is,  the  pnHluct  of  the  wdght  multiplied  by  its  of  gild  of  Edinburgh,  it  weighs  75^yy  or  7000  grains 

velocity,  will  be  equal  to  the  product  of  the  power  mul-  tiearly. 

liplied  by  its  velocity.  .    The  following  tables  show  tlie  divisions  of  (he  Iroy  and 

Weioht,  in  Commerce,  denotes  a  body  of  a  known  avoirdupois  weights, 
weight,  appointed  to  be  put  into  a  balance  against  other 


bodies,  whose  weight  is  required  to  be  known.  These 
weights  are  usually  of  lead,  iron,  or  brats ;  though  in  se- 
veral parts  of  the  East  Indies  common  flints  are  used  ;  and 
in  some  places  a  sort  of  little  beans.  The  diversity  of 
weights,  in  all  nations,  and  at  all  times,  makes  one  of  the 
most  perplexing  circumstances  in  commerce,  &c.  And 
it  would  be  a  very  great  convenience  if  all  nations  could 
agree  on  a  universal  standard,  and  system,  both  of  weights 
and  measures. 

Weijjhts  may  be  distinguished  into  ancient  and  ntodern, 
foreign  and  domestic.     - 

Modern  Weights,  uted  in  the  teveral  parii  qf  Europe, 
and  the  Levaat. 

Eagluh  WEienrs.  By  the  27th  chapter  of  Magna 
Chariik,  the  weights  ate  to  be  the  same  all  over  England  : 
but  for  diD'erent  commodities  there  ere  two  different  kinds, 
vii,  troy  weight,  and  avoirdupois  weight. 

The  origin  from  which  both  of  these  are  raised,  is  the 
grain  of  wheat,  gathered  in  the  middle  of  the  ear : 
3:i  of  these,  well  dried,  mada  one  pennyweight, 
20  pennyweights      .      -     -    one  ouncei  and 
12  ounces     -     -      -      -    .    one  pound  troy ; 
by  Stat.  51  Hen.  Ill;  31  Edw.  I;  12  Hen.  VII. 

A  learned  writer  has  shown  that,  by  the  laws  of  assize, 
from  William  the  Conqueror  to  the  reign  of  JlenryVIl, 
the  ]egsi\  pound  weight  contained  a  pound  of  12  ounces, 
raisird  from  32  grains  of  wheat;  and  the  legal  gallon  mea- 
sure contained  8  of  those  pounds  of  wheat,  8  gallons  mak- 
ing the  bushel,  and  S  bushels  the  quarter. 

Henry  VII.  altered  the>old  English  weight,  and  intro- 
duced the  troy  pound  in  its  stead,  being  3  quarters  of  an 
ounce  only  heavier  than  the  old  Saxon  pound,  or  1-I6th 
heavier.  The  first  statute  that  directs  the  use  of  the  avoir- 
dupois weight,  is  that  of  24  Henry  VIII ;  and  the  parti- 
cular use  to  which  this  weight  is  thus  directed,  is  simply     '"  j 


eighing  butcher's 
now  usi^d  for  weighing  all  kindsof  coarse  and  large  articles. 
This  pound  contains  7000  troy  grains;  while  the  troy 
pound  itSL'lf  Contnins  only  5760  grains,  and  the  old  Saxun 
pound  weight  but  5400  grains.  Fhilos.  Trans,  vol.  63, 
art.  3. 

"n  common  use  in  England,  two 


Ta&fc  qf  Trot,  Wf^kt,  as  uud, 
1.  By  the  Goldsmiths,  &c. 

Gnini         Pcnnjiri. 

24  s       1  dwt. 
480  =:     30  ss  1  OS. 
5760  =  240  =  12  =  I  lb. 

3,  By  the  Apothecaries. 
Graim        Scruple* 
20  =       19 
00  B     3=1  Dram  3 
480  =    34  s    8  =     1  Ounce  | 
5760  =  288  =  96  =  12  =  1  lb. 

Table  qf  Avoirdupoit  Wdght. 

DiSlSt  OUDCM 

16=      1 

856  =B        16  =        1  lb. 
7168  =      448  s      28  =    1  quar. 
28679  =    1792  =     1 12  s=    4  =     I  cwt. 
573440  =  35840  =  3S40  =,80  =  20  =  1  ton. 
Mr.  Ferguson  (Lect.  on  Mech.  pa,  100,  4to)  gives  the 
following  comparison  between  troy  and  avoirdupois  weight. 
175  Iroy  pounds  arc  equal  to  144  avoirdup.  pounds. 
175  troy  ounces  are  equal  to  192  avoirdup.  ounces. 
1  troy  pound  contains  576o  grains. 
1  avujrdapois  pound  contains  7000  grains. 
I  avoirdupois  ounce  contains  437^  grains. 
1  avoirdupois  dram  contains  27*34375  grain*. 
1  troy  pound  contains   13  oz.  2-651428576  diotns 

avoirdupois 

I  avoirdup. lb. contains  lib.  2oz.  lldwts  I6gr.  troy 

The  moneyers,  jewellers,  &c,  have  a  particular  class  of 

tveights,  for  gold  and  precious  stones,  viz,  carat  and  grain, 

being  24  grains;  and  forsilver,  the  pennyweight 

The  fitst  have  also  a  peculiar  subdivision  of 


ket;  though  it  is     (,^  ■    i„  .  (hi,     dividing 

and  larupjirlidp*.  j  6  '  -o  ^ 

the  grain  into  20  mites 
the  mite  into  24  droits 
the  droit  into  20  periots 
the  periotinto  34  blanks. 
The  dealers  in  wool  have  likewise  a  particular  set  of 


different  weights,  viz,  troy  weight'  and  avoirdupois  weight,  "eights ;  viz,  the  sack,  weigh,  tod,  stone,  and  clove,  tb* 

the  former  bfing  employed  in  weighing  such  fine  articles  proportions  of  which  areas  below:  viz, 
as  jewels,  gold,  silver,  silk,  liquors,  &c :  and  the  latter  for  the  sack  cootaiiting  2    weighs 

coarM-  and  heavy  articles,  as  bread,  corn,  flesh,  butter,  the  weigh      •      -     6i  tod* 

cheese,  tallow,  pitch,  tar,  iron,  copper,  tin,  he,  and  all  the  tod     -    -      -     2    staD» 

grocery   wares.      And  Mr.  Ward   supposes  that  it  was  the  stone       -      -     2    cloves 

broujiht  into  use  from  this  circumstance,  viz,  as  it  was  the  clove       -      -     7    pounds, 

customary  to  allow  larger  weight,  of  such  coarse  articles,  Also  12  sacks  make  a  tut  or  4368  pounds. 
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56  lb  of  old  hay,  or  60  lb  new  bay,  make  a  (run. 

40  lb  of  itnw  make  a  IruiSi 

36  truuei  make  a  load,  of  bay  or  itraw. 

14  lb  make  a  atone. 
5  lb  of  glaat  a  »tone.  ^ 

Frenck  Weiobts.  The  common  or  ffia  old  pound 
weight,  ii  to  the  English  troy  pound,  aa  91  to  \6,  and  to 
the  avoirdupoJR  pound  a*  27  to  S5  ;  it  therefore  conlaiils 
7560  troy  grain*;  and  it  is  divided  into  16  ouncit  like 
the  pound  avoirdupoii,  but  mure  particularly  ihu«:  the 
pound  into  S  marcs  ;  the  marc  into  8  ounces ;  the  ounce 
into  8  gioa,  or  drams ;  the  gross  or  dram  iniu  3  denicre, 
Paris  scruples  or  pennyweights ;  and  the  pennyweight  into 
S4  grains ;  the  grain  being  an  equivalent  to  a  grain  of 
wheat.  So  (hat  the  Paris  ounce  contaJne  V'ii  troy  grains, 
and  therefon;  it  is  to  the  £nglish  troy  ounce  as  63  to  64. 
But  in  several  of  the  French  pro*iBces,  the  puutid  is  of 
other  di&rent  weights.  A  (juintat  is  equal  to  100  pounds. 
ThbU  qfold  Bvtick  Weight*  vntk  the  Kquivalait  in  Trey  and 
dooiTdupoii  tyidght. 


French. 

1  Pound 
1  Marc 
1  Ounce 
1  Gros 
1  Scruple 
1  Grain 


Troy. 


Aminliipou. 
m.      in.     V 


J9J 

i 


16 

72 


The  new  French  weights  are  those  which  ba«e  for  their 
meuarea  unit,  called  a  gramme.  His  gramme  is  the 
absolute  weight  of  the  cube  of  the  Bontimetre,  or  100th 
part  of  the  metre,  or  3f  t'nglish  feet,  of  distilled  water, 
taken  at  iU  maximun  of  density ;  and  uiswen  to  1<)  Paris 
grains,  or  to  ISf  English  graiu.  The  kilogramme,  or  the 
weight  of  a  lOOO  grammes,  is  equal  to  about  39^  troy 
ounces.     See  the  article  MBASU&Ea. 

The  weights  above  enumerated  under  the  two  articles 
of  English  and  French  weights,  are  the  Mme  as  are  used 
throughout  the  greatest  part  of  Europe ;  only  under  iom»- 
wbat  di^ren^  names,  di?isions,  and  proportiont.  Ahd 
besides,  particular  nations  have  also  certain  weights  pe- 
culiar to  themselves,  of  too  little  consequence  here  to  be 
enumerated.  But  to  show  the  proportion  of  these  several 
weights  to  one  another,  there  may  be  here  added  a  reduc- 
tion of  the  divers  pounds  in  use  throughout  Europe,  by 
which  the  other  wpights  t^re  estimated,  to  one  standard 
pound,  vis,  the  old  pound  of  Amsterdam,  Paris,  and  Bonr- 
deaux ;  at  they  were  accurately  calculated  by  M.  Ricard, 
and'  published  in  the  new  edition  of  bis  Trait6  de  Com- 
merce in  1723. 

Preforlim  qf  theVfxiOHTS  qfihe  chief  Giiet  in Enrcpe,  to 

that  <if  Amsterdam,  or  the  old  Fraich  Poiatd, 

loo  pounds  of  Amsterdam  are  equal  to 


lOSlbsofAlicant 
105  Antwerp 

130  Archangel,  or 

3  poedes 
105  Arschot 

J  20  Avignon 

98  Basil 

100         '  Bayonne 
166  .Bergamo 

97        Berg,  op  Zoom 


t)5{lbaof  Bergen,  Norw. 

Ill  Bern 

100  Braati9oa 

100  Bilboa 

105  Boisle  Due 

1 51  Bologna 

100  Bourdeaux 

104  BouiBcnBresse 

]  03  Bremen 

12S  Breslaw 


,     WalOHTtCfffUMluA 

100  pounds  of  Amsterdam  are  equal  to 
]051b*ofBniget  J  t41btof  Madrid 


105 

Cadix 

105 

Colt^e 

1074 

Copenhagen 

87 

ll3f 

Dantaic 

100- 

Dort 

97 

Dublin 

97 

Edinburgh 

143     . 

Florence 

98 

Franckfort.  sur 

Maine 

105 

Gaunt 

89 

Geneva 

163 

Genoa 

103 

Hambu^ 

125 

105 

Leipsic 

100 

Uyden 

143 

Leghorn 

1054 

Lipge 

106 

Lisbon 

114 

109 


,  Bvoirdu- 


100 
158f 
100 
114 

110' 


Maraeillca 
Measina 

Milan 
Montpelier 

Muacovy 

Naotea 

Nancy 

Naples 

Nuremberg 

Paris 

Revel 

Riga 

Hochel 

Rome 

Rotterdam 

S.  Malo 
S.  ttebastian 


158^ 


Seville 

Smvnia 

Stetin 

Stockholm 

Thotouse 

Valencia 
Venice 


105  LoUTain 

105-  Labeck 

1414        Lucca 
1 16  Lyons 

Jncitiit  Weiorts. 

1.  The  weigbti  of  the  ancient  JeWi,  Mduced  ts  the 
Enslish  troy  weights,  will  stand  as  bdow : 

lb  «  dwt  gr 
Shekel  .  -  0  0  9  2f 
Hanch  ■.  -  2  3  6  lOf 
Taltnt        -         -     113  10     1   10^ 

2.  Grecian  and  Roman  weights,  reduced  to  English 
troy  WMght,  are  aa  in  the  following  table  : 


Lentes 
Siliquc 
Obolus  - 
Scriptulum 
Dnchma  - 
ScxtoU  - 
Sicilicus  - 
DnelU  - 
CncU  - 
Libra 


which  they  divide  into  7  <l< 
and  as  they  reckoned   theii 


0  0     3^ 

O  0    9.V 

0  0  18^ 

0  2     (hV 

0  3     O7 

0  4  I3t 

0  fi     U 

O  18     5^ 

0  10  IS   ISf 


The  Roman  ounce  is  the  Englisb  avoirdnpois  ounce. 


inarii>  as  well  as  8  drachms; 
denarius  equal   to  the  Attic 


drachm,  this  will  make  tbe  Attic  weights  one-«ghth 
heavier  than  the  correspondent  Roman  weights.  Arbuth. 
Regulation  t^  Wki^Bts  mtd  MtMwmn. — This  is  a 
branch  of  the  king's  prerogative.  For  the  public  conve- 
nience, these  oughtto  be  universally  the  same  tbrou^out 
the  nation,  the  better  to  reduce  the  prici's  of  articles  to 
equivalent  values.  But  as  weight  and  measure  are  itiinp 
in  their  nature  arbitrary  and  uncertain,  it  is  necessan 
that  they  be  reduced  to  some  fixed  rule  or  standard.  It 
is  however  impossible  to  £x  such  a  slandsrd  by  any  writ- 
ten law  or  oral  proclamation ;    as  no  person  can,  by 


Digit.zecDvV'JUyit; 
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word»  only,  give  to  Mother  an  arfequale  idra  of  a  pound  dard  gold  is  coined  into  44j  gDineos,  and  therefore  ^very 

weight,  or  foot-role.     It  ii  therefore  expedient  to  have  guinea  should  weigh  5  dwls  9jf  greine. 
recourse  to  tome  visible,  palpable,  raaterial  slandanl ;  by        A  pound  of  silver  for  coin  contitim  1 1  oe  2  dwM  pDK 

forming  a  comparison  with  which  all  weights  and  mea-  silver,  and  18  dwts  alloy :  and  standard  sitver-plate,  1 1 

■nret  may  be  reduced   to  one  uniform   size.     Such    a  ounces   pure  silver,  with    I   ounce  alloy.     A  pcnind  of 

Btaodard  was  anciently  kept  at  Winchester;  and  we  find  standard  silver  is  coined  Into  62  shillings;  ami  tberefora 

in  the  laws  of  king  Edgar,  near  a  century  before  the  con-  the  weight  of  a  shilling  shouM  be  3  dwi$  20|*  grains. 
quest,  tp  injunction  that  that  measure  should  he  observed  Unieenal  Standard  for  Weig  rts  and  Meaturei. 

tbrunghont  rhe  realm.  .  Philosophers,  from  their  habits  of  generalizing,  haw 

Moat  nations  have  regulated  the  standard  of  measures  often  made  speculations  for  forming  a  general  stnndard 

of  length  from  some  parts  of  ibe  human  body;   as  the  for  weights  and  measures  through  the  whole  world.  These 

palm,  the  haitd,  the  span,  the  font,  the  cubit,  the  ell  (vhvt  have  becji  devised  chiefly  of  a  philosophical  nature,  oi 

or  arm),  the  pace,  and  the  fatbom.     But  ad  tbeae  are  of  best  adapted  to  universality.     After  the  invention  of  pen- 

diRcrent  dimensione  in  men  of  different  proportions,  an-  dulum  clocks,  it  first  occurred  that  the  length  of  &  pen-*    - 

cicnt  historians  inform  us,  that  a  new  standard  of  length  dulum  which  should  vibrate  seconds,  would  be  proper  to 

Was  fixed   by  our  king  Henry  the  first;  who  command-  be  made  a  universal  standard   for  lengths;    wfaeihcrit 

ed  that  the  ulna  or  ancicni  ell,  which  answers  to  the  should  be  called  a  yard,  or  any  thing  else.     But  it  wa* 

modern  yard,  should  be  made  of  the  eitact  length  of  his  fouiid,  that  it  would  be  difficult  in  practice,  to  measure 

own  arm.  '  and  determine  the  true  length  of  such  a  pendulum,  that 

A  standard  of  long  measure  being  once  obtained,  all  is  the  distance  between  the  point  of  suspension  and  the 

Others  are  easily  derived  from  it ;  those  of  greater  length  point   of  oscillation.  '   Another  cause  of  inaccuracy  was 

by  multiplying  that  original  standard,  those  of  less  by  afterwards  discovered,  when  it  was  found  that  the  seconds 

dividing  it,     Ilius,  by  the  statute  called  compositio  ul-  pendulum  was  of  different  lengths  in  all  t!ie  diFerent  latt- 

iiarum  et  pcrticarum,  5}  yards  make  a  pt-rch  ;  and  the  tudes,  owing  to  the  spheroidal  figure  of  the  earth,  which 

yard  is  subdivided  into  3  feet,  and  each  foot  into  IS  causes  that  all  places  in  different  latitudes  are  at  different 

inches;  which  inches  will   be  each   of  the  length  of  9  distances  from  the  centre,  and  consequently  the  pendu- 

bariey-corns.     But  some,  on  the  contrary,  derive  all  meo-  lums  are  acted  on   by  diflercnt  Ibrccs  of  gravity,  and 

sures,  by  composition,  from  the  barley-corn.  therefore  require  to  be  of  different  li'ngths.     In  the  lati- 

SupcrHcial  measures  are  derived  by  squaring  those  of  tude  of  London  this  is  found  to  be  39^  incbeg. 
length;  and  measures  of  capacity  by  cubing  them.  The  Society  of  Arts  in  London,  among  their  many 

The  standard    of  weights  was  originally  taken  from  laudable  and  patriotic  endeavours,  offered  a  handsome 

grains  or  coras  of  wheat,  whence  our  lowest  deoomina-  premium   for  the  discovery   of  a  proper   standard   for 

tiun  of  weights  ^s  still  called  a  grain  ;  32  of  which  are  weights  and  measures.     This  trought  them  many  expe* 

directed,  by  the  statute  called  compositio  mensuramm,  dients,  but  none  that  merited  any  attention,  except  one, 

to  compose  a  pennyweight,  20  of  which  make  an  ounce,  an  improvement  in  the  method  of  the  pendulum,  by  Mr. 

and  12  ounces  a  pound,  ficc.  Hatton,  in  the  year  \779-     This  consisted  in  the  applica- 

Under  king  Richard  the  first  it  was  ordutied,  that  there  tion  of  k  moveable  point  of  suspension  to  one  and  the 

should  be  only  otic  weight  and  one  measure  throughout  same  pendulum,  in  order  to  produce  the  full  and  absolute 

the  nation,  and  that  the  custody  of,  the  assize  or  standard  effect  of  two  pendulums,  the  difference  of  whose  length* 

of  weights  anti  measures,  should  be  committed  to  cenain  was  the  intended  measure.     Here  also  the  ratio  of  their 

persons  in  every  city  and  borough  ;    whence  the  ancient  lengths  was  easily  determined,  from  observing  the  number 

office  of  the  king's  ulnager  seems  to  have  been  derived,  of  vibrations' performed  in  a  given  time  at  ^each  point  of 

These  original  standards  were  called  pondns  regis,  and  suspension.     Whence  there  being  two  equations  and  two 

mensura  domini   regis,  and  are  directed   by  a  variety  of  unknown  quantities,  the  actual  lengths  of  the  pendulum! 

subsequent  statutes  to  be  kept  in  the  exchequer  chamber,  themselves  might  be  readily  deduced  by  simple  algebraic 

by  an  officer  called  the  clerk   of  the   market,  except  the  rules. 
,  wine  gallon,  which  is  committed  to  the  city  of  London,         The  late  ingenious  M'r.  Wfaitehurst  much  improved  on 

and  kept  inGuiliihall.  Mr.  Hatton's  ori^nal  notion,  in  his  essay  published  in 

The  Scottish  standards  are  distributed  among  the  oldesf  1767  under  i  he  title  of  "  An  attempt  towards  obtaining 

boroughs.     Tlie  elwand  is  kept  at  Edinburgh,  the  pint  at  Invariable  Measures  of  Length,  Capacity,  and  Weight, 

Stirling,  the  pound  at  Lanark,  and  the  firlot  at  Linlith-  from  the  Mensuration  of  Time,  &c."     Mr.  Whitehum'i 

gow.  proposal  is  to  obtain  a  measure  of  the  greatest  length 

The  two  principal  weights  established  in  GreatBritain,  that  convcnicncy  will  permit, from  two  pendulums  whose 

are  troy  weight  and  avoirdupois  weight,  at  before  men-  vibrations  are  in  the  ratio  of  2  (o   1,  and  whose  length 

tioned.     Under  the  head  of  the  former  it  may  farther  be  coincide  with  the  English  standard  in  whole  numbers.  Hii 

added,  that  '  numbers  were  chosen  with  considerable  judgment  and 

A  carat  is  a  weight  of  4  grains ;  but  when  the  term  is  skill.     On  a  supposition  that  the  length  of  the  sttconds 

applied  to  gold,  it  denotes  the  degree  of  fineness.     Any  pendulum,  in  the  latitude  of  London,  is  39f  inches,  the 

quantity  of  gold  issupposed  dividedinto24parts.     If  the  length  of  one  vibrating  42  times  in  a  minute  must  be 

whole  mass  be  pure  gold,  it  is  said  to  be  24  carats  fine  ;  80  inches;  and  that  of  another  vibrating  84  times  in  a 

if  there  be  2S  parts  of  pure  gold,  and  one  part  of  alloy  minute  must  be  20  inches  ;  their  difference  60  inches,  or 

or  base  mcial,  it  is  said  to  be  23  carats  fine,  and  so  on.  5  feet  is  his  standard  measure.     The  difference  of  the 

Pure  gold  is  loo  soft  to  be  used  for  coin.     The  standard  lengths  of  two  pendulums,  however,  resulting  from  his 

coin  of  this  kingdom  is  22  carats  fine.    A  pound  of  stau-  ex^ment,  was  dSSpS  inches,  instead  of  W,  the  dif- 
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ference  being  tKcasicmed  by  an  error  in  the  origlnd  at-    tutronomer,  a  geometrician,  &c,   eod  well  dewrvini;  of 
■nrnptioii  of  592  inches  instead  ofsg-l2&  or  SOJ  inches,     "  '    "  "  '  .  .      ■ 

w  it  is  very  nearly.  Still,  Mr.  Whitehunt  hu  accom- 
plisbed  a  principal  part  of  his  grand  design,  by  showing 
how  an  invariable  slandard  may  always  be  found  for  the 
same  latitude.  But  this  it  by  no  means  all  that  is 
■  wanted. 


beiiip,  better  tiiiown  than  he  is,  having  contributed  by  hit 
writing  on  trigonomciry,  and  other  parts  ol  tbe  mnthe- 
maiics,  to  ditfuM  a  taste  for  ibesc  sciences,  it  appnin 
that  he  wrote  5  buoLa  on  triangles,  la  his  time  tbe  use 
of  the  cross-Stan  began  to  be  introduced  among  seamen ; 
this  ancient  lostrunii'nl  beiilg  descnbed  by  him,  in  bis 
The  French  philosophers  have  gone  much  farther,  and  Aunotations  on  the  first  book  of  Ptolemy's  Ciei^nipby, 
have  very  judiciously  deduced  tbe  measures  of  capacity,  printed  in  1514;  where  he  recommends  it  fur  olneiviug 
and  those  of  weight  from  tbe  standard  lit>ear  measure ;  the  distance  between  tbe  moon  and  some  star,  in  order 
confining  themselves  throughout  to  tbe  decimal  divi-  thence  to  determine  ibe  longitude.  In  1522,  he  published 
gion.  Opera  Matbematica  at  Nuremberg,  in  4to,  containing  a 

But  their  system  is  liable  to  this  heavy  objection,  that  specimen  of  the  Conies,  with  some  solid  prublems,  and  in 
it  depends  on  an  accurate  measure  of  a  quarter  meridian  which  also  he  ileteriained  the  precession  (rf  ihe  equinox 
of  the  earth,  at  the  ssuoc  time  that  no  such  accurate  mea-     more  exactly  II. an  it  bad  before  been  done. 


s  as  yet  been  obtained;  and  at  tbe  same  1 
bably  that  the  meridians  differ  so  widely  among  tbemst'lves 
as  to  leave  no  reiuonable  expectation  that  a  correct  me- 
dittm  length  of  n  meridian  will  ever  be  found. 

Some  other  method  then  must  be  resorted  to,  if  we  wish 
toobtainauniverealnreasureiwhicbattbcsame  time  that  it 
■hall  be  invariable,  shall  be«a3ily  recovered  on  the  sup- 
position that  the  actual  standard  is  lost.  Perhaps  the 
least  objectionable  way  would  be  to  lake  for  tbe  length 
of  tbe  metre  the  length  of  a  simple  pendulum  vibrating 
seconds  at  the  equator,  at  a  certain  height  above  the  sur- 
face of  the  sea,  when  the  thermoractcr  is  at  a  &xed  me- 
dium temperature:  tbe  length  of  tbe  metre  would  then 
be  about  39-027'  English  inches,  instead  of  3937033, 
the  metre  of  tbe  new  I'rench  system.     Tbe  magnitude  of 


WtLRSr,  a  Rumian  measure  of  length,  equal  to  3500 
Eiigli.h  teet,  or)  of  an  English  mile. 

WE^l',  one  of  tbe  cardinal  points  of  the  horison,  or 
of  the  Compass,  diametrically  opposite  to  tbe*eut,  (x 
lying  on  the  left  hand  when  we  face  tbe  north.  Or  west 
is  strictly  tbe  intersection  of  riie  prime  vertical  with  the 
horizon,  on  [hat  side  where  tbe  sun  sets. 

WtsT  WtJid,  is  also  called  Zephyrus,  and  Favonius. 

West  Diul.     See  Dial. 

WLb'l'EKN  AMplitude,  Horhom,  Ocean.  See  tbe  se- 
veral articles. 

WbbTlNG,  in  Navigation,  is  thequantity  of  departure 
made  good  to  the  westward  from  the  meridian. 

WI:Y.     See  Weioa. 

WHALB,    in  Astronomy,    one  of  the  constellations. 


the  are,  the  stere,  the  gramme,  &c,  (or  any  other  terms  SccCetus. 
thought  proper  to  introduce  fur  similar  purposes),  might  WHF.LLL,  in  Mechanics,  a  simple  machine,  consisting 
have  the  same  relations  to  the  metre  aa  in  the  French  of  a  circular  piece  of  wood,  metal,  or  other  matter,  that 
system.  Thus  should  we  possess  a  standard  taken  from  revolves  on  an  axis.  This  is  otherwise  callfd  Wheel  and 
the  gravitating  force  of  tbe  globe  we  inhabit,  and  which  Axle,  ur  Axis  in  Peritrochio,  as  a  mechanical  power,  he- 
might  be  safely  considered  at  invariable,  so  long  a&the  ing  one  of  the  most  frequtnt  and  useful  of  any.  In  this 
constitution  of  the  earth  and  its  time  of  rotatioo  remain  capacity  of  it,  the  wbtcl  is  a  kind  of  perpetual  lever,  and 
the  same.  -  tbe  axis  another  lesser  one;  or  the  radius  of  the  wheel 
Tbe  material  standard  itself  also  might  be  chosen  of  and  that  of  its  axis  may  be  considered  as  the  longer  and 
9  shape  that  should  possess  the  double  advantage  of  shorter  arms  of  a  lever,  the  centre  of  the  wheel  being  ibo 


being  little  affected  by  changes  of  temperature,  and  being 
■  pendulum  whose  distance  between  the  point  of  suapen- 
md  centre  of  oscillation,  should   be  exactly  equal 


fulcrum  oi  point  of  suspension.  Whence  it  is,  that  the 
power  of  this  niachinc  is  estimated  by  this  rule :  As  tbe 
radius  of  the  axis  is  to  the  radius  of  the  wheel  or  of  tbe 


to  a  fixed  dimension  of  the  pendulnm  that  might  readily  circumference  ;  so  is  any  given  power,  to  the  weight  it  will 

be  measured  with  exactness.     Such  a  body  we  have  in  a  sustain. 

right-angled  cone,  or  one  (he  diameter  of  whose  base  is         Wheels,  as  well  as  their  axes,  are  frequently  denied,  or 

eqiial  to  its  altitude ;  for  when  this  cone  it  suspended  by  cui  into  leeth,  and  arc  then  of  use  on  many  occasions; 

its  vertex  as  a  centre  of  motion,  the  centre  of  oscillation  as  in  jacks,  clocks,  mill-ivork,  &c;  by  which  means  ibey 

the  centre  of  the  base;  and  when  it  is  suspended  by  are  capable  of  moving  and  acting  on  one  another,  and  of 


its  bate,  the  centre  of  oscillation  coincides  with  the 
tex  of  tbe  solid;  the  length  of  the  isochronous  simple 
pendulum  being  in  both  cases  equal  to   the  altitude  of 
tbe  cone,  or  to  the  diameter  of  its  base. 

The  universal  standard  for  lengths  being  once  esta- 
blished, those  of  weights,  &c,  evidently  follow.  For  in- 
stance, a  vessel  of  ceitain  dimensions,  being  liiled  with 
distilled  water,  or  some  other  homogeneous  matter,  the 
weight  of  that  may  be  considered  as  a  standard  for  weights. 
See  also  our  article  Measure. 

Weight  of^the  Air,  Water,  &c.  See  those  ariicln 
severally.     See  aUo  Specific  Gkatitt. 

WKRNER  (John),  of  Nuremberg,  was  born  in  ll€s 
und  died  1528,  and  appears  to  have  been  the  best  mathi 
nutticiaii  of  hit  time,  being  highly 


leing  combined  together  to  any  extent ;  the  teeth  either 
of  the  axis  or  circumference  working  in  those  of  otucr 
wheels  or  axles;  and  thus,  by  multiplying  the  power  to 
any  extent,  a  very  great  effect  is  produced. 

7b  compme  the  power  qf  a  cambuuUton  of  Wheela;  the 
tectb  of  the  axil  of  eviry  wheel  acting  on  those  in  the 
circumference  of  the  ne.^t  following.  Multiply  cotiinu* 
ally  together  the  radii  of  all  the  axes,  as  also  the  radii  of 
all  the  wheels ;  then  it  will  bi-,  as  the  former  product  is  to 
the  latter,  siJ  is  a  given  power  applied  to  the  circumfer- 
ence, to  the  weight  it  can  sustain.  Thus,  for  example,  in 
a  combination  of  five  wheels  and  aKles,  to  find  the  weight 
a  man  can  sustain,  or  raise,  whose  force  is  equal  to  150 
pounds,  the  radii  of  tbe  wheels  being  SO  inches,  and  those 
being  highly  distinguished  as  -on     of  the  axes  3  inches. 
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X     3  X     5x3  =  343,     ~  wciglit  tbtn  the  other  docs  ;  id  which  mm  it.  it  belt  for 

0  X  30  =  24300000,  the  wfa'eela  to  be  dished,  becxiue  the  ipokei  become  per- 

150  :  15000000  lb,  the  pendicular  in  the  rut,  ftnd  therefore  have  the  greuinit 

s  more  than  6696  tons  strength  wben  the  obliquity  of  the  ruad  throws  most  of 

vreigbl.    So  prodigious  is  the  incrttue  of  power  in  a  com-  the  weight  on  them  ;  while  thoae  on  the  high  ground  have 

biiiation  of  wheels !  lest  wdght  to  bear,  and  theicfore  need  not  be  at  tbeir  full 

But  it  is  to  be  observed,  that  in  this,  as  well  «s  every  itrength. 
otljer  mechanical  engine,  whatever  is  gained  in  power,  is         4.  The  axlei  of  tbe  wheel*  ihould  be  quite  straight, 

lost  in  time;  that  is,  tbe  weight  will  move  as  much  slower  and  perpendicolu  to  tbe  ibaft*.  or  to  tbe  pole.     When 

n  ibe  power,  as  the  force  is  incnraied  or  multiplied,  the  axles  are  straight,  ihe  rima  of  the  wheels  will  be  pa- 


Here    3  X     3  X     3  X 

and  30  X  30  X  30  X 
therefore  as  243  :  34:100000  : 
weight  h«  can  sustain,  which 


wliich  in  Ibe  example  above  is  100000  ti 


•s  slow. 


raltel  tu  each  othcri  in  which  case  they  will  r 
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Hence,  having  given  any  power,  and  ihe  weight  to  be     easiest,  because  they  will  be  at  liberty  to  proceed  straight 


forwards.  But  in  the  usual  way  of  practice,  the  ends  of 
tie  axles  are  bent  downwnrdg;  which  always  keeps  the 
ides  of  the  wheels  that  arc  next  the  ground  nearer  to  each  ' 
of  the  radii  of  the  wheels  and  other  than  their  upper  sides  are ;  and  this  not  only  makes 
the  wheels  drag  sideways  as  they  go  along,  and  gives  tbe 
load  a  much  greater  power  of  crushing  them  than  when  ' 
they  are  parallel  tn  each  other,  but  also  endangers  the 
overturning  the  carriage  wben  a  wheel  fails  into'  a  hole  or 
rut,  or  when  thff  carriage  goes  on  a  road  that  has  one  side 
lower  than  the  other,  at  along  the  side  of  a  hilt.  Mr. 
Beightoo  however  hat  offered  several  ressonsfoprpve  tbat 
for  which  see 


raised,  with  the  proportion  between  tbe  wheels  atid  axli 
necessary  (o  that  etfecti  to  fiod  the  number  of  tbe  wheels 
and  axles.     Or,  having  the  number  of  the  wheels  and 
axles  given,  to  find  the  ratio 
axles.     Here,  putting 

p  =  the  power  acting  on  tbe  lait  wheel, 
IP  =  the  weight  to  be  raised, 
f   =  the  radius  of  the  axles, 
R  :=  the  radius  nf  the  wheels,  .  ' 

n  =  the  number  of  the  wheels  and  axles ; 
then,  by  the  general  proporliou,  as  r"  :  r"  :  :  p  :  w ;  there-  „  , 

fore  pa"  =  ur*  isageoeral  th^rem,  from  whence  nay  be  '  the  ajties  of  wheels  ought  not  to  be strai 
found  any  one  of  these  five  letters  or  quantities,  when  the     Desaguliers's  Exp.  Phil.  vol.  2,  Appendix, 
other  four  are  given.     Thus,  to  find  n  the  number  of         5.  Large  wheels  arc  found  more  advantageous  for  rolling 
e  first  than  small  ooes,  both  with  regard  totheirpowcrasalonger 

lever,  and  to  the  degree  of  friction,  and  to  ihe  advanti^ 
in  gettingour  holes,  rubs,  and  stones,  &ic.  If  we  consider 
wheels  with  regard  to  the  friction  on  their  axles,  it  is  evi- 
dent that  small  wheels,  by  turning  oftener  round,  and 
Wheels  qf  a  Clock,  ![c,  are,  the  crown  wheel,  contrat  inifier  ^bout  tbe  axles,  than  large  ones,  roust  have  muck 
heel,  great  wheel,  second  wheel,  third  wheel,  striLing     mure  friction.     Again,  if  we  consider  wheels  as  they  sink 


-  =  — ,    then  ( 
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tio  of  the  wheel  to  tbe  axle. 


And  to  find  the  ra- 


wheel,  detentwheel,  &c. 

Wheels  qf  Coachei,  Carti,  Waggoju,  Ifc  With  re- 
spect to  wheels  of  carriages,  the  following  particulars  are 
collected  from  the  experiments  aiii  observations  of  Desa- 
gulicrs,  Beighion,  Camus,  Ferguson,  Jacob,  fifc. 

I.  The  use  of  wheels,  in  carriages,  is  twofold  ;  viz,  tbat 
of  diminiihing  or  more  easily  o;»erconiiiig  the  resistance  or 
friction  from  the  carriage  ;  and  that  uf  more  easily  over- 
'  coming  obstacles  in  the  road.  In  the  first  case,  the  fric- 
tion on  the  ground  is  transferred  in  some  degree  from  the 
outQf  surface  of  the  wheel  to  its  nave  and  axle;  and  in 
the  latter,  they  serve  easily  to  raise  Ihe  carriage  over  ob- 
stacles and  asperities  met  with  on  the  roads.  In  both  the!.e 
cases,  the  height  of  tbe  wheel  is  of  material  consideration, 
as  the  spokes  act  as  levers,  the  top  of  an  obstacle  being  the 


into  holes  or  soft  earth,  thelarge  wheels,  by  sinking  less, 
must  be  much  easier  drawn  out  of  them,  ai  well  as  more 
easily  over  stones  and  obstacles,  from  their  greater  length 
of  lever  or  spokes.     Desaguliers  has  brought  this  matter 


ithematical  calculation,  in  hi*  Experim.  Fhilos. 
vol.  I,  pa.  171,  &c.     See  also  Jacob's  Obierv.  pa.63. 

Hence  it  appears  then,  that  wheels  are  the  more  advan- 
tageous as  they  are  larger,  provided  they  are  not  more 
than  5  or  6  feet  diameter;  for  when  they  exceed  these 
dimensiotis,  they  beciime  too  heavy  ;  or  if  they  are  made 
light,  their  strength  ie  proportiunably  diminished,  and  the 
length  of  the  spokes  renders  tbem  more  liable  tn  break ; 
besides,  homes  applied  to  such  wheds  would  not  be  ca- 
pable of  exerting  their  utmost  strength,  by  having  the 
axles  higher  than  their  breasts,  so  that  they  would  draw 
their  length  enables  the  carriage  more  easily  to  downwards;  which  is  even  a  greater  disadvantage  than 
sutmount  them;  and  the  greater  proportion  of  the  wheel  small  wheels  have  in  occasioning  the  horses  to  draw  up* 
tu  the  axle  serves  more  easily  to  diminish  or  to  overcome     wards. 

the  friction  of  the  axle.     See  Jacob's  Observations  on         6.  Carriages  with  4  wheels,  as  waggons  or  coaches,  arti 
Wheel  Carriages,  pa.  15  &c.  much  more  advantageous  than  carriages  with  2  wheels,  at 

2.  The  wheels  should  be  exactly  round  ;  and. the  felliei  carts  and  chaises ;  for,  with  2  wheels  it  is  plain  the  tiller 
at  right  angles  to  the  naves,  according  to  the  inclioation  of  horse  carries  part  of  the  weight,  iii  oneway  or  other:  in 
the  spoke*.  going  down  hill,  the  weight  bears  on  tbe  horse  ;  and  in 

3-  It  is  the  most  general  opinion,  that  the  spokes  be  going  up  hill,  the  weight  falls  the  other  way,  and  lifts  the 
somewhat  inclined  to  the  naves,  so  that  the  wheels  may  be  horse,  which  it  still  worse.  Besides,  as  the  ^^hecls  sink 
dishing  or  concave.  Indeed  if  the  wheels  were  always  to  into  the  holes  in  tbe  road*  on  different  sides,  the  shaft* 
roll  on  smooth  and  level  ground,  it  would  be  best  to  make  strike  against  the  tiller's  sides,  which  occasions  the  death 
tbe  spokes  perpendicular  to  the  naves,  or  to  the  axles  ;  of  many  horses  :  moreover,  wben  one  of  the  wheels  liinks 
because  they  would  then  bear  the  weight  of  the  load  per-  into  a  hole  or  rut,  half  the  weight  faNs  that  way,  which 
pendicularly.^  Bujy>ecaase  the  ground  is  commonly  un-  endangers  the  overturning  of  the  carriage, 
even,  one  wheel  often  fall*  into  a  cavity  or  rut,  when  the  7.  ft  would  be  much  more  advantageous  to  make  the 
•iher  doe*  not,  and  then  it  smtaint  tnuch  note  of  the  *  wheel*  of  a  coach  or  wagcon  large,  and  nearly  of  a 
Vat.  II.  -  4H 
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hai^t,  tban  to  make  tli«  fora  wheels  of  only  half  the  dn- 
neter  of  the  hiad  whedii,  u  is  UKuaiin  many  placfs.  ThQ 
San  wheels  have  cominanly  been  intuk  of  a  kess  sise  thaa 
the  hind  oubi,  botb  on  account  of  taming  short,  and  to 
avoid  cutUDg  the  braces.  Crane-necks  have  also  bran  in- 
vented  ht  turning  >et  ■horier,  and  the  fore  wheels  have 
been  lowered,  so  as  to  go  quite  under  the  bend  of  the 
crane- neck. 

It  is  accounted  a  grpat  disadvjintitge  in  small  wheels, 
that  as  ibeir  uxle  is  Ueluw  the  bow  of  the  horses'  breasts, 
the  borses  not  only  bavc  tbe  loaded  carriage  to  draw  along, 
but  also  part  of  it!>  weight  to  bear,  which  tires  ibeoi  soon, 
and  makes  them  grow  much  ilifler  in  their  hams,  thai  they 
would  if  they  drew  on  a  Igivl  witb  ibe  fore  axle. 

But  Mr.  Beigbton  disputes  the  propriety  of  fixing  the 
line  of  trartioi)  on  a  level  with  tbe  breast  of  a  horse,  and 
Mys  It  is  cuitttary,to  reason  and  experience.  Horses,  he 
Mtys,  have  little  or  no  power  to  draw  butwhattbey  dfrive 
from  their  weijiht ;  without  which  they  could  not  take  bold 
of  tbe  ground,  and  iben  (hey  must  slip,  and  draw  nothing. 
Common  experience  also  teaches,  that  a  horse  must  have 
a  certain  weight  on  his  back  or  shoulders,  that  he  may 
draw  the  better.  And  when  a  horse  draws  hard,  it  is  ol>- 
aerved  that  he  bends  forward,  and  brings  his  breast  near 
the  ground  ;  and  then  if  tbe  wheels  are  high,  he  is  pulling 
the  carriage  against  tbe  ground.  A  horse  tackled  in  a 
waggon  will  draw  two  or  three  Ion,  because  the  point  Or 
line  uf  traction  is  below  his  breast,  by  tbe  lowness  of  tbe 
wheels.  It  IS  also  common  to  see,  when  one  hone  is  draw- 
ing a  heavy  load,  especially  up  hill,  bis  fore  feet  will  rise 
from  the  ground  ;  in  which  case  it  is  usual  toadd  a  wrtght 
on  hisbacli,  to  keep  his  fore  part  down,  by  ■  person  mount- 
ing on  hia  back  or  shouldeis,  )*hicb  will  enable  him  to  draw 
that  load,  which  he  could  nit  move  before.  Tbe  great- 
eat  stress,'Of  main  bnsiness  of  drawing,  says  this  ingenious 
writer,  ii  to  overcome  obstaelea;  fur  on  level  plains  the 
drawing  it  but  little,  and  then  the  horw's  beck  need  be 
pressed  but  with  a  small  weight. 

8.  Tbe  utility  of  broad  wbeels,  in  amending  and  pre- 
•arvioj^  the  rt>ads,  has  been  so  long  and  generally  acknow- 
ledged, u  to  have  occasioned  the  legislature  to  enforce 
their  use,  At  the  same  time,  the  proprietors  and  drivers 
of  carri^es  seem  to  be  convinced  by  experience,  that  a 
narrow- wheeled  carriage  is  more  easily  and  speedily  drawn 
by  tbe  same  number  of  horses,  tbun  a  broad-wheeled  one 
of  the  tatoe  burthen  :  probably  because  they  are  much 
Ughter,  and  have  less  friction  on  the  axle. 

Un  the  subject  of  this  article,  see  Jacob's  Observ.  &c. 
on  Wheel-Carriages,  1773,pa.8l;  Desagul.  Exper.Phil. 
vol.  1,  pa.201;  Martin's  Phii.  Brit.  vol.  1,  pa.  229  ;  and 
Brewster's  valuable  edition  of  Ferguson's  Lectures,  both 
the  work  itself  and  tbe  Appendix  to  the  same,  where  se- 
veral new  observations  &c.  are  given  on  this  subject.  See 
also  the  Report  o'f  thi!  Committee  of  the  House  of  Com- 
mons, on  Acts  regarding  the  use  of  Bioad  Wheele,  and 
other  matters  relating  to  the  Preservation  ot  the  Public 
Roads.— Abridged  in  the  Repertory  of  Arts,  N0.6+,  New 

■BiowiiigVf II  as,!,,  is  a  machine  contrived  by  Desaga- 
Hers,  for  drawing  the  foul  air  out  of  any  place,  or  for 
forcing  ID  fresh,  or  doing  both  successively,  without  open- 
ing doors  or  windows.  See  Pbiloa.  Trans.  No.  437.  The 
intentJon  of  this  machine  is  the  same  as  that  of  Hales's 
ventdator,  but  not  so  effectual,  nor  so  convenient.  See 
Desag.  Kxper.Philos.  vol.2,  pa.  563,  568— This  wheel  ii 


also  called  a  centrifegal  wheel,  because  it  drins  the  air 
with  a  centrifugal  force. 

Water  WHEtL,  of  a  Mill,  that  which  recwvea  the  im- 
pulse of  the  stream  by  means  uf  ladle-boards  or  lloat- 
floards.  M.  Parent,  tit  the  Academy  of  Sciences,  has  de- 
termined that  the  greatest  effect  of  an  undershot  wheel,  is 
when  its  velocity  is  e<|ual  to  tbe  3d  part  of  the  velocity  of 
the  water  that  drives  or  keeps  it  in  motion :  but  it  ought 
lo  be  the  half  of  that  velocity,  as  is  full/ibown  in  the  arti- 
cle Mill,  in  this  Dictionary.  Infixing  an  undershot  wheel, 
it  ought  to  be  consiilered  whether  the  water  can  run  clear 
off,  so  as  to  cause  no  baek-waier  to  stop  its  motion.  Con- 
cerning this  article,  see  Uesagul.  Exp.  Philos.  vol.9,  pa. 
422.  Also  a  variety  of  experiiQrnts  and  observations  re- 
lating to  undershot  and  overshot  wbeels,  by  Mr,  SmeatoD, 
in  the  Philos.Trans.  vol.51,  pa.  lOO. 

AriUotk't  WHebli    6e«  Rota  Aruiaielka. 
Meiuun»g  Wheei-     See  Pbrambdlatoe. 
Orffyreut't  Wheel.     See  ORrrTKBUS. 
Perrinn  Wmeel.     See  Peksiam. 
■WHEELBorometer.     See  BarombTBE. 
WHJRL-POOL,  an  eddy,  vortex,  or  gnlf,  where  the 
water  is  continually  taming  round. 

Thoiie  in  rivers  are  very  common,  from  various  acci- 
dents, and  are  usually  very  trivial^  and  of  little  conse- 
quence. In  the  sea  they  are  more  rare,  but  more  dange- 
rous. Sibbald  has  related  the  effects  of  a  very  remarkable 
mafine  whirlpool  amimg  \\te  Orcades.  which  would  prove 
very  dangerous  to  strangers,  though  itTs  of  no  consequence 
to  the  people  whoiuc  used'Io  it.  This  is  not  fixed  loai^ 
particular  place,  but  appean  in  various  parts  of  the  limits 
of  the  sea  among  Ihe^e  islands.  Wherever  it  appears  it  is 
very  furious;  and  bonts&c  would  inevitably  be  drawn  in 
and  perish  with  it ;  but  the  people  who  navigate  them  are 
prepared  for  tbe  event,  and  always  carry  an  empty  vessel, 
a  log  of  wood,  or  large  bundle  of  straw,  or  some  such 
thing,  in  the  boat  with  them  ;  as  srfon  as  they  perceive  the 
whirlpool,  they  toss  this  iviihin  its  vortex,  keeping  them- 
selves out;  this  substance,  whatever  it  be,  is  immediately 
received  into  the  centre,  and  carried  under  water ;  and  as 
soon  as  tbii>  is  done,  the  surface  of  the  place  where  the 
whirlpool  was  becomes  smooth,  and  they  row  over  it  with 
safety:  and  in  about  an  hour  they  see  the  roriex  begin 
again  in  some  other  place,  (tsually  at  about  a  mile's  di- 
stance from  the  first. 

WHIRLING-TABLE,  a  machine  contrived  for  repre- 
senting several  phenomena  in  philosophy  and  nature  ;  as, 
tbe  principal  laws  of  gravitation,  end  of  the  planetary 
motions  in  curvilinear  orbits. 

The  figure  of  this  insirumeot  is  exhibited  fig.  1,  pi.  41 : 
where  aa  is  a  strong  frame  of  wood  ;  b  a  winch  fixed  on 
the  axis  c  of  the  wheel  d,  about  which  is  the  (aigm  string 
i,  which  also  goes  round  the  small  wheels  .0  and  K, 
crossing  between  them  and  the  great  wheel  b-  On  the 
upper  end  of  the  axis  of  the  wheel  o,  above  the  frame,  is 
fixed  the  round  board  d,  to  which  may  be  occa^iunally 
fixed  the  bearer  asx.  On  the  axis  of  the  whe*l  h  is 
fixed  the  beart-r  ntz,  and  when  the  winch  b  is  turned, 
the  wheels  and  bearers  are  put  into  a  whirling  motion. 
Each  bearer  hai  two  wires  w,  x,  and  v,  z,  fixed  and 
screwed  right  into  them  at  the  ends  by  nuts  on  the  out- 
side;  and  when  the  nuts  are  unscri-wcd,  the  wires  may 
be  drawn  out  in  order  to  change  lib  balls  u,  v,  uhich 
slide  upon  the  wires  by  means  of  brass  loops  fixed  into 
the  ballsj  and  preventing  their  touching  the  wood  below 


Digit.zecDS^OUyie 


W  HI  [    9M    3  W  H  I 

them.     Through  each  trail  lliere  pane*  a  (ilk  line,  which  volve  on  the  board.     Then,  observing  the  velocity  of  iti 

is  fixed  to  it  at  any  Irnglh  trDm  the  centre  of  ihc  bearer  motion,  pull  tlie  cord  below  the  machine,  and  thus  bring 

to  its  end,  by  a  nut-screw  at  the  ^op  of  the  bell ;  the  tho  ball  nearer  the  cantrL-  of  the  buard,  and  the  liall  wilt 

thank  of  the  screw  going  into  the  centre  of  the  ball,  and  be  seen  to  revolve  with  an  increasing  vi-locity,  a«  it  ap- 

preiaing  the  line  against  the  under  side  of  the  hule  which  proachc!!   the   centre:    and    thus   the   planets   which   are 

it  runs  tbrougfa.     The  line  goes  from  the  ball,  and  under  nearefit  the  sun  perrorm  quicker  revolutions  than  those 

a  small  pulley  fixed  in  the  middle  of  the  bearer ;  then  up  uhicb  are  more  remote,  and  move  with  greater  velocity 

through  a  socket  in   the  round  plate  (s  and  t)    in   the  in  every  part  of  their  respective  circles, 
i&iddle  of  each   bearer;   thcD  through  a  slit  in  the  middle  4.'Itemov«  the  ball  a,  and  apply  the  bearer  MX,  whose 

of  the  square  top  (o  and  p)  of  each  toner,  and  going  over  centre  of  motion  is  in  its  middle  at  w,  directly  over  the 

ft  small  pulley  on  the  top  comes  down  again  the  same  way,  centre  of  the  whirling  board  d.     Then  put  two  balls  (t 

and  is  at  last  fastened  to  the  upper  end  of  the  socket  fixed  and  u)  of  equal  weight  on  their  bearing  wires,  and  having 

in  the  middle  of  the  round  plate  above-mentioned.     Each  &xed  them  at  equal  distances  from  their  respective  cen- 

of  theje  platei  s  and  t  has  four  round  hole*  near  their  tres  of  motion  vi  and  x  upon  their  silk  cords,  by  the  scrcv 

fldget,  by  which  they  slide  up  and  down  on  the  wires,  outs,  put  equal  weights  in  the  towers  o  ai)d  f.     Lastly, 

which  make  the  corner  of  each  lower.     The  balls  and  put  the  catgut  strings  E  and  F  on  the  grooves  o  and  h  of 

platet  being  thus  connected,  each  by  its  particular  line,  the  small  wheels,  which,  being  of  equal  dianaeteis,  will 

it  is  plain  that  if  the  balla  be  drawn  outward,  or  towards  give  equal  velocities  to  the  bearers  above,  when  the  winch 

the  end  m  and  tr  of  their  respective  bearers,  the  round  s  is  turned;  and  the  balls  v  and  v  will  lly  off  toward  m 

plates  s  Bad  t  will  be  drawn  up  to  the  top  of  their  re-  and  n,  and  raise  the  weights  in  the  toners  at  the  samft 

tpective  towers  o  and  r.  instant.     This  shows,  that  when  bodies  of  equal  quantitiei 

There  are  several  brnu  weighti,  tome  of  2,  iome  of  of  matter  .revolve  in  equal  circles  with  equal  velocities, 

3,  and  others  of  4  ounces,   ti>  be  occasionally  put  within  their  cenlrifugal  forces  are  equal, 

tha  tourers  o  and  f,  on  the  round  plates  a  and  t  ;  each         5.  Take  away  these  equal  balls,  and  put  a  ball  of  6 

weight  having  a  round  hole  in  the  middle  of  it,  for  going  ounces  into  the  bearer  mx,  at  a  tiih  part  of  the  distance 

on  the  sockets  or  axet.,of  the  plates,  and  being  slit  from  wi  from  the  centre,  and  put  a  ball  of  one  ounce  intu,ih« 

the  edge  to  the  hole,  that  it  may  slip  over  the  line  which  opposite  bearer,  at  the  whole  distance  ly  =  u«  ;  and  fix 

comes  from  each  ball  to  its  respective  plate.  the  balls  at  these  distances  on  their  cords,  by  the  screw 

For  a  specimen  6f  the  experimejita  to  he  made  with  this  nuts  at  the  top ;  then  the  ball  v,  which  is  G  times  as  heavy 

machine,  may  be  sut^oioed  the  following.  as  the  ball  t,  will  be  at  only  a  6th  part  of  the  distance 

1.  Removing  the  bearer  mx,  put  the  loop  of  the  line  b  from  its  centre  of  motion  ;  sad  cooiequcnlly  will  revolve 

to  which  the  ivory  ball  a  is  fastened  over  a  pin  in  the  in  a  circle  of  only  a  €th  part  of  the  circumference  of  that 

centre  of  the  board  d,  and  turn  the  winch  x ;  and  the  in  which  r  revolves.     Let  equal  weights  be  put  into  the 

ball  will  not  immediately  begin  to  move  with  the  board,  towers,  and  the  winch  be  turned :  as  the  catgut  string  ii 

but,  on  account  of  its  inactivity,  eitdeavour  to  remain  in  on  eqiial  wheiels  below,  it  will  cause  the  balls  to  revolve   ' 

ita  stale  of  reat     But  when  the  ball  has  acquired  the  in  equal  times;  but  v  will  move  6  times  as  fast  as  u,be> 

same  velocity  with  the  buard,  M  will  remain  on  the  same  cause  it  revolves  in  a  circle  of  6  times  it*  radius,  and  both 

part  of  the  board,  having  no  relative  motion  upon  it,  the  weights  in  the  towers  will  rise  at  once.     Hence  it  ap- 

However,  i£  the  board  be  suddenly  stopped,  the  ball  will  pears,  that  the  centrifugal  forces  of  revolving  bodies  are  in 

continue  to  revolve  on  it,  until  the  friction  stops  its  mo-  direct  proportion  to  their  quantities  of  matter  multiplied 

tion :  so  that  matter  resists  every  change  of  state,  from  into  their  respective  velocities,  or  into  their  distance  from 

tifnt  of  rest  to  that  of  motion,  and  vice  versa.  the  centres  of  their  respective  circulnr  orbits. 

i.  Put  a  loiJger  cord  to  this  ball ;  let  it  down  through         If  these  two  balls  be  fixed  at  equal  distancrsfrom  their 

the  hollow  axis  of  the  bearer  mx  and  wheel  a,  and  fix  a  respective  centres  of  motion,  ihcy  will  move  with  equal 

weight  to  the  end  of  the  cord  below  the  machine ;  and  velocities ;  and  if  the  tower  o'  has  6  timet  as  much  weight 

this  weight*  if  l«ft  at  liberty,  will  draw  the  ball  from  the  put  into  it  as  the  tower  P,  the  balls  will  raise  their  weighU 

edge  of  the  whirling  board  to  its  centre.     Draw  off  the  exactly  si  the  same  moment :  i.  e.  the  ball  u,  being  6 

ball  a  little  from  the  centre,  and  turn  the  winch;  then  times  as  heavy  a«  the  ball  v,  has  6  times  as  much  cen- 

the  ball  will  continue  to  revolve  with  tbe  board,  and  gra-  trifugal  force  in  describing  an  equal  circle  with  an  equal 

dually  fly  farther  from  the  centre,  raising  up  the  weight  velocity. 

below  the  machine.     And  .thus  it  appears  that  all  bodies,         6.  Let  two  ball*)  v  and  <r,  of  equal  weights,  be  fixed 

revolving  in  circles,  have  a  tendency  to  fly  off  from  those  on  their  cords  at  equal  distances  from  their  respcctivs 

circles,  and  most  be  retm^ed  in  them  by  some  power  pro-  centres  of  motion  w  and  x ;  and  let  the  cngut  string  e  he 

ceeding  from  or  tending  to  the  centre  of  motion.     Stop  put  round  the  wheel  K  (whose  circumference  is  only  half 

ihe-  machine,  and  the  ball  will  continue  to  revojve  for  that  of  the  wheel  a  m  a)  and  over  the  pulley  «  to  keep  it 

qonoe  time  on  the  board  ;  but  as  the  friction  gradually  tight,  and  let  4  times  as  much  weight  be  put  into  the 

stops  its  motion,  the  weight  acting  upon  it  will  bring  it  tower  p  as  in  the  tower  o.     Then  turn  the  winch  i,  ant 

nearer  and  nearer  to  the  centre  in  every  revolution,  till  it  the  ball  v  will  revolve,  twice  as  fast  as  the  ball  u  in  a 

brings  it  quite  thither.     Hence  it  appears,  that  if  the  pla-  circle  of  the  same  diameter,  because  they  ar^  equidistant 

Beta  met  with  any  resistance  in  going  round  the  sun,  its  from  the  centres  of  the  circles  in  which  they  revolve;  and 

attractive  power  would  bring  them  nearer  and  nearer  to  the  wights  in  the  towers  will  both  rise  st  the  tame  ih- 

itin  every  revolution,  till  they  would  Ciill  into  it.  sUnt ;  which  shows  that  a  double  velocity  in  the  same 

3.  Take  hold  of  the  cord  below  the  machine  with  one  circle  will  exactly  balance  a  quadruple  power  of  ^ttrac- 

iaai,  and  with  the  ether  throw  the  ball  upon  the  round  tion  in  the  centre  of  the  circle :  tor  the  weights  in  the 

board  as  it  ««e  at  ridit  ai^et  to  the  cord,  and  it  wUI  re-  towers  may  be  comidued  aa  the  attractive  forces  in  the 
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;  revolving  Wis ;  wliich  mnving  in     tbe  whole  v( 
if  thry  both  moved  in  the  same  circle,     would  fly  quite  off,  together  with  the  plar 


centTH,  actitig  on  t 

mjual  circlet,  are  us 

Whence  it  appears  that,  if  bodies  of  equal  weights  revolve 

in  equal  circlia  with  unequal  velorities,  their  centrifugal 

forces  are  as  the  squares  of  the  velocities. 

7.  The  catgut  string  remaining  as  before,  let  the  di- 
■Uuce  of  tbe  ball  v  {com  the  centre  z  be  equal  to  2  of  the 
divuioos  on  its  beurer;  and  thcdiitanceof  theball  v  from 
the  centre  w  be  3  and  a  6th  part ;  the  balls  themselves 
being  c({nally  heavy,  and  v  making  two  revolutions  by 
turning  the  winch,  whilst  o  makes  cne ;  to  that  if  we  sup- 
pose the  hall  V  10  revolve  in  one  second,  the  ball  u  will 
revolve  in  2,  the  squares  of  which  are  1  and  4:  Iherefoie, 
the  »quate  of  the  period  uf  v  is  contained  4  times  in  the 
tquare  of  the  period  of  u.  But  thedistance  of  t  it  2,  the 
cube  of  which  is  8,  and  the  distance  of'u  is  3^,  the  cube 
of  which  is  32  very  nearly,  in  which  6  is  contained  4 
timet:  and  therefore,  the  squares  of  tbe  periods  v  and  u 
arc  to  each  other  as  the  cubes  uf  tiieir  distances  from  * 
and  w,  the  centret  of  their  respective  circles.  And  if  the 
weight  in  the  tower  o  be  4  ouncei,  or  equal  to  the  square 
of  2,  which  is  the  distance  of  v  from  the  centre  i ;  and 
the  weight  in  the  tower  p  be  10  ouncet,  nearly  equal  tu 
the  tquareof  3^,  the  distance  of  v  from  u;  it  will  be 
found  on  turning  the  machine  by  the  winch,  that  the  halls 
D  and  »  will  raise  their  respective  weights  at  very  nearly 
the  same  instunt  of  time.  This  experiment  confirms  the 
famous  proposition  of  Kepler,  viz,  that  the  squares  of  the 
periodical  times  of  the  planets  round  the  sun  are  in  pro- 
portion as  the  cubet  of  their  distances  from  him ;  and 
the  sun't  attraction  is  inversely 
stance  from  his  centre. 


itself,  unless  prevented  by  tome  obstacle, 
gether  with  the  planets, 
p.  If  a  body  be  so  placed  on  the  whirl ing-board  of  the 
iDiicfaine  (tig.  I )  that  the  centre  of  gravity  of  the  body  be 
directly  over  the  centre  of  the  board,  and  the  board  be 
moved  ever  so  rapidly  by  the  winch  a,  the  body  will  turn 
round  with  the  board,  without  removing  from  its  middle; 
for,  as  all  parts  of  the  body  are  in  equitibrio  round  iu 
centre  ot  gravity,  and  the  centre  of  gravity  is  at  rest  in  the 
centre  of  motion,  the  centrifugal  force  of  all  parts  of  the 
body  will  be  equal  at  equal  distances  from  its  centre  of 
motion,  and  therefore  the  body  will  remain  in  its  place. 
But  if  the  centre  of  gravity  be  placed  ever  »o  little  out  o£ 
the  centre  of  motion,  and  the  machine  be  turned  swiftly 
round,  tbe  body  will  fly  off  towardt  that  side  of  the  board 
on  which  its  centre  of  gravity  lies.  Then  if  the  wire  C 
(6g.  3)  with  its  little  ball  b  be  taken  away  from  the  temi- 
globe  A,  and  the  flat  tide  /  of  tbe  semi^lobe  be  laid  on 
the  whirl  ing-board,  eo  that  their  centres  may  coincide; 
ff  then  the  board  be  turned  ever  so  quickly  by  thcwioch, 
the  semi'globe  will  remain  where  it  was  placed  :  but  if 
the  wire  c  be  screwed  into  the  semi-globe  at  d,  the  whole 
becomes  one  body,  whose  centre  of  gravity  is  at  or  near 
d.  Fix  the  pin  e  in  thf/ centre  of  the  whirling-board,  and 
let  the  deep  groove  b  cut  in  the  flat  tide  of  the  semi-globe 
be  put  on  the  pin,  to  that  the  pin  may  be  in  the  centre  of  a 
(sec  fig.  4),  where  the  groove  it  to  be  represented  at  b,  and 
let  the  board  be  turned  by  the  winch,  which  will  carry 
the  little  bsUa  (fig.  3)  with  its  wire  c,  and  thesemi-globa 
A,  round  the  centre  pin  c  i;  and  then,  the  centrifugal 
tbe  square  of  the  di-  force  of  the  little  ball  b,  weighing  one  ounce,  will  be  so- 
great  as  to  draw  off  the   semi-globe  a,  webbing  two 


8.  Take  off  the  string  e  from  the  wheels  d  and  n,  and  pounds,  until  tbe  end  of  the  groove  at  e  strikes  against 

let  the  string  F  remain  on  tbe  wheels  D  and  c;  takeaway  the  pin  c,  and  so  prevcnti  a  from  going  any  farther; 

alto  the  bearer  mx  from  the  whirling- board  d,  and  instead  otherwise,  the  centrifugal  force  of  a  would  have  been  su^ 

of  it  puton  the  machine  AS  (tig.  3),fixiiigit  to  thecentre  ficient  to  have  carried  a  quite  off  the  whirling-board, 

of  the  board  by  the  pins  c  and  d,  so  that  the  end  e/  may  Hence  we  see  that,  if  the  tun  were  placed  in  tbe  centre  of 

rise  above  the  board  to  an  angle  of  30  or  40  degrees.    On  the  orbits  of  the  plancts,it  could  not  postibly  remain  there; 

the  upper  part  of  this  machine,  there  are  two  glass  tube*  for  the  centrifugal  forces  of  the  planets  would  carry  them 

a  and  b,  closely  stopped  at  both  ends,  each  tube   bring  quite  off,  and  the  sun  with  them  ;  etpecially  when  several 

about  three  quarters  full  of  water.     In  the  tube  /t  a  %  of  th«m  happened  to  be  in  one  quarter  of  the  heavens. 


For  the  sun  and  planets  are  as  much  connected  1^  the 
mutual  attraction  tubsitling  between  them,  at  tbe  bodiet 
A  and  B  are  by  the  wire  c  fixed  into  them  both.  And 
even  if  there  were  butone  planet  in  the  whole  heavens  to 
revolve  about  ever  so  large  a  eaa  in  the  centre  of  its  orbit, 
ntrifugal  force  would  soon  cany  off  both  itself  and 
e  sun  :  for  the  greateit  body  placed  in  any  part  of  frea 


little  quicksilver,  which  naturally  falls  down  to  the  end  a 
in  the  water  ;  and  in  the  tube  A  is  a  small  cork,  flgating 
on  the  ti)p  of  the  water,  and  small  enough  to  rise  or  fall 
in  the  tube.  ,  While  the  board  b  with  this  machine  on  it 
continues  at  rest,  the  quicksilver  lies  at  the  bottom  ^f  the 
tube  a,  and  tbe  cork  floats  on  the  water  near  the  lop  of 
the  lube  b.     But,  on  turning  the  winch  and  moving  the 

machine,  the  contents  of  each  tube  fly  off  towards  the  space  could  be  eaiily  moved';  because,  if  there  were  n 
uppermost  ends,  which  are  farthest  from  the  centre  of  other  body  to  attract  it,  it  -would  have  no  weight  or  gra- 
in ot  ion  ;  the  heaviest  with  the  greatest  force.  Conse-  vity  of  itself,  and  consequently,  though  it  could  have  no 
quenlly.  the  quicksilver  in  the  tube  o  will  fly  off  quite  to  tendency  of  itself  to  remove  from  that  part  of  space,  yet 
the  end  /,  occupying  its  bulk  of  space,  and  excluding  it  might  be  very  .easily  moved  by  the  force  of  any  .olhei 
tbe  water,  which  is  lighter  than  itielf :  but  the  water  in  lubslance. 

tbe  tube  ft,  flying  off  to  its  higher  end  e,  will  exclude  the         1 0.  As  the  centrifugal  force  of  the  light  body  B  will 

cork  from  that  place,  and  cause  it  to  descend  toward  the  not  allow  the  heavy  body  a  to  remain  in  the  centre  of 

lowest  end  of  the  tube;  for  the  heavier  body,  having  the  motion,  even  though  it  be  24  timet  as  heavy  as   b  ;  let 

greater  centrifugal  force,  will  possess  the  upper  part  of  the  ball  a  (fig.  i)  weighing  6  ounces  be  Connected  by  tbe 

tbe  tube,  and  ihi!  lighter  body  wjll  keep  between  the  hea-  wire  c  with  tbe  ball  b,  weighing  one  ounce,  and  let  tba 

vier  and  the  lower  part.  fork    e    be  fixed  into  the  centre  of  the  whirling-board; 

This  experimen;demonstratet  tbeabsurdity  of  theCar-  then,  hang  the  balls  on  the  fork  by  tbe  wire  c  in  sucfa  a 

tetian  doctrine  of  vortices ;  for,  if  a  planet  be  more  dense  manner  that  they  may  exactly  balance  each  other,  which 

or  heavy  than  its  bulk  of  the  vortex,  it  will  fly  off  in  it  will  be  when  the  centre  of  gravity  between  them,  in  the 

^tbcr  and  farther  from  the  sun ;  if  lets  dense,  it  will  dc-  wire  at  d,  is  supported  by  the  fork.     Aiid  this  centre  of 

scend  to  the  lowest  part  of  the  vortex,  at  the  tun :  and  gravity  it  as  much  nearer  to  the  centre  of  the  ball  a  lh«D 
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to  tbe  centre  Bi  u  a  i»  benvicr  than  b  ;  dltming  for  the  over  the  centre,  and  the  Wl  at  g  over  the  tide  of  (he  cir> 

weight  of  the  ^Ti^e  oneacb  tide  of  the  fork.     Then,  let .  cle  g,  which  is  nearest  the  monn.     Thi>  ball  /may  rcpre- 

thc  machine  be  moved,  and   the  ball*  a  and  b  will  r»-  sent  the  centre  of  the  earth,  the  ball  g  wutcr  on  the  tide 

Tulve  about  their  commiin  'ct.-Dtre  of  gravity  d,  keeping  next  the  njooo,  and  the  ball  e  water  on  the  opposite  side, 

their  balance,  because  either  will  not  allow  the  other  to  On  the  back  of  the  moon  h  is  fixed  a  shun  bnr  v  paral- 

tly  off  with  it.     For,  supposing  the  ball  a  to  l>c  only  one  lei  to  the  hnriion,  and  there  are  thpee  boles  in  it  above 

ounce  in  weight,  and  the  ball  a  to  be  six  ounces  ;  chen,  the  little  weight!  p,  q,  r.     A  silkeD  thread  o  is  tied  to  the 

if  the  wire  c  were  equally  heavy  on  each  side  of  the  line  k  close  above  the  ball  g,  and  passing  by  one  aide  of 

fork,  the  centre  of  gravity  i'  would  be  6  limes  a*  far  the  moon  m  goes  tbmugh  a  hole  in  the  bar  n,  and  baa 

from  the  centre  of  b  as  from  the  centra  of  a,  and  conse-  the  weight  p  hung  to  it-     Such  another  thread  m  is  tied 

{(uencly  B  will  revolve  with  6  timet  the  velocity  of  a,  to  the  lini;  t,  close  above  the  ball/,  and,  passing  through 

which  will  give  b  €  times  as  much  centrifugal  force  as  the  centre  of  the  moon  »  and  middle  of  the  bar  k,  baa 

any  single  ounce  of  a  has;    but  then  as  b  is  only  one  the  weight  9  hung  to  it,  whichis  lighterthan  the  weighty, 

ounce,  and  a  six  ounces,  the  whole  centrifugal  force  of  A    third    thread   m   is  tied    to  the  line  ^,  close  above 

A  will  exactly  balance  that  of  b;    and  therefore,  each  the  ball  e,  and,  passing  by  the  other  side,  of  the  ronon 

body  will  dctuin  the  other,  so  as  to  retain  it  in  its  circle.  h  through  the  bar  v,  has  the  weight  r  hung  to  it,  which 

Hence  it  appears,  that  the  sun  and  planets  must  all  is  lighter  than  the  weight  9.     The  use  of  these  three  un- 

move  round  the  common  centre  of  gravity  of  the  whole  equal  weights  is  to  represent  the  moon's  unequal  attrac* 

system,  in  order  to  preserve  that  just  balance  which  takes  tion  at  different  distances  from  her;    so  that  if  they  are 

place  among  them.  left  nt  liberty,  they  will  draw  all  the  three  balls  toward* 

■  Jl.  Remove  the  forks  and  balls  from  the  whirling-  the  moou  with  different  degrees  of  force.'and  cause  them 
board,  and  place  the  trough  ab  (fig.  6)  thereon,  fixing  its  to  appear  as  in  %  g,  in  which  ca>e  they  are  evidently 
centre  to  that  of  the  board  by  the  pin  h.  In  this  trough  farther  from  each  other  than  if  they  hung  freely  by  the 
are  two  balls  b  anif  k  of  unct^al  weights,  connected  by  perpendicular  lines  A,  1,  k.  Hence  it  appears,  tbnt  as  the 
a  wire  /,  and  made  10  slide  easily  <in  thu  wire  stretched  moon  attracts  the  side  -of  the  earth  which  is  nearest  her 
from  end  to  end  of  the  trough,  and  made  fast  by  nut  with  a  greater  degree  of  force  than  she  does  the  centre 
screws  on  the  outside  of  the  ends.  Fluce  these  balls  on  of  the  earth,  she  will  draw  the  water  on  that  side  more 
the  wire  c,  so  that  their  common  centre  of  gravity  g,  may  than  the  centre,  and  cause  it  to  rise  on  that  side:  and  as 
be  directly  uver  the  centre  of  the  whirling! -board.  Then  '  she  draws  the  centre  more  than  the  opposite  lide,  the  cen- 
tum the  machine  by  the  winch  ever  so  swiftly,  and  the  tre'will  recede  farther  from  the  surface  of  the  water  on 
trough  and  bulls  will  move  round  their  centre  of  gravity,  that  opposite  side,  and  leave  it  as  high  there  as  she  raised 
00  as  neither  of  them  will  fly  off;  becaust,  on  account  it  on  the  side  next  her.  For,  as  the  centre  will  be  in  the 
of  the  equilibrium^  each  ball  detains  the  other  with  an  middle  between  the  tops  of  the  opposite  elevations,  they 
equal  force  acting  against  it  But  if  the  ball  E  be  drawn  must  of  course  be  equally  high  on  both  sides  at  the  same 
a  little  more  towards  the  end  of  the  trough  at  a,  it  will  lime. 

remove  the  centre  of  gravity  towards  that  etid  from  the  However,  upun  tliii  supposition,  the  earth  and  moon 

centre  of  motion  ;  and  then,  upon  turning  the  machine,  the  would  soon  come  together;  and  this  would  be  the  case  if 

'  little  ball  a  will  fly  off,  and  strike  with  a  considerable  force  they  had  not  a  motion  round  their  common  centre  of 

against  the  end-A,  and  draw  the  great  ball  a  into  the  mid-  gravity,  to  produce  a  degree  of  centrifugal  force,  suffi- 

dle  of  the  trough.     Ur,  if  the  grcitt  ball  d  be  drawn  to-  cieni  to  balance  their  mutual  attraction.     Such  motion 

wards  the  end  b  of  the  ir<iugh,  so  that  the  centre  of  gra-  they  have  ;    for  as  the  moon  revolves  in  her  oi.bit  every 

vity  may  be  a  iiitie  towards  that  end  from  the  centre  of  month,  at  the  distance  of  340000  miles  from  the  earth's 

motion;  and   the  machine  be  turned  by   the  winch,  the  centre,  and  of  2S4000  miles  from  the  centre  of  gravity 

great  ball  d  will  fly  off,  and  strike  violently  gainst  the  of  the  earth  and  moon,  the  earth  alsu  goes  round  the  same 

end  B  of  the  trough,  and  vill   bring   the  little  halt  E  into  centre   of  gravity  every  month  at  the   distance   of  6OOO 

the  middle  of  it,     If  the  trough  be  not  made  very  strong,  miles  from  it,  i.e.  from  it  to  the  centre  of  the  earth.     But 

the  ball  D  will  break  ihro^igh  it.  the  diameter  of  tiie  earth  being,  in  round  numbers,  6000 

12.  Mr.  Tergusun  has  explained  the  reason  why  the  miles,  its  tide  next  the  moon  is  only  9000  miles  from  the 

tides  rise  at  the  same  time  on  opposite  sides  of  the  earth,  common  centre  of  gravity  of  the  i-arth  and  moon,  its 

and  consequently  in  opposite  directione,  by  the  following  centre  6000  miles  from  it,  and  its  farthest  side  from  the 

new  experiment  on  the  whirling- table.     For  this  purpose,  monn  10000  miles.     Consequently  the  centrifugal  forces 

let  a  6  c  ij  (fig.  7)  represent    the  earlb,  with    its  side  c  of  these  parts  are  as  2000,   6OOO,  and    10000;  i.  e.  the 

turited  toward  the  moon,   which  will  then  attract  the  centrifugal    force  of  any  side   of  the  earth,   when  it  it 

water  so  as  to  raise  them  from  c  to  j^ :    and  in  order  to  turned  from  the  moon,  is  5  times  as'great  as  when  it  it  - 

show  that  they  will  rise  as  high  at  the  same  time  on  the  turned  towards  the  moon.     And  as  the  moon's  attraction, 

opposite  side  from  a  tor;  let  a  plate  AB  (6g.  8)  be  fixed  expressed  by  the  number  €0C)O  at  the  earth's  centre,  keep* 

on  oue  end  of  the  dni  bar  dc,  with  sucii  a  circle  drawn  on  the  earth  from  flying  out  of  this  monthly  circle,  it  must 

it  as  abed  (hg.7)to  represent  the  round  figure  of  the  ,  be  greater  than  (he  centrifugal  force  of  the  waters  on  the 

earth  and  3fa;  and  an  ellipse  us  efgh  to  represent  Che  side  next  her;  and  consequently,  her  greater  degree  of 

swelling  of  the  tide  at  e  and  g,  occasioned  by  the  influ-  attraction  on  that  side  is  sufficient  to  raise  them  ;  but  at 

ence  of  the  moon.     Over  this  plate  ab  suspend  the  three  her  attraction  on  the  opposite  side  is  less  than  the  ccntri* 

ivory  balls  e,/,  g,  by  the  silk  lines  h,  i,  k,  fastened  to  the  fugal  force  of  the  water  there,  the  excess  of  this  force  is 

lops  of  the  wires  B,  i,  K,  so  ibat  the  ball  at  e  may  bang  sufficient  to  raise  the  water  just  as  high  on  tbe  opposite 

freely  over  the  side  of  the  circle  e,  which  is  farthest  from  side. 

tbe  moon  h  at  the  other  cad  of  the  bar ;  tbe  ball  at  /  To  prove  this  experimentally,  let  tbe  bar  dc  with  iti 
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fumitura  be  fiicn)  on  rhe  wbirling-bosrd  of  th«  nwchine 
(fig.  1.)  by  pukhing  Che  piD  p  into  the  centre  of  the 
bi>»r(l  i  whicb  pin  it  in  tfaecenCTe  ot' (gravity  uf  the  whole 
bur  (vitb  itk  thrre  balls,  e,/,  g,  and  taoon  u.  Now  if  ths 
whirl in^'bourd  and  bar  be  turned  slowly  round  by-the 
wiDch,  nil  the  ball  f  hangs  over  the  centre  of  the  circle, 
as  in  fig.  10,  tbe  ball  g  will  be  ktpt  towards  the  moon 
by  tb«  bfiivie»t  weighty  (fig.  8),  and  the  ball  e,  on  ac- 
count of  its  >!reui(;r  cintrilugal  force,  and  the  lea  weight 
r,  will  0y  off  as  fur  to  the  other  sidi',  as  in  fig.  10.  And 
thus,  uriiilc  thti  machine  is  kept  turning,  the  balls  e  and 
g  will  bang  over  the  ends  of  the  ellipse  Ifk.  So  Chat 
the  cetjCrifu^al  force  of  Che  ball  e  will  exceed  the  mooo'i 
attraction  just  as  much  as  her  attraction  exceeds  the 
centrifugal  torce  uf  tbe  ball  g,  while  her  attraction  just 
balances  the  centrifugal  force  of  the 'ball/,  and  makes 
it  keep  in  iti  circle.  Hence  it  is  evideiit,  that  the  tides 
must  rise  to  equal  heights  at  the  same  time  on  opposite 
sides  of  the  earth.  See  Ferguson's  Lectures  on  Mccha- 
nica,  Irct.  2,  and  Desug.  tv.  Phil.  vol.  I,  lect.  5- 

WHIRLWIND,  a  wind  ex cet-di ugly  rapid  and  impetu- 
ous,  which  moves  in  a  spiral  manner,  as  well  as  hori- 
lontally,  which  is  but  only  of  tihort  duration.  Dr.  Frank- 
lin, in  his  Physical  and  Meteorological  Observations, 
read  to  the  Royal  Society  in  1756,  supposes  a  whirlwind 
and  a  waterspout  to  proceed  from  the  same  cause,  namely 
a  «tream  of  elastic  matter  rushing  violently  into  the  at- 
mosphere out  of  tbe  earth  :  their  only  difference  being, 
that  the  latter  passes  over  the  water,  and  the  former  over 
the  land.  This  opinion  is  corroborated  by  tbe  observa- 
tions of  M.  de  la  Pryme,  and  many  others,  who  have  re- 
marked the  appearances  and  effects  of  both  to  be  the 
■anie.  They  have  both  a  progressive  as  well  as  a  circu* 
lar  motioti ;  they  ustially  rise  after  calms  and  great  heats, 
and  mostly  happen  in  Che  warmer  latitudes;  the  wind 
blows  every  way  from  a  large  surruunditig  space,  both 
to  Che  waterspout  and  whirlwind  ;  and  a  waterspout  bai, 
by  its  progressive  motion,  passed  from  the  sea  to  the  land, 
attd  produced  all  the  phenomena  and  effects  of  a  whirl* 
wind:  so  that  there  is  no  reason  to  doubt  that  they  are 
meteors  arising  from  tbe  sami  general  cause,  and  expli-. 
cable  oik  the  same  principles,  furnished  by  ctecirical  ex- 
periments and  discoveries.  See  HuaaiCASE, and  Water- 
spout. For  Dr.  Franklin's  ingenious  method  of  account- 
ing for  both  these  phenomena,  see  bis  Letters  and  Papers, 
&c^  vol.  1,  pa.  191,  316,  &c. 

WHlSPBRlNG-i'/on-ii,  are  places  where  a  whisper, 
or  other  small  noise,  may  be  heard  from  one  part  to  ano- 
ther, to  a  great  distance.     They  depend  on  a  principle, 
that  the  voice.  Sec,  being  applied  to  one  end  of  an  arpb, 
easily  passes  by  repeated  reflections  to  the  other.     Thus, 
let  ABC  repre- 
sent   tbe   seg- 
Beot     of      a 
Sftbere ;      and 
suppose  a  low 
voice    uttered 
at  A,  the  vibra- 
tions ex  tending 
themselves  eve- 
ry way,  some 
«r    them    will 
impinge  on  tha 

points  E,  E,  &c;  and  thence  be  reflected  to  tbe  points  r, 
w,  Ac;  dwnce  too,  o,  &c ;  tiU  at  last  they  meal  in  cj 


where  bjr  their  union  they  cause  a  mnch  stronger  sound 
than  in  any  part  of  the  segment  whatever,  even  l«udcr 
than  at  the  point  from  which  they  set  out.  .Accordingly, 
all  the  contrivance  in  a  wbispering-place  is,  that  near  the 
person  who  whispers,  there  be  a  smooth  wull,  arcbed 
either  cylindrical ly,  or  cUiptically,  &c.  A  circular  arck 
will  do.  but  not  so  well. 

Some  of  the  most  remarkable  places  for  whiKpering,  are 
(be  following:  vii,  The  prison  of  Dionysius  at  Syracuse, 
which  increased  a  soft  wbit>per  Co  a  luud  tKtse  ;  or  a  clap 
of  the  hand  to  the  report  of  a  cannon,  &c.  Tbe.  aque- 
ducts of  Claudius,  uhich  conducted  a  voice  16  miles: 
beside  divers  others  itientiuiied  by  Kirchcr  in  his  Pho- 
nurgia.  In  England,  the  most  com>iderable  whispering 
places  are,  the  dome  of  St.  Paul's  church,  London,  where 
the  ticking  of  a  watch  may  be  heard  from  side  to  side,  and 
a  venr  soft  whisper  may  bi- stnt  quite  round  the  dome: 
this  Dr.  Derham  foun^  to  hold  not  only  in  the  gallery 
below,'  but  above  on  thescafibld,  where  a  whisper  would 
be  carried  over  a  person's  head  round  the  Cop  ol  the  arch, 
chough  there  be  a  large  opening  in  the  middle  of  it  into 
the  upper  part  of  the  dome.  And  the  celebrated  whisper- 
ing-place in  Gloucester  cathedral,  which  is  only  agallery 
above  the  east  und  of  the  choir,  leading  from  one  side  of 
it  to  the  other.  See  Birch's  Hist,  of  the  Royal  fioc.  vol.  I. 
pa.  120. 

WHISTON  (William),  an  English  divine,  philoso- 
pher, and  mathematician,  of  uncommon  abilities,  learn- 
ing, and  extrHOrdinary  character.  Was  born  the  <)ih  of 
December  l667,  at  Norton  in  the  county  of  Leicester, 
where  his  father  was  rector.  He  was  educated  under  hit 
father  Cill  he  was  17  years  of  age,  when  he  was  senC  to 
Tamworth  school,  and  two  years  after  admitted  of  Clare- 
hall,  Cambridge,  where  he  pursued  his  studies,  and  par- 
ticularly the  mathematics,  with  great  diligence,  During 
this  time  he  became  afflicted  with  a  great  weakrtcss  of  sight, 
owing  to  close  study  in  a  whitened  room  ;  which  was  in  a 
good  measure  relieved  by  a  little  relaxation  from  study, 
and  taking  off  the  strong  glare  of  light  by  hanging  the 
place  oppostle  his  seat  with  green. 

In  lb'^3  he  became  master  of  arts  and  fellow  of  the 
college,  and  soon  after  commenced  one  of  the  tutora ;  but 
his  ill  state  of  health  soon  after  obliged  him  to  relinquish 
this  profession.  Having  entered  into  orders,  in  I694  he 
became  chaplain  to  Dr.  Mo re^  bishop  of  Norwich;  and 
while  in  this  station  he  published  his  first  work,  A  New 
Theory  of  the  Earth  &c ;  in  which  he  undertook  to  prove 
that  the  Mosaic  doctrine  of  the  earth  was  perfectly  agree- 
able CO  reason  and  philosophy :  which  work,  having  much 
ingenuity,  though  it  was  written  against  by  Mr.  JohnKeill, 
brought  considerable  reputation  to  tbe  author. 

In  the  year  I6QS,  bishop  More  gave  him  the  living  of 
Lowestoff  in  Suffolk,  where  he  immediately  went  to  reside, 
and  devoted  himself  with  great  diligence  to  the  discliarge 
of  that  trust — In  che  beginning  of  the  last  century  he  was 
made  sir  Isaac  Newton's  deputy,  and  afterwards  his  suc- 
cessor, in  the  Lucasian  professorship  of  mathematics;  when 
he  resigned  his  living  at  Lowestoff,  and  went  to  reside  at 
Cambridge.  From  this  time  his  publications  became  very 
,  frequent,  both  in  theology  and  mathemaries.  Thus,  in 
1702  he  published,  A  Short  View  of  the  Chronology  of 
the  Old  Testament,  and  of  the  Harmony  of  the  four  Evan- 
gelists.-~ln  1707,  Pr«lectiones  Astronomicae ;  besides  S 
Sermons  on  the  Accomplishment  of  the  Scripture  Fro- 
pihacie*,  prcachtd  at  Boyle's  lecture ;  and  Newloti'a  Atith- 
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inetica  Univera^jg. — Id  170S,  T«£quet'«  Euclid,  with  se-  an  EsMy  towards  restoring  the  true  text  of  the  Old  Ttttft> 
l«ct  Ilteoreini  of  Archiine.iin;  the  former  uf  which  Ijh^  nient. — In  1724,  The  Literal  AccornplishmentofScriptnn 
aecidi-nially  been  im  fimt  inlniduction  to  th«  study  of  the  Prophccieg.—Aho,  I'heCalculationot'SolarEclipKs  witb- 
matbemaiit's.— In  ibe  «ini«  year  he  drew  up  an  Easny  on  out  Parallaxes. — In  1726,  UftheThunderiDg  Le|ion  &C. 
the  Apotttolical  CunatitutioM,  which  the  vice  cbatkcellor  — In  17-7i  A  Culk'ctiun  of  Authentic  Record*  Mongibg 
refund  his  liienci'  for  printing.  The  author  infornis  us,  to  the  Old  and  New  Ti-'tanknC. — In  1730,  Memoin  of 
be  had  read  over  the  tivu  first  centuritratul' the  cbuich,  and  the  Lite  ol  Dr.  Samuel  Clarke. — In  1733,  A  Vindication 
Aiuni  that  the  Eusebian  or  Arian  doctrine  was  chiefly  the  of  the  Testimony  uf  Phlegon,  or  an  Account  of  the  Great 
doctrine  of  those  a^es,  which,  though  deemed  heterodox.  Darkness  and  Earthquake  at'  our  Saviour's  Passion,  de- 
ke  thought  it  hii  duty  hi  discover.— In  1709.  he  published  scribed  by  Phiegon. — In  1736,  Athanasian  Forgeries,  &c, 
a  volume  of  Sermons  Hnd  tssays  on  various  subjects, —  And  the  Primitive  Fucharis:  revived — In  1737,  The  Aitro- 
In  17  lO.  PiKli'Ctiuni s  Pliyhico-Mathematicas,  which,  v^h  nomical  Year,  particularly  of  the  Comet  foretold  by  sir 
the  Free  lee  tiones  Atirunomice,  were  translated  and  pub-  Isaac  Newton. — Also  the  Genuine  Works-  of  Flavius  Jose- 
lished  in  bngiisb.  And  it  may  be  said,  with' no  small  ho*  pbus.— In  1739,  Mr.  Whistun  put  in  his  claim  to  the  ma- 
nour  In  ihe  memory  ot  iVIr.  Wbisioit,  that  he  vfas  one  of  thetn^ti*  al  prulesfonthip  at  Cambridge,  then  vacant  by  the 
the  first  who  explained  the  Newtonian  philosophy  in  a  po-  death  uf  Dr.  Saunderson,  in  a  letter  to  Dr.  Ashton,  the 
.  pular  way,  so  as  to  be  intelligible  to  the  giiK-rality  of  master  of  Jesus-cullege;  but  no  r^urd  was  paid  tu  it.- 
reiiders.— *AmoDg  other  things  alio,  he  translated  the  In  1745,  he  published  his  Primitive  New  Testument  in 
Apuutolical  Constirutiun*  intu  English,  which  favoured  English.— In  1748,  bis  Sacred  History  of  the  Old  and 
thedoctrineofthesupremacy  ofthe  Fathcrandsubordina-  New  Testament.  Also,  Memoirs  of  bis  own  Life  and 
tion  of  the  Son,    vulgarly  called  the  Arian  heresy:, on  Writings,  which  are  very  curious. 

whkh'his  fri'-nda  began  to  be  alarmed  for  hipii  and  Ihe  Whiston  contiaued  many  years  a  member  of  the  estab- 

cons«quence  showed  it  was  nut  groundless;  for,  Oct.  30,  lished  church  ;  but  at  length  f'.>mookit,  on  account  of  the 

1710,  be  was  deprived  of  his  professorship,  and  expelled  reading  of  the  Athanasian  Creed,  and  went  over  to  the 

the  university  of  Cambridge,  after  he  had  been  formally  Baptists  ;   which  happeni'd  while  he  was  at  the  house   of 

coovened  and  interrogated  tor  several  successive  days. —  Samuel  Barker,  Bsq.  at  Lindon  in.Kutlandshire,  w'ho  had 

At  the  conclusion  of  this  year,  he  wrute'  his  Historicnl  marriedhis  daughter  ;  where  he  died,  after  a  week's 'ill- 

Prefitce,  afterwards  prefi)ied  to  bis  Primitive  Chrintiaaity  ness,  the  23d  of  August  1753,  at  upwards  of  84  yean  of 

Revived,  containing  the  reasons  for  his  dissent  from  the  age.-,-We  have  mentioned  the  principal  of  his  writings  in 

commonly  received  notions  of  the  Trinity,  which  work  he  the  foregoing  memoir;  to  which  may  be  added,  Chronolo- 

publiihed  the  next  year,  in  4  volumes  8va,  foe  which  the  gical  Tables,  puhlishett  in  f  750 ;  and  one  paper  only  in 

Convocation  fell  mpori  him  most  vehemently.  the  Philos.  Trans,  vol.  31,  on  two  mock  suns,  and  a  halo 

In  1713,  he  and  Mr.  DittOA  composed  theirscheme  for  seen  in  Oct,  17'i21- 

finding  the  longitude,  which  they  published  the  year  fol-  The  character  of  this  conscientious  and  worthy  man  hai 

lowing,  a  method  which  consisted  in  measuring  distances  been  attempted  by  two  very  able  personages,  who  were 

by  means  of  the  velocity  of  sound  ;'  some  more  particulars  well  acquainted  with  bira,  namely,  bishop  Hare  and  Mr. 

of  which  are  related  in  the  life  of  Mr.  Ditton. — In  1719,  Collins,  who  unite  in  giving  him  the  faifthest  applauses, 

he  published  an  ironical  Letter  of  Thanks  to  doctor  Ro-  for  his  integrity,  piety,  &c. — Mr.  Whiston  left  some  chil- 

binson,.  bishop  of  London,  for  his  late  Letter  to  bis  clergy  dr«n  behind  him  ;  among  them,  Mr.  John  Whiston,  who 

against  the  use  of  New  .Forms  of  Doiiulogy,     And,  ihe  was  for  many  years  a  very  considerable  bookseller  in 

same  year,  a  Letter  lo  the  earl  Of  Nottingham,  ojncern-  Lojndon. 

ing  the.Bierni^  of  the  Son  of  God,  and  his  Holy  Spirit.  WHITE,  one  of  the  colours  of  bodies.     Though  white 

—In  1720,  he  was  proposed  by  sir  Hans  Sioane  and  Dr.  cannot  properly  Jac  said  to  be  one  colour,  but  rather  a 

Hallcy   to  the  Royal  Society  as  a  member;   but  was  re-  composition  of  all  tlip  colours  together:   for  Newton  hu 

fused  Hdmiitance  by  sir  Isaac  Newton  the  president.  demonstrate ichpt  bodies  only  appear  whitt'  by  reflecting 

On  Mr.  Whiston's  e.xpulsiun  from  Cambridge,  he  went  all  the  kinds  ol  coloured  rays  alike ;  and  that  even  the 

to   London,  where  he   conferred   with   Doctors  Clarke,  light  of  the  sun  is  only  white,  because  it  consists  of  all 

Hoadley,  and  other  learned  men,  who  endeavonred  to  mo-  colours  mixed  together. 

derate  his  sea),  which  however  he  would  not  suffer  to  be  This  may  be  showq  mecKanically  in  the  following  man- 
tainted  or  corrupted,  find  many  were  not  much  satisfied  ner :  Take  seven  parcels  of  coloured  fine  powders,  the 
with  the  authority  of  tbesu  constitutions,  hut  approved  his  same  as  the  primary  colours  of  the  rainbow,  taking  such 
integrity.  Mr.  Wiiibton  now  settled  in  London  with  his  quantities  of  those  as  shall  he  proportianul  to  the  respec- 
family;  where,  without  su&'ring  his  ardour  to  be  intimi-  live  breadths  of  these  colours  in  the-  rainbow,  which  are 
dated,  he  continued  to  write,' and  to  propagate  his  Pri-  of  red  45  parts,  orange  27,  yellow  48,  green  60,  blue  60, 
initive  Christianity  wtith  as  much  fervency  as  if  he  bad  indigo  40,  and  of  violet  80;  then  mix  intimately  together 
been  in  Ihe  most  dourishing  circumstances;  which  how-  these  seven  pHrcels  of  powders,  and  the  mixture  will  be  a 
ever  were  so  bad,  that,  in  1721,  a  bubscripiion  was  made  pretty  white  colour :  this  is  only  similar  to  the  uniting  the 
for  the  support  of  bii^ family,  which  amounted  10  4701.  prismatic  colours  together  again,  to  form  a  while  ray  or 
For  though  he  drew  sums  pruhts  from  reading  astrormmi-  pencil  of  light  of  the  whole  of  them.  The  same  thnij;  is 
cal  and  philosophical  lectures,  and  also  from  his  pubhra-  .performed  conveniently  thus  :  Let  The  flat  upper  skirfaco 
tions,  which  were  very  numerous,  yet  these  of  themselves  of  a  top  be  divided  into  360  equal  part>,  all  around  its 
were  very  insufficient;  nor,  when  joined  with  the  benevo-  Cdgm  then  divide  the  same  surface  into  seven  sectors  in 
lence  and  charily  of  those  who  loved  bikI  esteemed  him  for  the  proportion  of  the  numbers  above,  by  M'ven  radii  or 
bis  learniiig,  integrity,  and  piety,  did  they  prevent  hU  lines  drawn  from  the  centre;  next  l«|  the  respective  co- 
beiag  frequently  in  great  distress.— In  1722  be  puhlitbed  lours  be  punted  in  a  lively  manner  on  these  spaces,  but 
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■o  u  the  edge  or  etch  colour  mty  be  made  marly  like  the  stMiper  of  the  money-weights;  m  office  conferred  ok 
colour  Bext  tdjoining,  that  the  scpiiration  may  not  be  bimi  altogether  UDespectedly,  and  without  lolicitation. 
well  diitinguiblied  by  the  eye;  then  if  the  top  be  made  to  On  this  occasion  he  removed  to  London,  where  he  spent 
•pin,  the  culnun  will  thus  seem  to  be  mixed  all  together,  the  remainder  of  hi»  days,  in  th^  constant  babita  of  cul- 
iurfHce  will  appear  of  a  uniform  wbiicnoM  :    .tivating  tome  useful  part*  of  philosophy  and  mecbaaisiD. 


if  a  laife  round  black  spot  be  painted  in  the  middle, 
there  may  be  only  a  broad  flat  ring  of  colours  around  it, 
the  experiment   will  succeed    the   better.     See  Newton's 
Optics,  prop.  6,  book  1 ;  and  Ferguson's  Tmcii,  pn.  296. 

While  bodies  are  found  to  take  ht^t  slower  than  black 
ones;  because  the  latter  absorb  or  imbibe  rays  of  all  kinds 
and  colours,  and  tlie  former  reflect  them.  Hence  it  is 
that  black  paper  is  sooner  put  in  Hume,  by  a  burnina- 
glass,  than'white  ;  and  hence  also  black  clothi 
in  the  sun  by  the  dyers,  diy  sooner  than  whin 

WHITEHURST  (Jous), 
■opiier,  was  boru  at  Congleton  ir 

the  lOth  of  April  1713,  being  the  son  of  a  clock  and  watch- 
maker there-  Of  the  early  part  of  his  life  but  little  is 
known.  On  his  quitting  school,  where  it  seems  the  edu- 
cation he  received  was  very  defective,  he  was  brought  up 
by  his  father  to  his  own  profi-ssion,  in  which  he  soon  gave 
hopes  of  his  future  eminence. 

ft  was  early  in  life  that,  from  hii 
stupendous  phenomena  in  Derbysbii 


And  here  bis  bouse  became  also  the  constant  resort 
of  Ibe  ingenious  sad  scientific  at  large,  of  whatever  na- 
tion or  rank,  and  this  to  such  a  degree,  as  very  often  to 
impede  bim  in  the  r^ular  prosecution  of  his  own  apacu- 
lations. 

In  1778,  Mr.  Wbitehurst  published  his  Inquiry  into 
the  Original  State  and  Formation  of  the  Earth ;  of  which 
a  secqud  edition  appeared  in  1786,  considerably  enlaiged 
hungup     and  improved;  and  s  third  in  1792.     Thia  was  the  labour 
nes.  of  many  years;  and  the  numerous  investigations  neces- 

ingenious  English  philo-     sary  to  its  completion,  were  in  themselves  also  of  so  un- 
the  county  of  Cheshire,     toward  a  nature,  as  at  times,  though  he  was  natunlly  of 
a  strong  constitution,  not  a  little  to  prejudice  his  health. 
When  tie  first  entered  on  this  spiles  of  research,  it  was 
not  altogether  wiih  a  view  to  investigate  the  formation  of 
the  earth,  but  in  part  to  obtain  such  a  competent  know- 
ledge of  subterraneous  geography  as  might  becunie  sub- 
servient to  the  purposes  of  human  life,  by  leading  man- 
lity  to  the  many     kind  to  the  discovery  of  many  valuable  substances  which 
hich  were  con-     lie  concealed  in  the  lower  regions  of  the  earth. 


■tantly  presented  to  his  observation,  his  attention  was  e\-  May  the  13lb,  1779,  he  was  elected  and  admitted  a 
cited  to  inquire  into  the  various  causes  of  them.  Fellow  of  the  Royal  Sooiety.  He  was  also  a  member  of 
At  about  the  ageof2I,  his  eagerness  after  newideas  some  other  philosophical  societies,  which  appointed  him 
carried  him  to  Dublin,  haviogheard  of  aningeoiouspiece  of  their  respective  bodies,  without  bis  previous  know- 
of  mechanism  in  that  city,  being*  clock  with  certain  cu-  ledge;  but  so  remote  was  he  from  any  thing  that  might 
rious  appendages,  which  he  xva*  very  desirous  of  seeing,  uvour  of  ostentation,  that  this  circumstance  was  known 
wid  no  less  so  of  conversing  with  the  maker.  On  his  ar-  only  to  a  very  few  of  bis  most  confidential  friends.  Be- 
rival  however,  he  could  neither  procure  a  sight  of  the  for-  fore  he  was  admitted  a  member  of  the  Royal  Society, 
mer,  nordraw  the  least  hint  from  the  latter,  concerning  it.  three  several  papers  of  his  had  been  inserted  in  the  Phi- 
l^us  disappointed,  he  fell  upon  an  expedient  for  accom-  losophical  Transactions,  vis,  Thennomelrical  Observa- 
pli^ing  his  design ;  and  act^irdingly  took  up  hi*  residence  tions  at  Derby,  in  vol.  57 ;  An  Account  of  a  Machine 
in  the  house  of  the  mechanic,  paying  the  more  liberally  for  raising  Water,  at  Oulton,  in  Cheshire,  in  vol.  65  ;  and 
for  his  board,  ai  be  thus  had  hopes  of  more  readily  ob-  Experiments  on  Ignited  Substances,  vol.  66 :  which  three 
■  .    .     -            ■     -      .  ^  Collection  of  hii 


toining  the  indulgence  wished  for..  He 
dated  with  a  room  directly  over  that  in  which  the  favou- 
rite piece  was  kept  carefully  locked  up  :  and  be  had  not 
long  to  wait  for  his  gratification ;  for  the  artist,  while  one 
day  employed  in  examining  his  machine,  was  suddenly 
called  downstairs;  which  the  yoi 
to  overhear,  softly  slipped  ' 


papers  were  printed  afterwards  i 

works  in  1793.      ' 

In  1783  he  made  a  second  visit  to  Ireland,  with  a  view 

to  examine  the  Giants'  Causeway,  and  other  northern 

parti  of  that  island,  which  he  found  to  be  chieHy  com- 
iquirer. happening  posed  of  volcatiic  matter:  an  account  And  representa- 
in*pccted  the  ma-     tions  of  which  arc  inserted  in  the  latter  edirioirs  of  his 


chine,  and,  presently  satisfying  himself  a*  to  the  secret,     Inquiry.     During  this  excnrsion,  he  erected  an  engine, 

escaped  undiscovered  to  his  own  apartment.    His  end  thus     for  raising  water  frofii  a  well,  to  the  summit  of  a  hill,  in 

mpassed,  he  shortly  after  tndc  the  artist  farewell,  and     a  bleaching  ground,  at  Tullidoi,  in  the  county  of  Tyrone: 


returned  to  hi*  father  In  England. 

About  two  or  three  years  after  bis  return  from  Ireland, 
he  left  Congleton,  and  entered  into  business  for  himself 
at  Derby,  where  be  soon  procured  great  employment, 
and  distinguished  himself  very  much  by  several  ingenious 
pieces  of  mechanism,  btith  in  his  own  regular  lino  of 
business,  and  in  various  other  respects;  as,  in  the  con- 
struction of  curious  thermometers,  barometers,  and  other 
philosophical  instruments,  as  well  as  in  ingenious  con- 
trivances for  watci''Works,  and  the  erection  of  various 
larger  machines:  being  consulted  in  almost  all  the  un- 
dertakings in  Dcibysl.ire,  and  in  the  neighbouring  coun- 
tic?,  where  the  aid  of  superior  :tkill  in  mechanics,  pneu- 
matics, and  hydraulics,  was  requisite.  4 

In  [his  manner  his  time  was  fully  and  usefully  employ- 
ed in  the  country,  liU,  in  1775,  when  the  act  passed  for 


rked  by  a. current  of  water,  and  for  its  utility  ii 
perhaps  unequalled  in  any  country. 

Ill  1787  be  published.  An  Af tempt  toward  obtaining 
Invariable  Measures  of  Length,  Capacity,  and  Weight, 
from  the  Mensuration  of  Time.  His  plan  is,  to  obtain 
a  measures  of  the  greatest  length  that  conveniency  will 
permit,  from  two  pendulums  whose  vibrations  are  in  the 
ratio  of  2  to  I,  and  whose  kngths  coincide  nearly  with 
the  English  standard  in  whole  numbers.  The  iiumben 
which  he  has  chosen  show  much  ingenuity.  On  a  sup- 
position that  the  length  of  a  seconds  pendulum,  in  the 
latitude  of  London,  is  39}  inches,  the  length  of  one  vi. 
britting  42  limes  in  a  minute,  must  be  80  inches;  and  of 
another  vibrating  B4  limes  in  a  minute  must  be  30  inches; 
their  difference,  60  inches,  or  5  feet,  is  his  standard  mea- 
By  the  experiments  however,  the  difference  bt- 


llie  better  regulation  of  the  gold  coin,  he  was  appointed     twecn  tha  lengths  of  tha  two  pendulum  rods,  was  founil 
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fo  be  onty  59*892  incbes,  ingleac}  of  60,  owing  to  the 
'■error  in  lho*iissuinL'd  length  of  the  seconds  ]H-ndiilun), 
39^  inches  being  greater  than  the  (ruth,  which  ouglit  to 
be  391  very  nearly.  By  ihis  experiment,  Mr.  While- 
hurst  obtftiiwd  a  faci,  as  accurately  as  may  be  in  a  thing 
of  ttiis  nature,  viz,  the  difiercnce  between  the  lengths  of 
two'penduluro  rods  whose  vibrations  are  known :  a  datum 
from  which  may  be  oblHined,  by  calculation,  the  true 
lengths  of  pendtilunis,  the  soaces  through  which  heavy 
bodies  fall  in  a  given  time,  .and  many  other  particulars 
relating  to  the  doctrine  ot  gravitation,  the  figure  of  the 
earih,  &c,  &c. 

Mr.  Whilrburst  had  been  at  times  subject  to  alight  ai- 
tacki  of  the  gout,  and  he  had  for  several  years  felt  him- 
self gradually  declining. ,  By  an  attack  of  that  disease  in 
his  stoinach,  after  a  struggle  of  two  or  three  nonihs,  it 
put  an  end  to  his  laborious  and  useful  life,  on  the  ISlh 
of  February  1788,  in  the  75lh  year  of  his  age,  at  his 
house  in  Bolt-court,  Fleet-street,  being  the  same  house 
where  another  eminent  stlf-laught  philosopher,  Mr.  James 
Ferguson,  hud  ju^t  before  him  live<!  and  diet]. 

For  several  years  before  his  death,  Mr.  \Vhitehur«t  had 
been  at  times  occupied  in  arranging  and  completir^s  sume 
papers,  for  a  treatise  on  Chimneys,  Ventilation,  and  Gar- 
den-stoves; which  have  since  been  collected  and  given 
to  the  public,   by  Dr.U'illaii,  in  1794- 

However  respectable  Mr.  Whilchurst  may  have  been 
in  mechanics,  and  those  parts, of  natural  scjendc  which 
be  more  imincdiately 'cultivated,  he  was  of  still  higher 
account  with  his  acquaintance  and  friends  on  the  score 
of  his  moral  qualities.  To  say  nothing  of  the  upright- 
ness and  punctuality  of  his  dealings  in  all  transactions 
rclatire  to  business ;  few  men  have  been  known  to  possess 
more  benevolent  alfections  than  he,  or,  being  possessed 
of  such,  to  direct  thcm.more  judiciously  to  their  proper 
ends.  With  regard  to  his  person,  he  was  above  the  mid- 
dle stature,  rather  thin  than  otherwide,  and  of  a  coun- 
tenance expressive  at  once  of  penetration  and  mildness. 
His  line  gray  locks,  unpolluted  by  art,  gave  a  venerable 
air  to  his  appearance.  In  dress  he  was  plain,  in  die't 
temperate,  in  his  general  intercourse  with  mankind  easy 
and  obliging.  In  company  he  was  cheerful  or  grave  alike, 
sccording  to  the  dictate  of  the  occasion;  wiih  now  and 
then  a  peculiar  species  of  humour  about  him,  delivered 
with  such  gravity  of  tnanner  and  utterance,  that  those 
who  knew  him  but  slightly  were  apt  to  understand  him  as 
serious,  when  he  was  taerriy  playful.  But  where  any  de- 
sire of  information  on  subjects  in  which  he  was  conver- 
sant was  expressed,  he  omitted  no  opportunity  of  im- 
parting it. 

WHITSUNDAY,  the  50th  day  or  seventh  Sunday  from 
faster, — The  season  properly  called  Pentecost,  is  popu- 
larly called  Whitsuntide ;  because,  it  is  said,  in  the  primi- 
tive chiirch,  the  newly  baptized  persons  came  to  church 
between  Easier  and  Pentecost  in  white  garments. 

•WILKINS  (Dr.  John),  a  very  ingenious  and  learned 
English  bishop  and  mathematician,  was  the  son  of  a  gold- 
smith at  Oxford,  and  born  in  l6l4.  AAer  being  edu- 
oated  in  Greek  and  Latin,  in  which  he  made  a  very  tjuick 
progress,  he  was  entered  a  student  of  New  Inn  in  that 
university,  when  he  was  hut  13  years  of  age ;  hut  after  a 
short  stay  there,  be  was  removed  to  Magdalen  Hall, 
where  he  took  bis  degrees.  Having  entered  into  holy 
orders,  he  6rst  became  chaplain  to  WiltiamLord  Say, and 
afterwards  to  Charles  Count  Palatine  of  the  Rhine,  with 

Vol.  I  J. 
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whom  he  continued  sometime.  Adhering  to  the  parlia- 
ment during  the  civil  wars,  they  made  hi;n  warden  of 
Wadham  college  about  the  year  l648.  In  l656  he  mar- 
ried the  sister  Sf  Oliver  Cromwell,  then  lord  protector  of 
England,  who  granted  him  a  dispensation  to  hold  his  war- 
densbip,  notwithstanding  his  marriage.  In  lG5p,  hewas 
by  Richard  Cromwell  made  master  of  Trinity  college  in 
Cambridge;  but  ejected  the  year  following,  on  the  restora- 
tion. He  was  then  chosen  preacher  to  the  society  of 
Gray's  Inn,  and  rector  of  St.  Lawrence  Jewry,  London, 
on  the  promotion  of  Dr.Scth  Ward  [o  the  bishoprick  of 
Kxetcr.  He  was  one  of  the  first  members  of  the  Royal 
Society,  was  chosen  of  their  council,  being  indeed  their 
first  chief  secretary,  and  proved  one  of  their  most  emi- 
nent members.  He  was  afterwards  made  dean  of  Rippon, 
and  in  16'68  bishop  of  Chester;  but  died  of  the  stone  In 
1672,  at  58  years  of  age. 

Bishop  Wilkins  was  a  man  who  thought  it  prudent  to 
submit  to  the  powers  in  being ;  he  therefore  subscribed  . 
to  the  solemn  league  and  covenan,!,  while  it  was  enforced ; 
and  was  equally  ready  to  swear  allegiance  fo  king  Charles 
when  he  was  restored :  thil,  with  his  moderate  spirit  to- 
wards dissenters,  rendered  him  not  very  agreeable  to  the 
churchmen  ;  and  yet  several  of  them  could  not  but  give 
him  one  of  the  best  of  charactei's.  Burnet  writes,  that 
"  he  was  a  man  of  as  great  a  mind,  as  true  a  judgment, 
as  eminent  virtues,  and  of  as  good  a  soul,  as  any  he 
ever  knew  :  .that  though  he  married  Cromwell's  sister,  yet 
he  made  no  other  use  of  that  alliance,  but  to  do  good 
offices,  and  to  cover  the  university  of  Oxford  from  the 
sourness  of  Owrn  and  Goodwin.  At  Cambridge,  he 
joined  with  those  who  studied  to  propagate  belter  thoughts, 
to  divert  men  from  parlies,  or  from  narrow  notions,  from 
superstitious  conceits,  and  fierceness  about  opinions.  He 
was  also  a  great  observer  and  promoter  of  experimental 
philosophy,  which  was  then  quite  a  new  subject,  and  much 
sought  after.  He  was  naturally  ambitious,  but  was  the 
wisest  clergyman  I  ever  knew.  He  was  a  lover  of  man- 
kind, and  bad  a  delight  in  doing  good."  The  same  histo- 
rian mentions  afterwards  another  (quality  which  Wilkins 
possessed  in  a  supreme  degree,  and  which  it  was  well  for 
him  he  did,  since  he  had  great  occasion  for  the  use  of 
it  J  and  that  was,  says  he,  "  a  courage,  which  could 
stand  against  a  current,  and  against  all  the  reproachei 
with  which  ill-natured  clergymen  studied  to  load  him." 

Of  his  pubiicanons,  which  are  all  of  ihem  very  inge- 
nious end  learned,  ami  many  of  them  particularly  cu- 
rious and  entertaining,  the  first  was  in  1638,  when  he  was 
only  24  years  of  age,  viz.  The  Discovery  of  a  New  World; 
or,  A  Discourse  to  prove,  that  it  is  probable  there  may 
be  another  Habitable  World  in  the  Moou;  with  B  Dis- 
course concerning  the  Possibility  of  a  Passage  thither. — 
In  1640,  A  Discourse  concerning  a  New  Planet,  tending 
to  prove  that  it  is  probable  our  earth  is  one  of  the  Pla- 
nets.— In  lG41,  Mercury  ;  or,  the  Secret  and  Swift  Mes- 
senger; showing,  how  a  man  may  with  Privacy  and 
Speed  communicate  his  Thoughts  to  a  Friend  at  any 
Distance,  8vo. — In  l6*8.  Mathematical  Magic ;  or,  thn 
Wonders  that  may  be  performed  by  Mathematical  Geo- 
metry, 8  vo.  All  these  pieces  were  published  entire  in 
one  volume  8vo,  in  17O8,  under  the  title  of,  The  Mathe- 
matical and  Philosophical  Works  of  the  Right  Rev.  John 
Wilkins,  &c ;  with  a  print  of  the  author  and  general  title 
page  handsomely  engraven,  and  an  account  of  his  lifs 
and  writings.      To  this  collection  is  also  subjoined  aa 
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abstract  of  s  Ivger  work,  prJoted  in  1668,  folio,  em-  northerly  and  southerly  winds  bowerer,  which  are  usually 

tilled.  An  Euay  towardH  &  Real  Obancter  and  a  Phi lo-  accounted  the  causes  of  cold  and  warm  Member,    Dr. 

lOftbical  Language.    Tbew  nere  all  hit  maihematic&l  Derhani  ohserves,  are  really  rather  the  effect  of  the  cold 

aad  philosophical  works;  beside  which,  be  wrote  several  or  warmth  of  ibe  atmosphere.     Hence  it  is  that  we  ofien 

tracts  in   theology,  natural   religion,   and   ciiil   polity,  find  a  warm  southerly  wind  suddenly  change  to  the  north, 

which  were  much  esteemed  for  their  piety  and  modera-  by  the  fall  of  snow  or  hail ;  and  in  a  cold  frosty  morning 

lion,  and  went  through  several  editions.     He  was  also  the  we  find  the  wind  north,  which  afterward  shifts  about  to 

.  inventor  of  the  Perambulator,  or  Measuring- whecL  the  soothorly  quarter,  when  the  sun  has  well  warmed  the 

WILSON   (Alex.)   m.d.  was  professor  of  astronomy  air;  and  again  in  the  cold  evening,  turns  northerly,  or 

in  the  univenity  of  Glasgow,  and  also  very  respectably  easterly. 

learned  in  other  arts  and  scientres,  and  was  author  of  some         PAyncnl  Cttue  qf  Wikds.     Some  philosophers,  as  Des- 

ingenious  papers  in  the  Philos.  Trans.     He  wss  also  re-  cartes,  Ruhautt,  &.c,  strcount  for  the  general  wind,  fram 

markably  eminent  as  a  founder  of  printing- types,  an  art  the  diurnal  rotation  of  the  earth;  and  from  this  general 

which  he  carried  to  a  high  state  of  excellence.     Dr.Wil-  wind  they  derive  all  the  particular  ones'.     Thus,  as  the 

■on  died  Oct.  18,  1780,  and  was  succeeded,  in  both  bis  earth  turns  eastward,  the  particles  of  the  air  near  the 

professions,  by  bis  ingenioas  and  learned  son.  equator,  being  very  light,  are  left  behind  ;  so  that,  in  re- 

WINCH,  a  popular  term  for  a  windlass.     Also  the  spect  of  the  earth's  surface,  the^  move  westwards,  and  be- 

bent  handle  for  turning  round  wheels,  grind-stones.  Sec.  .  come  a  constant  easterly  wind,  as  ibcy  are  found  between    . 

WIND,  a  current  or  stream  of  air,  especially  when  it  (be  tropics,  in  those  pnralleUof  la  tittrde  where  the  diurnal 

is  moved   by  some  natural  cause.     Winds  are  denomi-  notion  is  swiftest.     But  yet,  agairist  this  hypothesis,  it  is 

nated  from  Uie  point  of  the   compass  or  horizon  they  urged,  that  the  air,  being  kept  c\ok  to  the  earth  by  the 

blow  from;  as  the  east  wind,   north  wind,  south  wind,  principle  of  gravity,  would  in  tim?  acquire  the  same  de- 

&£,     Winds  are  also  divided  into  several  kinds ;  as  gene-  gree  of  velocity  that  the  earth's  surface  moves  with,  as 

ral,  particular,  pi^rennial,  stated,  variable,  &c.  well  in  respccf  of  the  diurnul  rotatioi^,  as  of  the  an- 

(^atanl  or  Perennial  Wjv  ds,  an;  those  that  always  uual  revolution  about  the  sun,  which  is  about  SO  times 

blow  the  same  way ;  such  as  (he  remai  kable  one  between  swifter. 

a«  two  tri^ics,  blowing  constantly  from  east  to  west,         Dr.  Hulley  therefore  siibstitatesanothercause,  capable 

Cftlled  also  the  general  trade-wind.  of  producing  a  like  constant  effect,  not  Jjable  to  the  same 

.   Slated  or  Periodical  Wikds,  tire  those  that. constantly  objections,  but  more  agreeable  to  the  known  properties  of 

return  at  certain   times.     Such    are  the  sea  and    land  the  elements  of  air  and  water,  and  the  laws  of  the  motion 

breezes,  blowing  from  land  to  sea  in  the  morning,  and  of  fluid  bodies.     And  that  is  (he  action  of  the  sun's  beams, 

from  sea  to  land  in  the  evening.     Such  also  are  the  shift-  as  he  passes  every  day  over  tbtf  air,  earth,  and  water, 

ing  or  particular  trade-winds,  which  blow  one  way  dur-  combined  with  the  situation  of  the  edjuiQing  caniioents. 

ing  certain  months  of  the  year,  and   the  contrary  way  Thus,  the  air  which  is  less  rarefied  or  expanded  by  heat, 

the  rest  of  the  year.  must  have  a  motron  towards  thote  purls  which  are  more 

Vanable  OT  Erratic  Vi IV 09,  are  such  as  blow  without  rarefied,  and  Irss  ponderous,  to  bring  the  whole  to  an 

any  regularity  either  as  to  time,  place,  or  direction.  Such  equilibrium  ;  and  as  thr  sun  keeps  continually  shifting  to 

ttre  the  winds  in  the  interior  parts  of  England,  &c:  though  the  westward,  the  tendency  of  the  whole  body  uf  the 

some  of  these  claim  their  certain  times  of  the  day;  as,  lower  air  is  that  wa}'.     Thus  n  general  easterly  wind  is 

the  north  wind  is  most  frequent  in  the  morning,  the  west  formed,  which  being  impressed  on  the  air  of  a  vast  ocean, 

wind  about  noon,  and  the  south  wind  in  the  night.  the  parts  impel  one  another,  and  so  keep  moving  till  the 

General  Wind,  is  such  as  blows  at  the  same  time  the  next  return  of  the  sun,  by  which  so  much  of  the  motion 

same  way,  over  a  very  large  tract  of  ground,  most  part  of  as  was  lost,  is  again  restored;  and  thus  the  essteHy  wind 

the  year;  as  the  general  trade-wind.  ia  made  perpetual.-    But  as  the  air  towards  the  north  and 

Particular  Winds,  include  all  others,  except  the  ge-  south  is  less  rarefied  than  in  the  middle,  it  follows  that 
ncral  trade  winds.     'Those  peculiar  to  one  little  canton  or  from  both  sides  it  ought  to  tend  lowardu  the  equator. 
province,  are  called  topical  or  provincial  winds.     The         This   motion,  compoundi'd   with  the  former  easterly 
winds  are  also  divided,  with  respect  to  the  points  of  the  wind, accounts  for  all  the  phenomena  of  the  general  trade- 
Compass  or  of  the  faoriion,  into  cardinal  and  collateral.  .  winds,  which,  if  the  whole  surface  of  ibe  globe  Were  sea, 

Q^inal  Winds;  are  those  blowing  froin  the  four  car-  would  blow  quite  round  the  world,  as  they  are  found  to 

dinal  points,  east,  west,  north,  and  south.  do  in  the  Atlantic  and  the  Hthiopic  oceans.     But  the  targe 

Coliaierat  Winds,  are  the  intermediate  winds  between  continents  of  land  in  this  middle  tract,  being  excessively* 

any  two  cardinal  winds,  and  take  their  names  from  the  heated,  communicate  their  heal  lo  the  air  above  them, 

ponit  of  (he  compass  or  horizon  they  blow  from.  by  which  it  is  exceedingly  rarelied,  which  makes  it  ueccs- 

In  navigation,  when  the  wind  blows  gendy,  it  is  called  sary  that  the  cooler  and  denser  air  should  rush  in  towards 

a  breeze ;  when  it  blows  harder,  it  is  called  a  gale,  or  a  it,  to  restore  the  equilibrium.     This  is  supposed  to  be  the 

stiff  gale;  and  when  it  blows  very  hard,  a  storm.     For  a  cause  wh^,  near  the  coast  of  Guinea,  the  wind  always 

particular  account  of  the  trade-winds,  monsoons,  &c,  sets  in  on  the  land,  blowing  wesleriy  instead  of  easterly, 
see  Philos.  Trans.  No.  183,  or  Ahridg.  vol.  I,  pa.  375.         From  the  same  cause  it  happens,  that  there  arc  such 

Also  Robertson's  Navigation,  book  5,  sect.  6.  constant  calms  in  that  part  of  the  ocean  cnlled  the  rains; 

A  wind  blowing  from  the  sea,  is  always  moist ;  as  bring-  for  this  tract  being  placed  in  the  middle,   between  the 

ing  with  it  the  copious  evaporation  and  exhalations  from  westerly  winds  blowing  on  the  coast  of  Guinea,  and  the 

the  waters:  also,  in -summer,  it  is  cool;  and  in  winter  easterly  trade-winds  blowing  to  the  westward  of  it;  the 

warm.     On  the  contrary,  a  wind  from  the  continent,,  is  tendency  of  the  air  here  is  indifferent  to  either,  and  sn 

atwayidry;  warm  in  lumraer,  and  cold  in  winter.    Our  stands  in  equilibrio  between  both  ;  and  the  weight  of  tha 
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incumbent  Btmosphere  being  dkniniahed  by  the  continual 
contmry  winds  bluffiog  hence,  it  the  reason  that  the  air 
here  retains  not  the  copioui  vapouT  it  receives,  but  letl  it 
fall  in  au  frequent  rains. 

It  is  also  to  be  considered,  that  to  the  northward  of  the 
Indian  ocean  there  is  every  where  land,  within  the  usual 
limits  of  the  latitude  of  30**,  viz,  Arabia,  Persia,  Iniiia, 
&c,  which  are  subject  to  esceisive  heat*  when  the  sun  is 
to  the  north,  passing  nearly  vertical ;  bat  which  arc  tem- 
perate enough  when  the  sun  is  removed  towards  the  other 
tropic,  because  of  a  ridge  of  mountaini  at  some  distance 
within  the  land,  said  to  be  often  in  winter  covered  with 
■now,  over  which  the  air  as  it  passes  must  needs  be  much 
chilled.  Hence  It  happens  that  the  air  coming,  accord- 
ing to  the  general  rule,  ouF  of  the  north-east,  to  the  In- 
dian sea,  is  sometimes  hotter,  sometimes  colder,  than  that 
which,  by  a  circulation  of  one  current  over  another,  is 
returned  out  of  the  south-west ;  and  consequently  some- 
times  the  under  current,  or  wind,  is  from  the  north-east, 
■omcUmes  from  the  suuth-west. 

That  this  has  no  other  cause,  appears  from  the  times 
irheii  these  windssefin,  viz,  in  April:  when  the  sun  begins 
to  warm  these  countries  to  the  north,  the  south-west  mon- 
soons begin,  and  blow  during  the  beats  till  October, vrhen 
the  sun  having  retired,  and  all  things  growing  cooler 
northward,  but  the  heat  increasing  to  the  south,  the  north- 
east winds  enter,  and  blow  all  the  winter,  till  April  again. 
And  it  is  doubtless  from  the  same  principle,  that  to  the 
southward  of  tbe  equator,  in  part  of  the  Indian  ocean, 
the  north-west  winds  succeed  the  south-east,  when  tbe 
sun  draws  near  the  tropic  of  Capricorn,  Pbilos.  Trans. 
No.  183. 

But  some  philosophers.  Dot  satisfied  with  Dr.  Haltey's 
theory  above  recited,  or  thinking  it  not  sufficient  for  ex- 
plaining tbe  various  phenomena  of  the  wind,  have  had  re- 
course to  another  cause,  via,  the  gravitation  of  the  earth 
and  its  atmosphere  towards  th«  sun  and  moon,  to  which 
the  tides  are  confessedly  owing.  They  all^e  that,  though 
we  cannot  discover  aerial  tides,  of  ebb  or  flow,  by  means 
of  the  barometer,  because  columns  of  air  of  unequal 
height,  but  different  deniiity^  may  have  the  saise  pressure 
or  weight;  yet  the  protuberance  in  the  atmosphere,  which 
is  conlianally  following  the  moon,  mutt,  say  they,  occa- 
sion a  motioa  in  alt  parts,  and  so  produce  a  wind  more  or 
less  to  every  place,  which  conspiring  with,  or  beiag  coun- 
teracted by,  the  winds  arising  from  other  causes,  makes 
them  greater  or  less.  Several  disseVtatioua  to  this  pur^ 
pos«  were  published,  on  occasion  of  the  aul{ject  proposed 
by  the  Academy  of  Sciences  at  Berlin,  for  the  year  1746. 
But  Muascbcnbroek  will  not  allow  that  the  attraction  of 
the  moon  is  the  cause  of  the  general  wind  ;  because  the 
east  wind  does  not  follow  the  motion  of  the  moon  about 
the  eftrth  ;  for  in  that  case  there  would  be  more  than  34 
changes,  to  which  it  would  be  subjei;!  in  the  course  of 
a  year,  instead  of  tvro.  Introd.  ad  Phil.  Nat.  vol.  2, 
pa.  U03. 

And  Mr.  Henry  Eeles,  conceiving  that  the  rarefiwtion 
of  the  air  by  the  sun  cannot  simply  be  the  cause  of  all 
the  regular  and  irregular  motions  which  we  find  in  the 
'  atmosphere,  ascribes  them  to  another  cause,  viz,  the 
ascent  and  descent  of  vapour  and  exhalation,  attended  by 
the  electrical  fire  or  fluid  ;  and  on  this  principle  he  has 
endeavoured  to  explain  at  large  the  general  phenomena 
9f  the  weather  and  barometer.  Pbilos.  Trans,  vol.  4£), 
pa.  134. 


Imm  itf  the  Pnductimnif  yViHTt. 
The  chief  laws  concerning  the  production  of  wind, 
may  be  collected  under  the  following  heads. 

1.  If  the  spring  of  the  air  be  weakened  in  any  place 
more  than  in  the  adjoining  places,  a  wind  will  blow 
through  the  place  where  the  diminution  is  ;  because  the 
less  elastic  or  forcible  will  give  way  to  tbat  which  is  more 
so,  and  thence  induce  a  current  of  air  into  that  place, 
or  a  wind.  Hence,  because  the  spring  of  the  air  in- 
creases, as  tbe  compressing  weight  increases,  and  com- 
pressed air  is  denser  than  that  which  is  less  compressed;  all 
winds  blow  into  rarer  air,  out  of  a  place  filled  with  a  denser. 

2.  Therefore,  because  a  denser  air  is  specifically  hea^ 
vier  than  a  rarer;  an  extraordinary  lightness  of  the  air  in 
any  place  must  be  attended  with  extraordinary  winds,  or 
storms.  Now,  an  extraordinary  iall  of  the  mercury  in  the 
beroineter  showing  an  extraordinary  lightness  of  the  at- 
mosphere, it  is  no  wonder  if  that  foreteb  storms  of  wind 
and  rain. 

3.  If  tbe  air  be  suddenly  condensed  in  any  place,  its 
spring  will  be  suddenly  diminished;  and  hence,  if  this 
diminution  be  great  enough  to  affect  the  barometer,  a 
wind  wilt  blow  through  the  condensed  air.  But  since  the 
air  cannot  be  suddenly  condensed,  unless  it  lias  before 
been  much  rarefied,  a  wind  will  blow  through  .the  air,  as 
it  cools,  aftef  having  been  violentiy  heated. 

4.  In  like  manner,  if  air  he  suddenly  rarefied,  its  spring 
is  suddenly  increased ;  and  it  will  therefore  flow  through 
the  air  not  acted  on  by  the  rarefying  force.  Hence  a 
wind  will  blow  out  of  a  place,  in  which  tbe  air  is  sud- 
denly rarefied ;  and  on  this  principle  probably  it  is,  that 
the  sua,  by  rarefying  the  air,  must  ha?e  a  great  influence 
on  the  production  of  winds. 

5.  Most  caves  are  found  to  emit  wind,  either  more  or 
less.  Musschenbroek  has  enumerated  a  variety  of  causey 
that  produce  winds,  existing  in  the  bowels  of  the  earth,  on 
its  surface,  in  the  atmosphere,  and  above  it.  See  Introd. 
ad  PJiil.  NaL  vol.  2,  pfu  1U6. 

6.  The  rising  and  changing  of  the  winds  are  determined 
by  weathercocks,  placed  on  the  tops  of  high  buildings, 
&c.  But  these  only  indicate  what  passes  about  their 
own  height,  x)r  near  the  surface  of  the  earth.  And  Wol- 
fius  assures  us,  from  observations  of  several  years,  that 
the  hi^er  winds,  which  drive  the  clouds,  are  different 
from  the  lower  ones,  which  move  the  weathercocks.  In- 
deed it  is  no  uncommon  thing  to  see  one  tier  of  clouds 
driveirone  way  by  a  wind,  and  another  tier  just  over  the 
former  driven  the  contrary  way,  by  another  current  of 
air,  and  thatoften  with  very  different  velocities.  And  tbe 
late  experiments  with  air  balloons  have  proved,  the  fre- 
quent existence  of  counter  winds,  or  currents  of  air,  eveu 
when  it  was  not  otherwise  visible,  nor  at  all  expected  ;  by 
which  they  have  been  fouud  to  take  very  different  and  un- 
expected courses,  as  they  have  ascended  to  higher  eleva- 
tions in  the  atmosphere. 

Lauit  of  the  Force  and  Veloaty  <^tke  V/mit. 
Wind  being  only  air  in  motion,  and  the  motion  of  a 
fluid  against  a  body  at  rest,  creating  tbe  same  resistance 
as  when  the  body  moves  with  the  same  velocity  through, 
tbe  fluid  at  rest;  it  follows,  that  the  force  of  the  wind, 
and  the  laws  of  its  action  on  bodies,  may  be  referred  to 
those  of  their  resistance  when  moved  through  it ;  and  as 
these  circumstances  have  been  treated  pretty  fully  under 
the  article  Resistaxck  qfthe  Air,  there  is  no  occasion 
here  to  make  a  repetition  of  them.  We  then  laid  down 
412 
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both  the  quantity  and  laws  of  iutki  a  force,  on  bodies  of  *The  velocity  and  force  of  the  wind  are  aho  ili'termiucfl 

different  thajiett  ami  si^es,  moving  with  all  degrees  of  vc-  e^pe^imentul)y  by  various  machines,  called  anemometers, 

locily  Uji  to  2O00  feet  per  second,  and  also  for  planes  set  wind -measurers,  or  wind-gageii;  ibe  description  of  whicb 

at  all  deorees  of  obliquity,  or  inclination  to  the  direction  aee  under  these  articles. 

of  motion  ;  all  the»e  circumitancos  having,  fur  the  tirst  The  force  of  ilie  wind  is  nearly  as  tijc  square  of  thevc- 

time,  been  determined  by  real  experiments.  locity,  or  but  little  above  it,  in  these  velocities.     But  the 

As  to  the  Velocity  qf  the  Wind:  philosophers  have  mad«  force  is  much  more  thaii  in  ibe  simple  ratio  of  the  sur- 

use  of  various  methods  for  determining  it.     The  method  faces,  with  the  same  velocity,  and  ibis  increase  of  the  ra- 

cmployed   hy  Dr.  Dcrhara,  was  by  letting  light  downy  tio  is  ibc  more,  as  the  velocity  is  more,     lly  accurate  ex- 

fenlhers  fly  in  the  air,  and  nicely  obsfrvingthe  distance  to  perimcnts  with  two  planes,  the  one  of  17J  square  inches, 

vhich  they  were  carried  in  any  number  of  half  seconds,  the  other  of  32,  which  are  nearly  in  the  ratio  of  5  to  g,  I 

He  says  that  he  thus  measured  the  velocity  of  the  wind  found  their  resistances,  with  a  velocity  of  20  feet  per  se- 

in  the  great  storm  of  August  1705,  which  he  found  moved  coud,  to  be,  the  one  1-196  ounces,  and  the  other  2-542 

at  the  rate  of  33  feet  in  half  a  second,  or  45  miles  per  ounces ;  which  are  in  the  ratio  of  8  to  17,  bt-iug  an  iD> 

hour:    whence  he  concludes,  that  the  most  vehement  crease  of  hetween  ^  and  ^  part  more  than  the  ratio  of  the 

wind  does  not  fly  at  the-  rate  of  above  50  or  60  miles  aa  surfaces, 

hour;  and  that  at  a  medium  the  velocity  of  wind  is  at  the  WINDAGE,  qf  a  Gun,  is  the  difference  between  the 

rate  of  12  or  15  miles  per  hour.     Fhilos.  Trans.  No.  313.  diameter  of  the  bore  of  the  gun,  an.l  the  diameter  of  the 

Mr.  Brice  observes   however,    that  experiments  with  ball.     Formerly  the  windage  appointed  iu  the  Knglish  ser- 

leathers  are  liable  to  much  uncertainty;  as  they  hardly  vice,  viz,  ,'„  of  the  diameter  of  the  bore,  of  long  usage, 

ever  go  forward  in  a  straight  direction,  but  spirally,  or  has  been  tar  too  much,  perhaps  owing  to  the  first  want  of 

else  irrcgulafly  from  side  to  side,  or  up  and  down.  roundness  in  the  ball,  or  to  rust,  foulness,  and  irregulari- 

Hc  therefore  considers  the  motion  of  a  cloud,  by  means  ties  in  the  bore  of  the  gun.     But  lately  a  hegianing  has 

of  its  shadow  over  the  surface  of  the  earth,  as  a  much  been  made  to  diminish  the  windage,  which  cannot  tail  to 

more  accutate  measure  of  the  velocity  of  the  wind.     In  be  of  great  advantage;  as  the  shot  will  go  much  truer,  and 

this  way  he  found  that  the  wind,  in  a  considerable  storm,  have  less  room  to  bou:>ce  about  from  side  to  side,  to  the 

moved  at  the  rate  of  near  63  miles  an  hour ;  and  when  it  great  damage  of  the  gun  :  and  betides,  much  less  powder 

blew  ft  fresh  gate,  at  the  rale  of  21  miles  per  hourj  and  will  serve  fur  the  same  efk-ci,  as  in  some  ca»'s  ^  or  ^  the 

in  a  small  breete  it  was  near  10  miles  an  hour.     Philos,  inflamed  powder  escapes  by  the  windage.     I'hc  French  al- 

Trans.  toI.SO,  pa.236,  lowancc  uf  windage  is  -^  of  the  diameter.     Fur  more  on 

Ai  the  Philos.  Trans,  for  1759i  pa.  165,  Mr.Smeatonhnt  this  subject,  sec  the  experiments  described  in  my  Tract', 

given  a  table,  communicated  to  him  by  a  Mr.  Rouse,  for  vols.  2  and  3. 

■lowing  the  force  of  the  wind,  with  several  different  veto-  WlNDLASS,orWiXDLACE,  a  particular  machine  used 

cities,  which  is  here  inserted  below,  as  I  find  the  numbers  for  raising  heavy  weights,  as  guns,  stones,  anchors,  &c. 

•earlyagreewithmyownexperimcntsmadeon tberesistance  This  is  a  very  simple  machine,  consisting  only  of  an 

of  the  air,  when  the  resisting  surfaces  are  reduced  to  the  axis  or  roller,  supported  horizontally  at  the  two  ends  by 

same  size,  by  a  due  proportion  for  the  resistance,  which  is  two  posts  and  a  pulley  :  the  two  posts  meet  at  top,  being 

in  a  higher  degree  than  that  of  the  surfaces.     The  table  placed  diagonally,  so  as  lo  prop  each  other ;  and  the  axis 

of  my  results  is  printed  under  the  article  AiieuouETER.  or  roller  goes  through  the  two  posts,  nnd  turns  in  them  ; 


ATable  of  the  different  Velocities  and  Forces  of  the  Wind, 
wording  to  their  common  appellations. 


1-47 
2-93 
4-40 
5-87 
7-33 
14-67 
2200 
2,9'34 
3G-67 
44-01 
51-34 
58-68 
66  01 
7335 
88-02 
1 17-36 

146-70 


-005 
•020 
■044 
■079 


1-S68 
3-075 
4-429 
6-027 
7-873 
9-963 
12-300 
17-715 
31-490 

49-200 


I  ippelUlioni  uf  ihiWioiti. 


Hardly  perceptible. 
-Just  perceptible. 
'  Gentle  pleasant  wind. 

Pleasant  brisk  gale. 

Very  brisk. 

High  Winds. 
r  Very  high. 


the  pulley  being  fastened  at  top,  when;  the  posts  join. 
Lastly,  there  are  two  stavcit  or  handspikes,  whicli  go 
through  the  roller,  to  turn  it  by;  and  the  rope,  which 
goes  over  the  pulley,  is  wound  on  and  off  the  same. 

Windlass,  in  a  Ship,  is  an  instrument  in  small  ships 
placed  upon  deck,  but  just  abaft  tbe  foremost.  It  consists 
of  a  sto'it  piece  of  timber,  in  form  of  an  axleirce,  placed 
horisontally  on  two  pieces  of  wood  at  the  ends,  on  which 
it  is  turned  about  by  means  of  handspikes,  put  into  holes 
made  for  that  purpose.  This  instrumentscrves  for  weigh- 
ing anchors,  or  hoisting  any  great  weight  in  or  out  of  the 
ship;  it  will  purchase  much  more  than  any  capstan,  and 
that  without  any  danger  to  those  who  heave;  for  if,  in 
heaving  the  windlass  about,  any  of  the  handspikes  should 
happen  to  break,  the  windlass  would  stop  of  itself, — See 
fig.  15,  pi.  40. 

WiHD-Gn^,  in  Pneumatics,  an  instrument  serving  t« 
determine  the  velocity  and  force  of  the  wind.  See  Ane- 
uoUETER,  Anemoscope,  and  the  article  just  above,  con- 
cerning the  force  and  velocity  of  the  wind. 

Dr.  Hales  had  various  contrivances  for  Ibis  purpose. 
He  found  (Statical  Essays,  vol.2,  pa. 326)  that  the  air 
rushed  out  uf  a  smith's  bellows,  at  the  rate  of  68|  feet  in 

second  of  time,  when  compressed  with  a  force  of  half  a 
'  '  ihewholeuppersv'- 


terapest. 
A  great  storm. 
A  hurricane. 
A   hurricane  that  tears  up     pound  on  every  square  inch  lying 

trees,  and  can ies  buildings    face  of  the  bellows.    The  velocity  of  the  air,  asit  passed 

&c  before  it. 


Digi-zecDyV^OUyie 


WIN  [    fli3    ]  WIN 

I  veniilatort,  was  found  to  be  at  the     6  Tect,  and  the  less  fo  are  determined  by  radii  drawn  from 
minute,*  wbicb  ia  at  tbe  rate  of  34     (be  centre  e,  to  i  and  h.  , 

These  sails  are  to  be  capable  of  being  always  turned  to 
tbe  wind,  to  receive  its  impulse:  for  which  purpo:>e  there 
are  two  different  contrivances, -which  constitute  the  two 
ditTereni  kinds  of  windmills  in  common  use. 

In  the  one,  the  whole  machine  is  supported  upon  a 
moveable  arbur,  or  axis,  fixt-d  upright  on  a  stand  or  foot ; 
and  turned  round  occasionally  to  suit  the  wiud,  by  means 


out  of  the  trunlt  of  hi 
rate  of  3000  feet  iii  a 

milts  an  hour.  The  same  author  observes,  that  tbi 
city  with  which  i'mpelled  air  passes  out  at  any  orifice,  may 
be  determined  by  hanging  a  Ijgbt  -valve  over  tbe  nose  of  a 
bellows,  by  pliant  leittbern  binges,  which  will  be  much 
agitated  and  lifted  up  from  aperpendicular  toa  more  than 
horizontal  position  by  the  force  of  the  rushing  air. 
There  is  also  another  more  accurate  way, he  says,  of  esti- 
mating the  velocity  of  air,  viz,  by  holding  tbe  orifice  of 
an  invl^rted  glass  siphon  full  of  water,  opposite  lb  (he 
scream  of  air,  by  which  the  water  will  be  depresserl  in  one 
leg,  and  raised  in  the  other,  in  proportion  to  the  force  with 
which  the  waieris  impelled  by  the  air.  Descrip,  pf  Ven- 
tilators, 1743,  pa.  12.  And  this  perhaps  gave  Dr.  Lind  having 
the  idea  of  his  wind-gage,  mentioned  below.      '  certain 

H.  Bouguer  contrived  a  simple  instrument,  by  whiah      the  gn 
may  be  immediately  discovered  tbe  force  which  the 
"  iurface.     This  is  a  hollow  liibi 


rallel  o 


s  fixed,  that 

;.f'g"b- 

n  weights  are 


apla, 


(fig.  1+,  pi.  +0),  in  which  a  spiral  spring  CD  i 
may  be  more  or  less  compressed  by  a  rod 
through  a  hole  within  the  tube  at  aa.     The 
served  to  what  degree  different  force 
capable  of  compressing  tbe  spiral,  mark  div 
rod  in  such  a  manner,  thiit  the  mark  at  s  ms 
weight  rctiuisite  to  force  the. spring  into  the 
afterwardsjoin  at  right  angles  to  this  rod  at  i 
face  EFE  of  any  given  area  at  pleasure ;  then  Jet  tdis  in- 
strument be  opposed  to  tbe  wind,  so  that  it  may  strike  the 
surface  perpendicularly,  or  parallel  to  the  ri^  ;  then  will 
the  mark  at  a  show  the  wtight  to  which  the  force  of  tbe 
wind  is  equivalent. 

Dr.  Lind  has  alsocontrived  a  simple  and  easy  apparatus 
of  this  kind,  nearly  on  the  last  idea  of  Dr.  Hales  mention- 
ed above.  This  instrument  is  fully  explained  under  the 
article  Anehouetek,  and  a  figure  of  it  given,  pi.  3, 
fig."*. 

Mr.  Benjamin  Martin,  from  a  faint  first  suggested  by 
Dr.  Burton,  contrived  an  anemoscope,  or  wind-gage,  of  a 
construction  like  a  wind-mill,  with  four  sails;  but  tbe  axis 
which  the  sails  turn,  is  wot  cylindrical,  but  conical,  like 
the  fusee  of  a  watch  ;  about  this  fusee  winds  A  cord,  hav- 
ing a  weight  at  the  end,  which  is  wound  always,  by  the 
force  of  the  wind,  on  the  s&ils,  till  the  weight  just  balances 
that  force,  which  will  be  at  a  thicker  part  of  the  fusee 
when  the  wind  is  strong,  and  at  a  smaller  part  of  it  when  it 
is  weaker.  But  though  this  instrument  shows  when  a 
wind  is  stronger  or  weaker,  it  will  neither  show  what  is 
the  actual  velocity  of  the  wind,  nor  yet  its  force  upon  a 
square  foot  of  direct  surface;  because  tbe  sails  are  set  at 
an  uncertain  oblique  angle  to  the  wind,  and  this  acts  at 
different  distances  from  the  axis  or  centre  of  motion. 
Martin's  Phil.  Brit.  vol.  2,  pa.  2  U.  See  tbe  fig.  5.  plate  3, 
vol.1. 

WiND-Gun,  the  same  as  Aix-Gtn;  which  see, 

WiND-JWiV/,  a  kind  of  mill  which  receive*  iu  motion 
from  the  impulse  of  the  wind. — The  internal  structure  ot 
the  windmill  is  much  the  seme  with  that  of  watermills  : 
the  difference  between  them  lyingchieflyinan  external  ap- 
paratus, for  the  applicaiionof  the  power.  This  apparatus 
consists  of  an  a\is  ef  (fig. II, pi. *I),  through  which  pass 
perpendicular  to  it,  and  to  each  other,  two  arms  or  yards, 
ABandcD,  usually  about  32  feet  long:  on  these  yards  are 
formed  a  kind  of  sails,  vanes,  or  flights,  m  a  trapezoid 
form,  with  parallel  ends;  tbe  greater  of  which  mis  about    described;  so  that  the  same  B.\is  moves  two  stones  at  once; 


only  the  cover  or  r^of  of  the  machine,  wilh' 
ils,  in  like  manner  turns  round  with  a  pa- 
intal  motion.     For  this  purpose,  the  cover 
It  turret-wise,  and  encompassed  with  a  wooden  Hng, 
g  a  groove,  at  the  bottom  of  which  are  placed,  at 
distances,  a  number  of  brass  truckles  ;  and  within 
)ove  is  another  ring,  on  which  the  whole  turret 
stands.    JFo  the  moveable  ring  are  connected  beams  ab 
and^;  and  to  the  beam  a6is  fasten'ed  a  rope  at  b,  having 
ils  other  end  fitted  tu  a  windlass,  or  axis-in-peritrochio  : 
this  rope  being  drawn  through  the  iron  book  o,  and  the 
windlass  turned,  the  sails  aie  moved  round,  and  bct  front- 
ing the  wind,  or  with  the  a.fis  pointing  straight  against  the 

The  internal  mechanism  of  a  windmill  isexhibited  in  fig. 
13;  where  Alio  is  the  upper  room,  and  Hoz  the  lower 
one;  AB  the  axle-tree  passing  through  the  mill;  STVw 
the  sails  covered  with  canvas,  set  obliquely  to  the  wind, 
and  turning  round  in  tbe  order  of  fhe  letters  ;  ci9  the  cog- 
wheel, having  about  48  cogs  or  teeth,  a,  a,  a,  &'c,  which 
carry  round  tbe  lantern  Er,  having  8  or  9  (rundlea  or 
rounds,  c,e,  e.  Sic,  together  with  its  upright  axis  OK  ;  iK 
is  the  upper  mill-stone,  and  LU  tbe  lower;  qk  is  . the 
bridge,  supporting  the  axis  or  spindle  ok  ;  this  bridge  is 
supported  by  the  beams  cd,  xT,  wedged  up  at  c,  d  and  x; 
ZT  is  the  lifting tti!e,  which  stands  upright;  ab  and  efam 
levers,  whosocentresof  motion  are  aandc;  fghi  is  a  cord, 
with  a  stone  i,  going'aboul  the  pins; and  h,  and  serving  as 
H  balance  or  counterpoise.  The  spindle  tv  is  fixed  to  the 
upper  millstone  ik,  by  a  piece  of  iron  called  tbe  rynd, 
and  fixed  in  the  lower  side  of  the  stone,  which  is  the  only 
one  that  t  urns  about,  .and  its  whole  weight  rests  on  a  bard 
stone,  fixed  in  the  bridge  qr  at  tr.  The  trundle  ef,  and  , 
its  axis  of,  may  be  taken  away;  for  it  rests  by  its  Iowa 
part  at  <  by  a  square  socket,  and  tbe  top  runs  in  the  edge 
'of  the  beam  vi.  By  bearing  down  liie  endfof  tbe  levei 
/e,  b  is  raised,  which  also  raises  zy,  and  this  raises  yx, 
which  lifts  up  The  bridge  qr,  with  the  axis  kg,  and  the 
upper  stone  ik  ;  end  thus  the  stones  are  set  at  any  di- 
stance. The  lower  or  immoveable  stone  is  fixed  upon 
strong  beams,  and  is  broader  than  the  upper  one:  the  meal 
is  conveyed  through  the  tunnel  no  into  a  chest;  p  is  the 
hopper,  into  which  is  put  the  corn,  which  runs  through 
the  spout  r  into  the  holef,  and  so  talis  between  the  stones, 
where  it  \i  ground  10  meal.  The  axis  at  is  square,  which 
shaking'  the  spout  r,  as  it  goes  round,  makes  the  corn  run 
out ;  rj  is  a  string  going  about  the  pin  «,  and  serving  to 
move  the  spout  nearer  to  the  a\isor  farther  from  it,  so  as 
to  make  the  corn  run  faster  or  ^ower,  according  to'lhe 
velocity  ami  force  of  the  wind.  And  when  the  wiAd  is 
strong,  the  sails  are  only  covered  in  part,  or  on  one  side, 
or  perhaps  only  one  half  of  two  opposite  sails.  Toward 
the  end  b  of  tbe  axletree  is  placed  another  cogwheel, 
rundle,  and  miHstones,  with  an  apparatus  like  that  just 


Digit.zecDyV^OUyie 


Wl  N 


[    614    ] 


WIM 


aiulwbra  only  onepairbtogrind,  ooeofUie  tromlles and  M  the  ends  of  the  tail  nearest  tbe  axi*  cannot  move 
its  spindle  >re  taken  oat :  xyi  is  a  ^rth  of  pliable  wood,  wiA  tbe  same  velocity  wkicb  tbe  tips  or  farthest  ends 
fixed  at  tbe  end  x ;  tbe  other  end  I  being  tied  to  tbe  lever  have,  though  tbe  winii  acts  eqaally  strong  on  them  both, 
im,  raoTeable  about  t ;  and  tbe  end  m  being  put  down)  Mr.  Ferguson  (Lect.  on  Mecb.  pa.  52)  suggests,  that  pcr- 
draws  tbe  girth  yyl  close  to  the  cogwheel,  which  gently  haps  a  belter  position  than  that  .of  stretching  tbem  along 
andgtaduallystops  themotioDof  ihemill,  wbenrequired;  the  arms  directly  from  tbe  centre  of  tnotion,  might  be, 
pg  is  a  ladder  for  asceuding  to  tbe  higher  part  of  tbe  mill ;  to  have  tbem  set  perpendicularly  across  tbe  hrther  ends 
and  the  com  is  drawn  up  by  means  of  a  rope,  rolled  about  of  tbe  arms,  and  there  adjusted  Icngtbwise  to  the  pro[»er 
the  axis  ab,  when  the  mill  is  at  work.  See  Mill.  angle  :  for  in  that  case  both  ends  of  the  sails  would  move 
Theory  <^  the  Wihdmill,  Potitiim  qf  the  Saitt,  ire.  witb  the  same  velocity  ;  and  being  farther  from  tbe  centre- 
Were  the  sails  set  square  on  tbeir  arms  or  yards,  and  of  motion  they  would  have  so  much  the  more  power,  and 
perpendicular  to  the  axletree,  or  to  the  wind,  no  motion  in  this  case  tbere  would  be  no  occasion  for  having  them 


would  ensue,  because  tbe  direct  wind  would  keep  tbem  i 
an  exact  balance.  But  by  setting  tbem  obliquely  to  tbe 
common  axis,  like  the  sails  of  a  smoke-jack,  or  inclined 
like  tbe  rudder  of  a  ship,  the  wind,  by  striking  tbe  surface 
of  them  obliquely,  turns  them  about.  Now  this  angle 
which  the  sails  are  to  make  with  their  common  axis,  or  the 

degree  of  weathering,  as  tbe  mili-wrights  call  it,  so  as  that  maxims:  as,  1.  That  when  the  wind  falls  o 
the  wind  may  have  the  greatest  effect,  is  a  matter  of  nice  surface,  it  is  an  advantage  to  tbe  power  of  the  whole, 
inquiry,  and  has  much  occupied  the  thoughts  of  the  m»-  though  every  part,  taken  separately,  should  not  be  div 
thematician  and  tbe  artist.  posed  to  the  best  advantage.     By  several  trials  be  has 

In  examining  the  compound  motions  of  the  rudder  of  a     found  that  the  curVed  form  and  position  of  ibe  sails  will 
ship,  we  find  that  tbe  more  it  approaches  to  tbe  direction     be  best  regulated  by  the  numbers  in  tbe  following  table  : 


I  large  as  they  are  generally  tAaie ;  which  would  n 
them  lighter,  and  consequently  'there  would  be  so  much 
the  less  friction  on  tbe  thick  neck  of  the  axle,  when  it 
turns  in  the  walL  ' 

,Mr.  Smeaton    (Philos.  Tnns.  1759)i  ^^ram  his  experi- 
'ith    wiodmill  sails,    deduces    several   practical 


of  the  keel,  or  to  tbe  course  of  the  water,  the  more  weakly 
this  strikes  it;  but,  on  the  other  hand,  tbe  greater  is  tbe 
power  of  the  lever  to  turn  tbe  vessel  about  Tbe  obli> 
quitj  of  tbe  rudder  therefore  has,  at  the  same  time,  both 
an  advantage  sod  a  disadvantage.  It  has  been  a  point  of 
inquiry  therefore  to  find  the  posittou  of  the  rudder  when 
the  ratio  of  tbe  advantage  over  the  disadvantage  is  the 
gfeateat  And  M.  Renau,  in  bis  theory  of  the  working  of 
ships,  has  found,  that  the  best  situation  of  tbe  rudder  is 
when  it  makes  an  an^  of  about  55  degrees  with  tbe  keel. 
The  obliquity  of  the  sails,  with  regard  to  tbeir  axis. 


6th  hn>  of  the       Angle  with 
thesi' 
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72°     - 

-     -     18° 

71      - 

-    -     19 

78      - 

■    -     13  middle. 

71      -    • 

.    -     16 

771    -    ■ 

-     -     121 

«3      - 

-     -       i  .nd. 

has  precisely  the  same  advantage,  and  disadvantage,  witb     a  parallelogram. 


S.  That  a  broader  sail  requires  a  greater  angle  ;  and 
that  when  tbe  sail  is  broader  at  the  extremity,  than  near 
the  centre,  this  shape  is  more  advantageous  tban  that  of 


tbe  obliquity  of  the  rudder  to  tbe  keel.  And  M.~Parent, 
seeking  by  tbe  new  analysis  tbe  most  advantageous  situa- 
tion of  th«  sails  on  tbe  axis,  finds  it  tbe  same  angle  of 
fthout  55  degrees.  This  obliquity  has  been  detemiined  by 
many  other  mathematicians,  and  found  to  be  more  accur 
lely  54°  44'.       See  Maclaurln's  Flnaions,  pa.  733 ; 


3.  Wh^n  tbe  sails,  made  like  sectors  of  circles,  joinii^ 
at  the  centre  or  axis,  «nd  filled  up  about  7-8U>s  of  the 
whole  circular  space,  tbe  effect  was  tbe  greatest. 

4.  The  velocity  of  windmill  sails,  whether  unloaded, 
loaded  BO  as  to  produce  a  maximum  of  efect,  is  nearly 
tbo  velocity  of  the  wind ;  their  shape  and  position  be- 


Kimpson's  Fluxions,  prob.  17,,pa.  531 ;  Martin's  Philos.  ing  tbe  same. 

Britap.  vol.  I,  pa.  320,  vol.  3,'pa.«13;  &c.  5.  Tbe  load  at  tbe  maximum  is  nearly,  but  somewhat 

This  inclination  of  the  sails  to  their  axis,  however,  is  less  than,  as  tbe  square  of  tbe  velocity  «  the  wind. 

only  that  which  gives  the  wind  tbe  greatest  force  to  put  '     €.  -The  eflecti  of  the  same  sails  at  a  maximum,  are 

the  sail  in  motion,  but  not  the  angle  which  gives  the  force  nearly,  but  somewhat  less  than,  as  the  cubes  of  the  ve- 

of  the  wind  a  maximum  on  tbe  sail  when  in  motion :  for  locity  of  the  wind. 

when  tbe  sail  has  a  certain  degree  of  velocity,  it  yields  to  7.  In  sails  of  a  similar  figure  and  po«tion,  the  num- 

the  wind  ;  and  then  that  angle  must  be  increased,  to  give  her  of  turns  in  a  given  time,  are  reciprocally  as  the  r^ 

the  wind  its  full   efiect.      Maclaurin,  in  his    Ruxions,  dius  or  length  of  the  sail. 

pa.  734,  has  shown  also  how  to  determine  this  angle.  8.  The  effecU  of  sails  of  similar  figure  and  position, 

't  may   be  observed,  that  the  increase  of  this  angle  are  as  tbe  square  of  their  length. 


should  be  difierent  according  to  tbe  different  velocities 
from  the  axletree  to  the  further  extremityof  tbesail.  At 
tbe  beginning,  or  axis,  it  should  be  Si"  44' ;  and  thence 
continually  increasing  ^*ing  the  vane  a  twist,  and  so 
causing  all  the  ribs  of  tbe  vane  to  lie  in  different  planes. 

It  is  farther  observed,  that  tbe  ribs  of  the  vane  or  sail 
ought  to  decrease  in  length  from  the  axis  to  the  extremity, 
(■iving  the  vane  a  curvilinear  form ;  so  that  no  part  of  tbe 

force  of  any  one  rib  be  spent  on  tbe  rest,  but  all  move     lows  necessarily  from  tbe  rule  that  directs  the  sail  to  be 
independent  of  each  other.    The  twist  above  mentioned,     inclined  to  the  axis  in  tbe  angle  of  55  dqrees. 
and  the  diminution  of  the  ribs,  are  exemplified  in  the  .     On  this  foundation  be  assumes  four  such  sailsf  each 
wings  of  birds.  being  a  quarter  of  an  ellipse;  which  he  shows  will  rc- 


9.  The  velocity  oF  the  extremities  of  Dutch  mills,  as 
well  as  of  the  enlarged  sails,  in  all  tbeir  usual  positions, 
is  considerably  greater  than  the  veloci^  sf  thf  wind. 

M.  Parent,  in  considerit^  what  figure  the  sails  of  a 
windmill  should  have,    to  receive  tbe  greatest  impulse 
froBD  the  wind,  finds  it  to  be  a  sector  of  an  ellipsis,  whose 
centre  is  that  of  tbe  axletree  of  the  mil) ;    and  the  less  . 
tbe  height  of  32  feet ;  as  for  the  greater,  it  fol- 
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ceive  all  the  wind,  Rnd  lote  none,  u  the  common  onn  iug  bad  to  the  nie  of  the  rooms,  and  of  the  baildin;. 

do.      These  4  >urface»i    multiplied  by  tba  l«ver    with  The  aperturet   of  windows  in  tniddle-sised  hoiuet,  ma; 

which  tbe  wind  act«  on  one  of  thera,  expreu  the  whole  be  from  4  to  j  feet  j  in  the  smaller  onet  less ;  and  in  lai^ 

power  tbe  wind  has  to  move  the  machine,  or  the  wbole  buildings  more.     And  the  height  may  be  double  their 

'  power  of  the  machine  when  in  motion.  width  al  tbe  least :  but  in  lofly  roonia,  ur  large  buiMings, 

Tbe  same    author    alio    observes    (hat  m  wind  mill  the  height  may  be  a  .4th,  or  3d,  or  half  their  breadth 

with    6    elliptical    sails,   would   Btill  baye  more  power  more  than  the  double. 

than  one  with  only  four.     It  woulfl  only  have  the  same  Such  arc  the  proportions  fur  windows  of  the  first  story ; 

surface  with  the  foir;    since  the  4  contain  tbe  whole  and  the  breadth  must  be  tbe  same  in  the  upper  storiesj 

space  of  the  ellipsis,  as  well  as  the  6.     But  tfa«  force  of  but  as  to  the  bei^t,  tbe  second  story  may  be  a  3d  part 

the  6  would  be  greater  than  that  of  the  4,  in  the  ratio  of  lower  than  the  first,  and  the  third  story  a  4tfa  part  lower 

245  to  S31.     It'  it  were  desired  to  have  only  two  sails,  than  the  second. 

.  «ach  being  a  semi-«llipsis,  tbe  surface  would  still  be  the  WIN  DWAAD,   in  Sea  Language,  denotes  any  thing 

same;  but  the  power  would  be  diminished  by  nearly  l-3d  towards  that  point  whence  the  wind  blows,  in  respect 

of  that  with  6  sails;  because  the  greatness  of  tbe  sectors  of  a  ship, 

would  much  shorten  the  lever  on  which  tbe  wind  acts.  Sailing  to  Win  dwahd.     See  Sailiko. 

Mr.  Parent  has  also  considered  which  form,  among  the  Wimoward  Tide,  a  tide  that  runs  against  the  wind, 

rectangular  sails,  will  be  most  advantageous;  i.e.  that  WlNG  (Vincekt),  a  considerable  matbenialidan  and 

which  ahalt  have  the  product  of  the  surfscc  by  the'  lever  astrologer  of  the  17tb  century,  who  died  aluiut  1668. 

of  the  wind,  the  greatest.     The  result  of  this  inquiry  is,  He  was  author  of  several  popular  astronomical  and  other 

that  Ihe  width  of  the  rectangular  sail  should  be  nearly  works :  as,  1.  Astronomia  Instaurata,  fol.  1056. — S.  C^ 

double  its  length  ;   whereas  usually  the  length  is  made  lestial    Harmony    of   the    Visible   World,   fol,  1657-- 


almost  5  times  the  width. 

The  power  of  the  mill,  with  jfour  of  these  n 
gnlar  sails,  the  same  author  shows,  will  be  U 


3.  Astronomia  Britannica,  fol.  1669,  a  work  of  iVent.— 

4.  Ephemerides  for   13  years,  from    l659   to   IS7I.— 

5.  Compulatio  Catholica,  &c.     Mr.  Wing  was  much  c 


of  four  elliptic  sails,  nearly  as  13  to  23:  which  leaves  a     nected  with  the  Stationers'  Company,  in  the  public 
isiderable  advantage  on  the  side  of  the  elliptic  ones )     of  their  almanacs,  one  of  which,  in  s  broad  sheet,  i> 


and  yet  the  force  of  the  new  rectangular  sails  will  still  be 
considerably  greater  than  that  of  the  common  ones. 

M.  Parent  also  considers  what  number  of  the  new  sails 
will  be  most  advantageous ;  and  finds  that  the  fewer  tbe 
•ails,  the  more  surface  there  will  be,  but  the  power  the 
leu.  Farther,  the  power  of  a  wiudmill  with  6  sails  is 
denoted  by  14,  that  oT  another  with  4  will  be  as  13,  and 
another  with  2  sails  will  be  deneted   by  9<     That  as  to     after  taking  a  degree  it 


n  windmill,  its  power  still  dimiiibhes  t 
breadth  of  the  sails  is  smaller,  in  proportion  to  the  length : 
and  therefore  the  usual  proportion  of  5  ti    '  '    ' 
ingly  disadvantageous. 

WINDOW,  q.  d.  wind-door,  an  aperture 
tbe  wall  of  a  house,  to  admit  the  air  and  ligti 

Before  tbe  use  of  glass  became  general, 
not  till'  towards  the  end  of  tbe  12th  century,  the  windows 
in  England  seem    generally  to  have  been  composed  of 
paper,  oiled,  both  to  defend  it  against  the  weatheri 


still  continued  in  his  name ;  and  another,  a  boolc  almanac, 
was  only  disconlinaed  a  very  few  years  ago. 

WiNGATE  (Edsiumd),  one  of  the  clearest  writers  oa 

arithmetic  &c  in  the  English  language,  was  tbe  son  of 

Roger  Wingate,  esq.  of  Bomend  and  Sharpenkoe,  in  Bed- 

fordshire,  but  was  born  in  Yorkshire  in  1593:     In   I6IO 

t>ecame  a  coramoncr  of  Queen's  college,  Oxford  ;  but 

,  he  removed  to  Gray's  Ini 


1  is  exceed- 

r  opening  it 
t. 


London,  where  he  studied  the  law.  But  his  chief  inclina- 
tion wax  to  the  mathematics,  which  he  had  studied  with 
luch  succes]  at  college.  .  In  16X4  be  was  in  France, 
where  be  published  the  Scale  or  Rule  of  Proportion, 
which  had  been  invented  by  Edmund  Gunter,of  Gresham 
college.  While  in  that  country,  he  gave  instructions  in  th« 
English  language  to  the  princess  Henrietta  Maria,  afWr- 
irds  wife  of  Charles  the  first,  and  to  her  ladies.  After 
I  return  to  England,  he  became  a  bencher  of  Gray's 
n ;  and  on  the  breaking  ont  of  the  great  rebellion,  he. 
0  make  it  more  transparent;  as  now  is  sometimes  used  joined  the  popular  party,  took  the  covenant,  was  made 
in  workshops  and  unlinished  buildings.  Some  of  the  bet-  justice  of -the  peace  for  the  county  of  Bedford,  where  ha 
ter  sort  were  furnished  with  latticed  of  wood  or  sheets  of  resided  at  Woodcnd,  in  the  parish  of  Harlington,  and  his 
linen.  Thene  it  seems  were  fixed  in  frames,  called  cap-  name  occurs. in  the  roister  of  Ampthill  church,  as  a 
■amenta,  and  hence  our  casements  still  so  common  in  justice,  in  1654,  when,  according  to  the  republican  cus- 
aome  of  the  counties.  torn  of  that  period,  marriages  were  celebrated  by  the 

The  chief  rules  with  regard  to  windows  are,  1.  That  civil  magistrates.  In  1650  he  took  the  oath,  commonly 
they  be  as  few  in  number,  and  as  moderate  in  dimensions,  called  tlie  'Enga|emrnt,  became  intimate  with  Cromwell, 
as  may  be  coiuistent  with  other  respects ;  inasmuch  as  all  and  was  chosen  into  his  parliament  for  Bedtbrd.  He  was 
ojienings  are  weakenings  of  the  structure.  also  appointed  one  uf  the  commissioners,  for  that  county, 

2.  That  they  be  placed  at  a  convenient  distance  from  to  eject  from  (heir  situations,  those  loyal  clergymen  and 
the  angles  or  corners  of  the  buildings  :  both  for  strength  schoolmasters  who  were  accused  as  being  scatidatons  and 
and  beauty.  ignorant.     He  died  in  Gray's  Inn,  in  I656,  and  was  buried 

3.  That  they  bC  made  all  equal  one  with  another,  in     in  the  parish  church  of  St.  Andrew,  Holborn. 
tbeir  rank  and  order;  so  that  those  on  the  right  hand   ' 


right  over  those  bt\o\ 
bwiuty. 

As  to  their  dimensions,  1 


and  those  abot 

of  strength  and 


I  is  to  be  taken,  to  girt 


The  works  of  Mr,  Wingate, 

1,  The  Use  11/  the  Proportional  Rules  in  Arithmetic 
and  Geometry.  Also  theUse  of  theLogarithmsof  Num. 
hers,  with  those  of  Sines  and  Tangents.  Printed  in  French, 
at  Pans,  in  l624,  8vo,  and  at  London,  in  English,  in  1626, 


them  neither  more  uor  loss  then  is  needful ;  regard  be-     l645,  and  1658. — In  this  book,  Mr.  W.  speaks  of  having 


y  Google 


WIT  [    6I«    ]    .  W  O  L 

been  ihe  first  who  carried  the  Logarithms  to  France ;  but  which  must  have  been  written  before  he  was  13  years  of 
au  edition  of  Napier's  Description  and  Construction  of  uge.  Soon  after  this  he  became  a  preitjr  conslaat  writer 
Logarithms  was  printed  at  Lyons  in  the  year  iG'iO,  being  inboth  iheDiaricsand  ibcGentlemansMagazine.apractke 
4  years  earlier  than  Winpte's  publication.  which  he  continued  a  long  time,  sometimes  under  bis  own 

2.  Of  Natural  and  Artificial  Arithmetic,  or  Aritlimetic  name,  but  more  frequently  with  the  initials  G.  W.  only, 
made  easy;  London.  l630,  8vo,  It  has  also  gone  through  In  176*  Mr.  W.  published  a  map,  eshibiting  the  passage 
numerous  other  editions,  the  bcstx)f  which  is  thai  by  Mr.  of  the  moon's  shadow  over  England  in  the  gn-ai  solar 
Dodson.  eclipse  of  April  I  that  year ;  the  exact  correspondence  of 

3.  tables  of  Lc^ritlims  of  the  Sinos  and  Tangent!  of    which  to  thi;  observations  gained   bim  great  repuiatio 
,  all  Ihe  Degrees  and  Minutes  of  the  Quadra 

the  use  and  application  of  the  tame. 

4.  The  Construction  and  Uti;  of  Logaiiihms 
Res(dution  of  Triangles,  &c. 

5.  Ludus  Maihcmaiicus ;  or  an  Explanati 
J)esciiptioD,  Construction,  and  Use  of  the  Num 
hie  of  Proportion.     London,  l654,  Svo. 

6.  Tactomctria,  seu  Tetagne-nometria,  or  the  Geome- 
try of  Regulars,  &c.     8vo. 

7.  The  Exact  Surveyor  of  Land,  &c,  Svo. 

8.  An  exact  Abridgement  of  all  i>tatutes  in  force  and 
use  from  the  Magna  Charta,  to  1641,  Svo. 

9.  The  Body  of  the  Common  Law  ofJEngtaud,  &c ;  Svo, 
I6f  5,  &c. 

10.  Maxims  of  Reason,  or  the  Reason  of  the  Common 
Uw  of  England  ;  l6S8,  folio. 

IL  Staluta  Pacis ;  or,  the  Table  of  alt  the  Statutes 
wbicb  any  way  concern  the  office  of  a  Justice  of  Peace, 
Sic.  ISlDD. 

IS.  Ad  edition  of  Britton,  a  lawyer  who  wrote  i 
rMgn  of  Edward  the  Istj  a  very  useful  law  book,  l640, 
ISmo. 

Mr.W.  it  is  supposed,  was  also  the  editor  of  some 
other  law  books,  which  show  equal  judgment  and  indus- 
try; btft  he  if  now  to  be  remembered  only  u  a  msthe* 
maticiau. 

-     WINTER,  one  of  the  four  seasons  or  quarters  of  Iho^  ^  „ 

year.— Winter  properly  commences  on  [he  day  when  the     having  inserted  in  this  work  many  important  pieces  i 
sun's  distance  from  the  zenith  of  the  place  is  the  greatest,     lating  to  mathematics  and  physics,  he  undertook,  in  t  r  ~ 
or  when  his  declination  is  the  greatest  on  the  contrary     to  teach  all  the  various  branches  of  philosophy,  begin 
■ids  of  the  equator ;  and  it  ends  on  the  day  when  that     with  a  small  logical  treatise  in  l^tin,  being  Thoughts  o 


With     In  the  folloving  year  he  presented  to  tbe  commissi  oners 
I,  1 033,  Svo.     of  longitude  a  plan  foi;  calculnling  the  cfii'cts  of  refraction 
ns,  with  (he    and  pamllax,  on  the  mOon's  distance  from  the  sun  or  a 
star,  to  fucilit&ie  the  discovery  of  the  lungitude  at  sea, 
ition  of  Ihe     Having  been  elected  f.  n.  s.  and  taught  mathematics  in 
London  for  many  years  with    much   reputation,  lie  was, 
in  1767,  appointed  head  master  of  the  Koyal  Naval  Aca- 
demy  at  Portsmouth,  on  the  recession  of  Mr-Robertson  ; 
where  he  died  by  a  paralytic  stroke  in  l/So,  at  5?  years 
of  age,  and  was  succeeded  in  that  office  by  Mr,  Bailey. 

WOLFF,  WoLFius,  (CiiRisTiAK,)  baron  of  the  l!o- 
man  empire,  privy  counsellor  to  the  king  of  Prus^a,  and 
chancellor  to  the  university  of  Halle  in  Sa.\ony,  as  well  as 
member  of  many  of  the  literary  ncademies  in  Europe,  wa* 
born  at  Rreslau  in  l679-  After  studying  philosophy  and 
mathematics  at  Breslau  and  Jemi,  he  obtained  permission 
s  at  LcipsiQ ;  which,  m  1703,  he  opened 
:ion,  Philosopbia  Practica  Universalis,  Me- 
thodo  MaihematicB  conscripta,  which  served  greatly  to 
enhance  the  reputation  of  his  talents.  He  published  two 
Dther  dissertations  the  same  year;  the  first  De  Rotis  Di'n- 
talis,  the  other  De  Algorlthmo  Jnfinitesiraali  DiSerentiali ; 
which  obiniiKd  him  the  honourable  appell.-itioo  of  Assist- 
ant to  the  Faculty  of  Philosophy  at  Leipsic. 

He  now  accepted  the  professurshiji  of  mathematics  at 

[lalle,  and  was  elected  into  the  society  at  Leipsic,  at  that 

e  engaged  io  publishing  the  Acta  Eruditorum.     After 


distance  is  a  mean  between  the  greatest  and  least, 
he  next  crosses  the  equinoctial. 

At  and  near  the  equator,  the  winter,  aa  well  as  the 
otherseasons,  return  twice  every  year;  but  alloiher  places 
have  only  one  wipter  in  the  year;  which  in  the  northern 
hemisphere  begins  when  the  suQ  is  in  the  tropic  of  Ca- 
pricorn, and  in  the  southern  hemisphere  when  he  is  in 
the  tropic  of  Cancer :  so  that  all  places  in  the  same  hemi- 
sphere have  their  winter  at  the  ^ame  time. 

Notwithstanding  the  coldness  of  this  season,  it  is  proved 
in  astronomy,  that  the  sun  is  really  nearer  to  the  earth 

in  our  winter  than  in  summer :  the  reason  of  the  defect     fuculty  of  theology,  who  entered  into  a  si 
of  heat  being  owing  to  the  lownrss  of  the  sun  ;  or  to  the     of  his  productions,  resolving  thkt  the  di 


the  Powers  of  the  Human  Understnnding.  He  carried 
himself  through  thesegreatpurauits  with  amazing  assiduity 
end  ardour:  the  king  of  Prussia  rewarded  him  with  the 
office  of  counsellor  to  the  court  in  1 72 1,  and  augmented 
the  profits  of  that  post  by  very  considerable  appointments : 
he  was  also  chosen  a  member  of  the  Royal  Society  of 
London  and  of  Prussia. 

In  the  midst  of  all  this  prosperity  however,  Wolff' raised 

an  ecclesiastical  storm  against  himself,  hya  Latin  oration 

he  delivered  in  praise  of  the. Chinese  philosophy:  every 

pulpit  iramediali'ly  resounded  against  his  tenets  ;  and  tho 

examination 

ne  he  taught 

s  obtained 


obliquity  of  bis  rays.  ^  was  dangerous  Ip  the  last  degre 

WlTCHb^LL  (Gkokoe),  p.r.s.  a  good   astronomer  in  1723  fordisplacing  him,  and  comm.inding  him  to  leave 

and  mathematician,  was  born  in  173tf.     He  was  mater-  Halle  in  24  hours. 

nally  descended  from  the  celebrated   clock  and   watch         Wolff  now  retired  to  Casscl,  where  he  obtained  the  pn^ 

maker  Daniel  Quare,  in  which  business  he  was  himself  fcssorship  of  mathematics  and  philosophy  in  the  university 

brought  up,  and  was  educated  in  the  principles  of  the  of  Marbourg,  with  the  title  of  Counsellor  to  the  Lanit- 

Quakers,  all  his  progenitors  for  many  generations  having  grave  of  Hesse ;  to  which  a  profitable  pension  was  an- 

been  of  that  commoniiy,  and  whose  simplicity  of  man-  ne\ecl.     Here   he   rrnewed  his   labours  with   redoubled 

ners  and  integrity  of  character  he  praciistd  through  life,  ardour ;  and  it  was  in  this  retreat  tliai  he  pub!i»bcd  the 

It  appears  that  Mr.  W.  cultivated  the  study  of  astronomy  greatest  part  of  his  numerous  works, 
at  a  very  early  age  indeed,  as  he  had  a  communication  on         In  1725,  be  was  decUred  an  honorary  professor  of  the 

that  subject  published  in  theOentleroan's  Diary  forl741,  academy  of  sciences  at  Petersburg,  and  in  1733  was  ad- 
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'  niitted  into  that  of  Paris.  The  king  of  Sweden  alao  de-  niatheniaticiaas;  and  returned  another  to  the  mathema- 
dared  him  one  of  the  council  of  regency ;  but  the  pleasiog  ticiaii»  in  France,  formerly  proposed  by  Kepler,  and  then 
situation  of  his  new  abode,  and  the  multitude  of  iionours  reiolved  likewise  by  himself,  to  which  they  uever  gave  any 
which  he  had  received,  were  too  aMuring  to  permit  him  to  solution. — In  l660,  he  invented  a  melbud  for  the  con- 
accept  of  many  advantageous  offers;  among  which  it  has  struction  of  solar  eclipses;  and  in  the  lailer  part  of  the 
been  said,  was  the  office  of  president  of  the  academy  at  same  year,  he  with  ten  olber  gentlemen  formed  tbeinselves 
Petersburg.  into  a  society,  to  meet  weekly,  for  the  improvement  of 

The  king  of  Prussia  toOi  who  was  now  recovered  from  natural  and  experimenial  philosophy  ;  being  the  founda- 

the  prejudices  he  had  been  made  to  conceive  against  tion  of  the  Royal  Society. — In  the  beginning  of  1661,  he 

Wolff,  wanted  to  re-establish  him  in  the  university  of  Halle  mas  chosen  Savilian  professor  of  astronomy  at  Oxford,  in 

in  1733,  and  made  another  attempt  to  effect  it  in  1739. ;  the  room  of  Dr.  Se[h  Ward  ;  and  where  he  was  the  same 

which  Wolif  for  a  time  thought  proper  to  decline,  but  at  yeai-  created  Doctcu:  of  Laws. 

last  submitted  :  he  returned  therefore  in  17^K  invested  Among  his  other  accomplishments.  Dr.  Wren  had  gain- 

with  the  characters  of  privy  counsellor,  vice-chancellor,  ed  so  consideTable  a  skill  in  architecture,  that  he  was  sent 

and  professor  of  ihe  law  of  nature  and  of  nations.     The  for  the  same  year,  from  Oxford,  by  order  of  king  Chailes 

king  afterwards, . on  a  vacancy,  raised  him  to  the  dignity  the  2d,  to  assist  sir  John  Denhim,  surveyor  general  of 

of  chancellor  of  the  university  ;  and  the  elector  of  Bavaria  the  works, — In  l663,  he  was  chosen  fellow  of  the  Uoynl 

created  him  also  a  baron  of  the  empire.    He  died  at  Halle  Society  ;  being  one  of  those  who  were  fiist  appointed   by 

in  Saxony,  of  the  gout  in  his  stomach,  in  17^4',  in  the  the  Council  after  the  grant  of  their  charter.     Not  long 

76th  year  of  his  age,  after  a  life  filled  up  with  a  train  of  after,  it  being  expected  that  the  king  would  make  the  so- 

actions  as  wise  and  systematical  as  his  writings,  of  which  ciety  a  visit,  tile  lord  Brounker,  then  president,  by  a 

lie  composed  jn  Latin  and  German  more  than  60  distinct  letter  requested  the  advice  of  Dr.  Wren,  concerning  the 

pieces.     The  chief  of  his  mathematical  compositions,  is  experiments  which  might  he  most  proper  op  that  occasion ; 

his  Clementa    Matheseos  Universe,    the  best  edition  of  to  whom  the  doctor  recommended  principally  the  Torri- 

which  is  that  of  1733  at  Geneva,  in  5  vols  4to;  which  cellian  experiment,  and  the  weather  needle,  as  being  not 

does  not  howevter  conipri>e  hit  Mathematical  Dictionary  mere  amusements,  but  useful,  and  also  neat  in  their  opera- 

in  the  German  language,  in  L  vol.  ivo,  nor  many  other  tion.     Indeed  ou  many  occasions  Dr.  Wren  did  great  ho- 

distinct  works  on  different  branches  of  the  mathematics,  Dour  to  that  illustrious  body,  by  many  curious  and  use- 

nor  his  System  of  Philosophy,  in  23  vols,  in  ito.  ful  discoveries,  in  astronomy,  natural  philosophy,  and 

WORKING  to  Windward,  in  Sea  Language,  is  the  other  sciences,  related  in  the  History  of  the  Royal  Society, 

opcntion  by  which  a  ship  endeavours  to  make  progress  where  Dr.  Sprat  has  inserted  ibera  from  the  registers  and 

gainst  the  wind.  other  books  of  the  society  to  l66s,  also  in  Birch's  history. 

WREN  (Sir  CHKiSTOFHEa),  a  great  philosopher  and  Among  others  of  his  productions  there  enumerated,  is  a 
mathematician,  and  one  of  the  most  learned  and  eminent  lunar  globe ;  representing  the  spots  and  various  degrees 
architects  of  Usage,  was  the  son  of  the  Rev.  Christopher  of  whitpncss  on  the  moOn's  surface,  with  the  hills,  emi- 
Wren,  dean  of  Windsor,  and  was  born  at  Knoyle  in  Wilt-  nences  and  cavities :  the  whole  coi)trived  so,  that  by  turif 
shire  in  l63'2.  He  studied  at  Wadham  college,  Oxford ;  ing  it  round  to  the  light,  it  shows  all  the  lunar  phases, 
where  be  took  the  degree  of  master  of  arts  in  16'53,  and  with  the  various  appearances  that  happen  from  the  sha- 
wB(  chosen  fellow  of  Allsouls  college  there.  Soon  after,  dows  of  the  mountains  and  valleys,  &c  :  this  lunar  model 
he  became  one  of  tbat  ingenious  and  learned  society,  who  wait  placed  in  the  king's  cabinet.  Anothfr  of  these  pro- 
then  met  at  Oxford  for  the  improvumejit  of  natural  and  duciions,  is  a  tract  on  the  Doctrine  of  Motion  that  arises 
experimental  pbilosophy,  and  which  at  length  produced  from  the  impact  between 'two  bodies,  illustrated  by  expe- 
the  Royal  Society.                                                               .  riments:  also  in  the  Philos.  Trans,  vol.  3,  pa.  867.     Ai|d 

When  veiy  young,  he  discovered  a  surprising  genius  for  a  third  is.  Hie  History  of  the  Seasons,  as  to  the  tcmpera- 
the  mathematics,  in  which  science  he  made  great  advances  ture,  weather,  productions,  diseases,  &c,  Slc.  For  which 
before  he  was  16"  years  of  age. — In  l6d7  he  was  made  pro-  purpose  he  devised  also  many  curious  machines,  itcvt-ral 
fessor  of  astronomy  in  Gresham  college,  London;  and  his  of  which  kept  iheir  own  registers,  tracing  out  the  lines  of 
lectures,  which  were  much  frequented,  tended  greatly  to  variations,  so  that  a  person  might  know  what  changes  the 
the  promutiun  of  real  knowledge  :-in  his  inaugural  oraiiun,  weather  had  undergone  in  his  absence :  as  windgages,  ther- 
amongother  things,  he  proposed  several  methods  by  which  mometers,  barometers,  hygrometers^  raingages,  &c. — He 
10  account  for  the  shaduws returning  backward  10  degrees  made  also  great  additions  to  the  new  discoveries  on  pen- 
on  the  dial  of  king  Ahaz,  by  the  laws  of  nature.  One  dulums ;  and  among  other  things  showed,  that  there  majr 
subject  of  his  lectures  was  upon  telescopes,  lo  the  (m-  be  produced  a  natural  siandan)  for  meaiure  from  the  pen- 
pruvement  ni  which  he  had  greatly  contributed  1  another  dulum  for  common  use, — He  invented  many  ways  10  make 
ivas  on  certain  properties  of  the  air,  and'  the  barometer,  astronomical  observations  more  easy  and  accuute :  he 
In  the  year  l658  he  read  a  description  of  the  body  and  fitted  and  bung  quadrants,  sextants,  and  radii  more  com- 
different  phases  of  the  planet  Saturn  ;  which  subject  he  modiously  than  formerly  ;  and  also  constructed  two  tele- 
proposed  lo  investigate  while  his  colleague,  Mr.  Rooke,  scopes  to  open  with  a  joint  like  a  sector,  by  which  ob- 
then  professor  of  geometry,  was  prosecuting  his  ubserva-  servers  may  infallibly  lake  a  distance  to  half  minutes,  Sec, 
tiuns  on  the  satellites  of  Jupiter.  The  same  year  he  com-  'He  also  made  various  kinds  of  retes,  screws,  and  other 
municated  some  demonstrations  concerning  cycloids  to ,  devices,  for  improving  telescopes  to  lake  small  distances. 
Dr.  Wallis,  which  were  afterwards  published  by  the  doctor  and  apparent  diameters,  10  seconds  :  be  made, aperture! 
at  the  end  of  bis  treatise  on  that  subject.  About  that  time  to  admit  mure  or  less  light,  us  the  observer  pltases,  by 
also,  he  resolved  the  problem  proposed  by  Pascal,  under  opening  and  shutting,  the  better  to  fit  glasses  for  crepus- 
the  feigned  name  of  John  de  Montford,  to  all  the  English  culine  obsetvatiojis. — He  added  muclt-  to  the  theory  of 

V0L..II.  4  f^.' 
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(Uo^trtH)  imA  Wuth  hlu  to  tti»  ftiMUfatHM  Uf  gMft«ifle  Wren  frrvntnl,  w  »tigg««tcd,  w  iht  ]td<rtt  Ssciety,  or 

fgOoA  gtMM :  life  atftMpied,  fttid  oBt  tvitfrrrat  ^uCtettj  Ab  W«re  improwd  ky  him. 

Itkhkih|  «f  gtNM*  of  Mb«r  fa¥n«  ibah  s^h«ttpri.  Hfc  eio  Wtth  respect  to  Ms  «rchf tectum)  waiks :  it  fans  Mbn 
Bclly  mtalUM  IHtl  DeHiyMted  the  splt«t«»  of  ihc  htmuun  b»n  otnerved  Thtt  he  had  been  leflt  for  to  *njk[  sir  Joitn 
W  tnQ  4;fc)  Ue  prOpOrtMDk  of  wfaitfe  to  OM  atiolhef  ^et«  Denhalii.  In  IS6S  he  rm^elled  into  Fmtwe,  to  Fxamiue 
Va\y  gnrtMd  at  bofdtv  -.  a  dlscu«non  sUttiln^  the  rettbont  the  mmi  beantiCul  edifices  (ind  caitotn  mechanical  worki 
Wh^  in  kee  dbject*  fer«ct,  and  tliat  nflctrtiaH  CbtHJutn  as  there,  when  he  made  many  useful  obtervatioM.  On  hi« 
ittUfcIt  tb  tteiOD  S»  AfMKlinH'  ,  ^e  tlhpUyed  ft  nalural  and  retnrn  humb,  he  wfts  appointed  afcAitect,  iifld  one  of  the 
Ms;  theory  bf  retVactiotts,  *hich  cxattty  «hswet«d  eVery  commiuitfnen  for  Kpairtlig  St.  Paul's  Alhedral.  WithiB 
CkpbrliD^it.  He  Attly  dMittntrated  thb  whote  doctrine  «  few  days  after  the  fire  of  Lottdoo,  l46(i,  hedrew  a  itobte 
bf  (MtiptHttt  In  a  ftw  ))i<opM5iiJbm,  showing  Aet  otijy,  A  t^Hn  for  a  ne*  cit^i  ahd  -pKwwted  it  to  the  king ;  but  ft 
in  Kepler's  Dioptrics,  the  comtnoA  praptriies  of  glasses,  ^as  not  approved  t^  by  the  partianwnt.  In  ibis  moM, 
Mt  the  f  roportiom  fty  Wkitb  tt«  iMiVidtlel  Itoys  cut  the  Me  cbief  attvett  wtM  «i  cross  each  other  at  tight  angles, 
kkis,  and  biclk  otfiet,  un  iirtHcfa  the  ehai^  Uf  tte  tetd--  «ith  letter  streets  between  tfae«n ;  the  cttatches,  pnblic 
tcopes-,  or  i4ie  pr^pot'tion  of  tfae  «ye-glas^es  and  a^tures,  buildings,  Ac,  aa  dfeposed  as  not  to  t^terfere  with  ih*: 
fcre  cte*rly  diWoVeted. — He  made  constant  otneiMtiom  »l»ett,  and  four  piaSMs  placed  at  proper  diAatics. — Oti 
ton  Httnrh,  aifd  a  tr«'ft  theory  of  that  plabet,  heA»«  the  tbe  'dMlh  Af«ir  JotiM  Denbeni  in  ^'SdB,  out-  auittor  mo 
tainted  dhcourM  by  fitygens  on  that  sxitfject  appra^d.  C«edtd  him  in  the  effin  of  sArt«ynv>^'flen4  of  the  king's 
^— He  abo  mkde  map)  ^  the  Pfciades  and  other  tcintopk:  woikl ;  and  from  rhis  tttat  he  hai  ttip  diret^n  of  a  great 
itarti  and  proposed  methods  to  detertuine  Ae  great  quts-  »ahy  pabfk:  edifices,  fcy*h*cli  he  avrcfuired  the  most  dis- 
tioD  as  to  the  earth's  lAotion  or  («st,  by  the  stnkll  stai^  tingnistred  notation.  Ife  bnih  ttie  ittffnSc^fit  tbeam 
kboet  the  pcrife  to  be  seen  in  lilige  telescopes. — In  tiavigk-  U  Oxford,  'St.  Paul's  CMberhvl,  tke  Motittttient,  Itre  mo- 
tftttt  aI»o  our.  author  made  many  improtenvenb.  He  deifi  part  df  HamptcM  <C<nm,  CM*e&-<MHege,  «ne  of  the 
fratt^  a  tnagnetickl  tetrella,  «rhich  he  placed  in  the  Midst  trings  of  Greenwich  hospiTal,  ^lie  thwrclrei  of  St.Stephen 
vtf  aplane  board  DrithB  bole,  into  whiA  the  terdU  is  half  Walbrook,  ahd  SL  Mar^-le-bew,  withtipwarts'of  60  uthtt 
muiersed,  till  it  be  like  a  globe  «ith  rhe  frCdes  in  the  bori-  chtfrches  and  pubTic  tt«H[»,  which  Akt  'tfi^dful  &e  rvtr- 
loh  :  the  plane  is  then  dusted  over  With  steel  filings  from  dered  necessary.  Tfl  -Are  managcaeM  «f  which  business, 
«  tftVe :  t*re  dust,  by  the  niagnetic*l  virtue,  becomes  im-  *e  was  assisted  in  "the  iweasurettehts,  awd  laying  out  el 
tnediately  figared  into  furrows  that  bend  like  a  sort  of  priirateproperty,  by  the  iyigoaious  Dt.  Robert  Hsote.  The 
lelix,  proceeding  as  it  were  oat  at  one  pole,  and  rettirn-  variety  of  businmsin  which  bewasby  thSsMi^Hin'ertgaged, 
Sng  in  by  the  other;  the  Whole  plane  becoming  figured  Tequiriag  his  constant  aetCfidance  and  concern,  he  reigned 
^&  the  circlet  of  a  planisphere. — It  being  a  question  in  his  Savilian  professorship  at  Oxford  in  1673;  and  thereat 
bit  lime  amoBg  the  problems  of  navigHtion,  to  what  me-  following  he  receivrd  from  the  king  the  honoBr  of  knight- 
tefaanical  powers  sailing  against  the  wind  Was  reducible  ;  hood.-^He  was  one  of  the  crommissionets  who,  an  the  mo- 
Ire  showed  it  to  be  a  wedge:  be  also  demohitrated,  how  lion  of  sir  Jonas  Moore,  mrvcyor-general  oflbe  ordnance, 
%  transient  force  on  -an  oblitjue  plane  would  cause  the  mo-  1)ad  been  appointed  to  sricct  a  proper  place  for  ejecting 
IfOfi  of  the  plane  against  the  first  mover :  and  he  made  an  «n  observatory  ;  and  he  proposed  Greenwich,  which  wts 
iUstmnient  tnecbanically  prodacing  the  same  efiect,  and  accordingly  approved  of;  the  foundation  stone  of  wbidi 
Uiowed  the  reason  of  niliug  on  alt  winds.  The  geome-  wts  laid  the  lOrii  of  August  I6?5,  and  the  building  was 
trical  mecbanism  of  rowing,  be  showed  to  be  k  lever  on  presently  finished  under  the  direction  of  sir  Jonas,  with 
ia  moving  or  cedent  firicrura  :  for  this  end,  he  made  in-  the  advici-  and  assistance  of  sir  Chriittopher. 
Itnimems  and  experifnenti,  to  find  the  resistance  to  mo-  In  16B0  our  author  wbh  chosi^  president  of  the  Royal 
lion  in  a  liquid  medium;  with  ollrer  circumstances  that  Society;  afterwards  appointed  architect  and  commbsioiKT 
tee  the  necessary  elements  for  laying  down  the  geomrtry  of  Chelsea-college;  and  in  1684,  principal  oflicer  or 
vf  sailing,  swimming,  rowing,  flying,  and  constructing  of  comptroUerof  the  works  in  Windsor-castle.  SirChristo- 
Sbips. — He  invented  a  very  speedy  and  curions  way  of  pher  sat  twice  in  Parliament,  as  a  representative  for  two 
'etching.  He  started  many  things  towards  the  emenilation  different  boroughs.  While  he'continned  surveyor- general, 
of  water-works.  He  likewise  made  some  instruments  for  bis  residence  was  in  Scotland-yard  ;  but  after  his  removrf 
Kspiration,  md  for  straining  dre  breath  from  fuliginous  from  that  office,  in  1718,  he  lived  in  St.  James's-street, 
VspoDts,  to  try  whether  the  same  breath,  so  purified,  will  Westminster.  He  died  the  25th  of  February  1723,  a't  91 
Serve  again. — He  was  the  first  inventor  of  drawing  piciurej  years  of  age ;  and  was  interred  with  great  solemnity  io 
by  micrbscopical  glasses.  He  invented  perpetual,  or  at  St.  Paul's  cathedral,  in  the  vault  nnder  the  south  wing 
leasilong-lived  lamps,  for  keeping  a  perpetual  regular  heat,  of  the  cbotr,  near  the  east  end. 

in  order  to  various  uses,  as  hatching  of  eggs  and  insects.  The   person   of  Sir  Christopher  Wren  was  of  a  tow 

production  of  plants,  chemical  preparations,  imitating  na-  stature,  and  thin  frame  of  body;    but    by    temperance 

ture  in  producing  fossils  and  minerals,  keeping  the  motion  and   skilful  management  he  enjoyed   a  goo^   state   of 

of  watches  equal,  for  the  longitude  and  astronomical  uses,  health,  to  a  very  unusual  lengih  of  life.     He  was  mo- 

He  Was  also  the  first  author  of  the  anatomical  experiment  dest,  devout,  strictly  virtuous,  and  very  commmiieativfc 

■ofinjecling  liquor  into  the  veins  of  animals.    By  this  ope-  of  his  knowledge.     Besides  his  peculiar  eminence  as  an 

ration,  ilivfrscreatures  were  immediately  purged,  vomited,  architect,  his  learning  and  knowledge  were  very  extensive 

intoxicated,  killed,  or  revived,  according  to  the  quality  in  all  the  arts  and  sciences,  and  especially  ia  the  ma- 

of  the  fluid  itijccted.     Hence  arose  many  olher  new  ex-  theraatics.                                , 

perrments,  particularly  that  of  transfusing  blood,  which  Sir  Christopher  never  primed  any  thing  himself,  but 

bas  been  prosecuted  in  many  curious  instances.     This  is  several  of  his  works  have  been  published  by  others :  some 
a  short  account  of  the  phacipal  discoveri^  which  Dr.    in  tke  Philosophical  'franiactions,  and  some  by  Dr.  Wallis 
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mi  Qther  frienda.— His  poothumou*  works  wkT  ^raucht*  of  lagarithBit,  then  Utvly  diicovered  by  loi4  Napier,  • 
werepubiislted  by  hision.  .  *  Scotchman,  who  had  a  great  affection  for  him.  Tbi» 
WKlCiHT  (Edwarp),  a  dbtingtiUbed  English  mathe-  poithunious  work  of  his  was  published  »odb  after,  by  kit 
matician,  who  fiouHshfd  in  the  latter  |>art  of  the  Idtb  only  suu  liwiauel  Wright,  who  vnt  also  a  tchalar  of  this 
cwlury,  and  beginning  of  the  l^lh;  dying  in  the  year  college.  He  had  furiued  rainy  other  useful  designs,  ,but 
1615.  He  was  conlempOTary  with  Mr.  Bngj^.and  much  was  hindered  by  death  from  hringiag  them  to  perfection, 
«onc«rnt^  with  bim  in  the  busine&$.»f  the  logarithms,  the  Of  him  it  may  truly  be  said,  that  he  studied  mure  to  sen* 
(bort  time  they  were  pub)  ished  before  his  death.  He  also  the  public  than  himself;  and  though  he  was  rich  in  fame, 
contributed  greatly  to  the  improvement  of  navigation  and  and  in  the  promises  of  the  great,  yet  he  died  poor,  to  the 
astronomy.  The  following  memuirs  of  him  are  translated  scandal  of  an  ungrateful  age."  So  far  the  memoir ;  other 
from  a  Latin  paper  in  the  amiuls  of  Gnnville  and  Caius-  particulars  concerning  him,  are  as  follow, 
college  in  Cambridge,  viz,  "  This  year  (l6l5)  died  at  Mr.  Wright  first  discovered  the  true  method  of  dividing 
London,  E^dward  Wright  of  Garveston  in  Norfolk,  for-  the  meridian  line,  according  to  which  jhe  Mercator's 
merly  a  fellow  of  this  college;  a  man  respeeitd  byall  for  charts  are  constructed,  and  upon  which  Mercator's 
the  integrity  and  simplieity  of  liis  manners,  and  also  fa-  sailing  is  founded.  An  account  of  this  he  sent  from 
mous  for  his  skill  in  the  inathi'maiieal  sciences:  so  that  Caius-collegc,  Cambridge,  where  he  was  then  a  fellow,  to 
he  was  not  undeservedly  styled  a  most  excellent  mathe-  his  friend  Mr.  Blondevillc,  containing  a  short  table  for 
matician  by  Richard  Hackluyt,  the  author  of  an  original  that  purpose,  with  a  specimen  of  a  chart  so  divided  t»- 
treatise  of  our  English  navigations.  What  knmvledge  he  geiher  with  the  manner  of  dividing  it.  All  which  Blonde- 
had  acquired  in  the  science  of  mechanics,  and  how  use-  ville  published,  in  1594,  among  his  Exercises,  And,  in 
fully  he  employed  thai  knowledge  to  the  public  as  well  1597,  the  reverend  Mr.  William  Barlowe,  in  his  Naviga- 
■s  private  'advantRge,  ebandantly  appear  both  from  the  tor's  Supply,  gave  a  demonstration  of  this  division  as 
writings  he  pubtisued,  and  from  the  many  mechanical  communicated  by  a  friend. 

operations  still  extant,  which  are  Kanding  monuments  of        At  length,  in  T599,  our  author  himself  printed  his  ce)c- 

fais  great  industry  and  ingenuity.     He  was  the  first  un-  brated  treatise,  entitled,  The  Correction  of  certain  Error* 

dertaker  of  that  difficult  but  useful  work,  by   which  a  in  Navigation,  which  had  been  written  many  years  before; 

little  river  is  brought  ftonv  the  town  of  Ware  to  a  new  where  he  shows  the  reason  of  this  division  of  the  meridian, 

canal,  to  swpply  the  city  of  London  with  water  ;  but  by  the  manner  of  constructing  his  table,  and  its  uses  in  na- 

the  tricks  of  others  he  was  hindered  front  completing  the  vigation,  with  other  improvements.     In  I6l0  a  second 

work  he  had  begun.     He  was  excdlent  boih  in  contriv-  e£tion  of  Mr.  Wright's  book  was  published,  and  dedi- 

ance  and  execution,  nor  was  h«  inferior  to  the  most  in-  cated  to  his  royal  pupil,  prince  Henry;  in  which  the  au- 

cenioos  mechanic  in  the  making  of  instruments,  either  of  tLor  inserted  farther  improvements ;  particularly,  he  pro- 

bMw  or  any  other  matter.    To  his  invention  is  owing  posed  an  excellent  way  of  determining  the  magnitude  of 

whatever  advantage  Hoadius's  geographical  charts  have  the  eartli;  at  the  same  time,  recommending  veiy  judi- 

above  others-,   for  it  was  Wright  who  taught  Jodocus  ciously,  the  making  our  common  measures  in  some  cei^ 

Hondius  the  method  of  constructing  them,  which  was  till  tain  proportion  to  that  of  a  degree  on  its  surfitce,  that 

tfaen  unknown:  but  the  ungrateful  Hondius  concealed  Ibey  might  not  depend  on  the  uncertain  length  of  a  barleys 

the  name  of  the  true  author,  and  arrogated  the  glory  of  corn.     Same  of  his  other  improvements  were;  The  Tabla 

the  invention  to  himself.     Of  thi«  fraudulent  practice  the  of  Latitudes  for  dividing  the  raeridiun,  computed  as  far  a* 

good  man  could  not  help  complaining,  and  justly  enoagh,  to  minutes :  An  instrument,  he  calls  the  Sea-rings,  bj 

in  the  preface  to  bis  trtelise  of  the  Correction  of  Errors  which  the  variation  of  the  compass,  the  altitude  of  the 

.IB  the  Art  of  Navigation ;  which  he  composed  with  ex-  sun, and  the  time  of  the  day,  may  be  readily  determined  at 

cel'lent  judgment,  and  after  long' experience,  to  Uwgreat  once  in  any  place,  provided  the  latitude  be  known  :  The 

advancement  of  naval  aflain.     For  the  improvement  of  correctingof  the  errors  arinng  from  the  excentricity  of  the 

this  an  he  was  appointed  mathematical  lecturer  by  the  eye  in  observing  by  the  croas-staff:  A  total  amendment  in 

East-India  Company;  and  read  lectures  in  the  bouse  of  the  tables  of  the  declinations  and  placet  of  the  sun  and 

that  worthy  knight  sir  Thomas  Smith,  for  which  he  had  a  stars,  from  his  own  observations,  made  with  a  six-foot 

yearly  salary  of  50  pounds.    This  office  he  discharged  quadrant,  in  the  years  1594,95,  pfi,  97:  A  sea-quadrant, 

with  great  reputation,  and  much  to  the  satisfaction  of  his  to  take  altitudes  by  a  forward  or  backward  observatinn; 

hearers.     He  published  in  English  a  book  on  the  doctrine  having  also  a  contrivance  for  the  ready  finding  the  latt- 

of  the  sphere,  and  another  concerning  the  construction  of  fnde  by  the  height  of  the  pole-star,  when  it  is  not  qn  the 

sun  dials.     He  also  prefixed  an  ingenious  preface  to  the  meridian.     And  that  this  book  might  be  the  better  under- 

karaed  Gilbert's  book  on  the  loadstone.     By  these  and  stood  by  beginners,  to  this  edition  is  subjoined  a  transla- 

other  his  writings,  he  has  transmitted  his  fame  to  latest  tion  of  Zamorano's  Compendium ;  and  he  added  a  large 

posterity.     While  he  was  yet  a  f^low  of  this  college,  he  table  of  the  variation  of  the  compass  as  observed  in  vetj 

could  not  be  concealed  in  his  private  study,  hut  was  diSerant  parts  c^  the  world,  to  show  that  it  is  not  occa- 

called  forth  to  the  public  business  of  the  nation,  by  the  sion«d    by  any   raagnetical  pole.    The  work  has  gune 

queen, aboutthe  year  1593.     [Other  accounts  say  ISfiJ.]  through  several  other  editjons  since.     Dpscription  and 

He  was  ordered  to  attend  the  earl  of  Cumberland  in  some  Useof  the  Sphere,  in  l€l8.     And,  besides  the  books  above 

maritime  expeditions.     One  of  these  he  has  given  a  faith-  mentioned,  he  published  another  on  navigation,  t'lititled, 

ful  account  of,  in  the  manner  of  a  journal  or  ephemeris.  The  Ha*en-^nding  Art,  translated  from  the  Dutch.   Other 

'0  which  he  has  prefixed  an  elegant  hydrographical  chart  accounts  of  our  author  state  also,  that  it  was  in  the  year 


of  his  own  contrivance.     A  little  before  his  death  he  em-     1589  that  he  first  began  to  attend  the  earl  of  Cumberland 
ployed  himself  about  on  Engliih  traoilation  of  the  book    in  his  voyages.    It  is  also  said  that  he  made,  for  his' pupil. 
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prince  Henry,  a  Urge  iphere  with  curious  moveroenU,  nardi  in  the  time  of  tbe  civil  wars  thrown  aside,  amoag 

which,  by  the  help  of  spring-work,  not  only  repretcnied  dust  and  rubbish,  where  it  was  found,  in  the  year  i646, 

the  motions  of  the  whole  celestial  sphere,  but  showed  aUo  by  sir  Jonas  Moore,  who  at  his  oivn  expense  n-stored  it  to 

the  particular  sytteins  of  the  sun  and  muoi),  and  their  cir-  its  first  state  of  perfection,,  and  deposited  it  at  his  own 

cular  motions,  tofjelher  with  their  places  and  possibilities  house  in  the  Tower,  among  his  other  mathematical  iostru- 

of  eclipsing  each  other:  ihete  arc  in  this  machini:  works  mcnts  and  curiosities. 

for  a  motion  of  17100  years,  if  it  should  pot  be  stopt,  or  See  Robensun's  Navigation,  Inirod.  pa.12.     Also  the 

tbe  materiuls  fail.     This  sphere,  [hough  thui  made  ut  a  Philoa.  Magazine,  vol.  21,  pa.l64. 
great  expense  of  money  and  ingenious  industry,  was  after- 


X. 

X  E  N  X  I  P 

"^ENOCKATES,  an  eminent  philosopher  atnong  tbe  was  banished  from  his  country,  withdrew  to  Sicily,  and 

-^^  ancient  (jreelts,  was  born  at  Chalcedun,  and  died  lived  in  Zaiicbe  and  CatwtM.     His  opinion  with  regard  to 

314  yean  before  Christ,  at  about  90  years  of  age.     He  the  nature  of  God  difFers  not  much  trom  that  of  Spinoea. 

became  early  a  disciple  of  Plato,  studying  under  this  When  he  saw  the  Egyptians  pour  forth  lamentations  dur- 

grcai  master  at  the  same  time  with  Aristotle,  though  he  ing  their  festivals,  he  thus  advised  them :  "  If  tbe  objects 

was  Dot  possessed  of  equal  talents;  the  former  wanting  a  of  your  worship  are  Gods,  do  not  weep :    if  they  are 

ipur,  and  the  latter  a  bridle.     He  was  fond  of  the  matbe-  men,  offer  not  sacrifices  to  ihem."    The  answer  he  made 

matics;  and  permitted  none  of  his  scholars  to  be  ignoraot  to  a  man  with  whoni  be  refused  to  play  at  dice,  is  highly 

of  them.     There  was  something  slovenly  in  tbe  behaviour  worthy  of  a  philosopher  :  This  man  calling  him  a  coward, 

of  Xenocrates;  forwhicbteason  Plato  frequentlyexhorted  "Yes,"  replied  he,  '■  I  am  eitccssively  so  with  regard  to 

him  to  sacrifice  to  the  graces.     Seriousness  and  severity  all  shameful  actions." 

were  always  seen  in  his  deportment:  yet  notwithstanding  ,  XENOPHON,  a  celebrated  Greek  general,  philoso- 
this  severe  cast  of  mind,  he  was  very  compassionate,  pher,  and  historian,  was  born  at  Athens,  and  became 
There  was  also  something  very  extraordinary  in  the  recti-  early  a  disciple  of  Socrates,  who,  say*  Strabo,  saved  his 
tude  of  bis  morals:  he  wai  absolute  muster  of  his  pas-  life  in  battle.  About  the 60th  year  oi  his  age  he  engaji^d 
sions;  and  was  not  fond  of  pleasure,  riches,  or  applause,  in  the  expedition  of  Cyrus,  end  accomplished  his  immor- 
lodeed,  so  great  was  his  reputation  for  sincerity  and  pro-  tal  retreat  in  the  space  of  15  months.  The  Jealousy  of 
bity,  that  he  was  tbe  only  perwn  whom  tbe  magistrates  of  the  Athenians  banished  him  from  his  native  city,  for  en- 
Athens  dispensed  from  confirming  his  testimony  with  an  gaging  in  the  service  of  Sparta  and  Cyrus.  On  his  return 
oath  :  and  yet  he  was  so  ill  treated  by  them,  as  to  be  therefore  he  retired  to  Scillus,  a  tuwn  of  Elis,  where  he 
sold  because  be  could  not  pay  the  pull-tax  laid  upon  fo-  built  a  temple  to  Diana,  which  he  aentioni  in  his  epis- 
rdgners.  Demetrius  Phalereus  bought  Xenocrates,  paid  tics,  and  ilevuled  his  leisure  to  philosophy  and  rural 
the  debt  to  the  Athenians,  and  immediulel^  gave  him  his  sports.  But  commotions  arising  iu  that  country,  he  re- 
liberty.  At  Alexander's  request,  be  composed  a  treatise  moved  to  Corinth,  where  it  seems  he  wrote  his  Givcian 
on  the  Art  of  Reigning  ;  6  books  on  Nature;  6  books  on  History,  and  died  at  tbe  age  of  90,  in  the  year  3£0  be- 
Philosopby  ;  one  on  Riches,  &c ;  but  nunc  of  them  have  fore  Cbrisi. 

descended  to  the  present  times. — His  theology  it  seems  hy  his  wife  Philesia  he  had  two  sous,  Diodorus  and 

was  but  poor  stuff:  Cicero  refutes  him  in  the  first  buok  of  Gryllus.     The  lattci  rendered  himself  immortal   by  kill' 

the  Nature  of  the  Gods.  ing  Epaminondas  in   the  famous   battle  of  Mantinca,  but 

XENUPHANE5,  a  Greek  philosopher,  bom  ia  Colo-  perished  in  tbut  exploit,  which  his  father  lived  to  record, 

pbon,  was,  according  to  some  authors,  tbe  disciple  of  The  best  editions  of  his  works  arc  those  of  Fraockfort 

Archeiaus;  in  which  case  he  must  have  been  contempo-  in  1674,  and  of  Oxford,  in  Grerlc  and   Laiin,  in  1703, 

rary  with  Socrates.     Others  relate  that  he  was  quite  tto  5  voU.  8vo.     Separately  have  been  published  his  Cyro- 

ftutodidoct,  being  entirely  self-taught,  and  that  he  lived  padia,  Oxon.  1/27,  ^to,  and  171l>>  8vo.     Cyri  Anabasis, 

at  the  same  time  with  Anaxiroander:  occordjng  to  which  Oxon.  1735,  4to,  and  1747.  Svo.     Memorabilia  Socrstis, 

account  be  must  have  tluurished  before  Socmes,  and  Oxon.  1741,  Svo. — His  Cyri  Anabasis  has  been  admira- 

about  the  6'Oth  Olympiad,  as  Diogenes  Laertius  affirms,  bly  translated  into  English  by  Spclman. 

He  founded  the  Eleatic  sect;    and  wrote  several  poems  XIPHIAS,  in  Astronomy,  is  the  Dorado  or  Sword- 

on  philosophical  subjects;  as  also  a  great  many  on  the  fish,  a  coiisiellHiion  of  the  souihero  hemisphere;    being 

foundation  of  Colophon,  ^ nd  on  that  of  the  colony  iff  one  of  the  new  constellations  added  by  modern  astroncv 

Elea.     He  wrote  also  against   Homer  and  Hesiod.     He  men;  and  consisting  of  6 stars  only.    SeeDoHADO. 
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"Y''ARD,  a  lineal  meaBure,  or  messore  of  length,  used 
■*-  in  Engfand  and  Spain,  chiefly  to  measure  clolb, 
stulfs,  &CC.  The  yard  was  settled  by  Henry  the  Ist,  from 
the  l<-ngih  of  his  own  arm. 

The  English  yard  contains  3  feet;  and  it  is  equal 
to    4-5ths  of  tbe  English  ell, 
to    7-9ihs  of  thf  Paris  ell, 
to    4-3ds  of  the  Flemish  eil, 
to  56-5Ists  of  the  Spanish  vara  or  yard. 

Vahd,  or  Gotdtri  Vahd,  is  also  a  popular  name  given 
to  the  3  Stan  which  compose  the  belt  of  Orion. 

YEAR,  in  the  full  extent  of  the  word,  is  a  system  or 
cycle  of  severe!  months,  usually  12.  Other,  define  year, 
in  the  general,  a  period  or  space  of  time,  measured  by 
the  revolution  of  some  et'lestia)  body  in  if*  orbit.  Thus, 
the  time  in  which  the  £xed  stars  make  a  revolulinn,  is 
called  the  great  year;  and  the  times  in  which  Jupiter, 
Saturn,  the  Sun,  Moon,  &c,  complete  their  courses,  and 
return  to  the  same  point  of  the  zodiac,  are  respectively 
called  the  years  of  Jupiter,  and  Saturn,  and  tbe  Solar,  and 
Lunar  years,  &c. 

As  year  deoi.  .'d  originally  a  revolution,  and  was  not 
limited  to  that  of  the  sun;  accordingly  we  find  by  the 
oldest  accounts,  that  people  have,  at  different  times,  e.x-- 
pressed  other  revolutions  by  it,  particularly  that  of  the 
moun ;  and  consequently  that  the  years  of  soma  ac- 
counts, are  to  be  reckoned  only  months,  and  sometimes 
periods  of  2,  or  3,  or  4  months.  This  will  asdat  us 
greatly  in  understanding  the  accounts  thai  certain  nations 
give  of  their  own  antiquity,  and  perhaps  aUo  of  the  age 
of  men.  We  read  expressly,  in  several  of  the  old  Greek 
writers,  that  tbe  Egyptian  jear,  at  one  period,  was  only 
a  month  ;  and  we  are  farihir  told  that  at  other  periods 
it  was  3  months,  or  4  months :  and  it  is  proLable  that 
the  children  of  Isniel-lollowedthe  Egyptian  account  of 
their  years.  The  Eaypt is  ns  boasted,  almost  3000  years 
ago,  of  having  accounts  of  events  48  thousand  years  di- 
stance. A  great  deal  must  be  allowed  to  fallacy,  on  tbe 
above  accouiit;  hut  besides  this,  the  Egyptians  had,  in 
the  time  of  the  Greeks,  the  same  ambition  which  the 
Chinese  have  al  present,  and  wanted  to  pass  themselves 
«n  that  people,  as  these  do  upon  us,  for  the  oldest  inha- 
bitants of  the  earth.  They  had  recouri,e  also  to  the  same 
meHns,  and  both  the  present  and  the  early  impostors 
have  pretended  to  ancient  observations  of  the  heavenly 
bodies,  and  recounted  eclipses  in  pRriicnlar,  to  vouch 
for  the  truth  of  their  accounts.  Since  the  time  in  which 
the  solar  year,  or  period  of  the  earth's  revolution  round 
the  Bun,  has  been  received,  we  may  account  with  cer- 
tainty; but  for  those  remote  ages,  iu  which  we  do  nut 
precisely  know  what  is  meant  by  the  term  j ear, 'it  is  im- 
possible to  form  any  satisfactory  conjecture  of  the  dura- 
tion of  time  in  the  accounts.  The  Babylonians  pretend 
to  an  antiquity  uf  the  same  romantic  kind  ;  they  boast 
of  47*' thousand  years  in  which  they  had  kept  observa- 
tions ;  'but  we  may  judge  of  these  as  of  the  others,  and  of 
the  observations  as  uf  the  years.  The  Egyptians  speak 
of  the  stars  having  four  tiroes  altered  their  courses  in  that 
period  which  they  claim  for  their  history,  and  that  the 
lun  set  twice  in  tbe  east.    They  were  not  such  perfect 


astronomers,  but,  aAer  a  mund-about  voyage,  they  might 
perhaps  mistake  tbe  east  for  tbe  west,  when  they  came  in 
again. 

Year,  or  Solar  Ybar,  properly,  and  by  way  of 
eminence  so  called,  is  the  space  of  time  in  which  the  sun 
moves  through  the  1 2  sipns  of  the  ecliptic.  This,  by  the 
observations  uf  the  best  modern  astronomers,  contains 
365  days,  5  hours,  48  min.  45}  seconds :  the  quantity 
assumed  by  tiie  authors  of  the  Gregorian  calendar  is 
365  days,  5  hours,  49  min.  But  in  the  civil  or  popular 
account,  this  year  only  contains  365  days;  except  every 
4th  year,  which  contains  366. 

The  vicissitude  of  seasons  seem  to  have  given  occasion 
to  the  first  institution  of  the  year.  Man,  naturally  curi- 
ous to  know  the  Cause  of  that  diversity,  soon  found  it 
was  the  proximity  and  distance  of  the  sun  ;  and  therefore 
gave  the  name  year  to  the  space  of  timi'  in  which  that 
luminary  performed  bis  whole  course,  by  returning  to  the. 
same  point  of  his  orbit.  According  to  the  accuracy  of 
their  observations,  the  year  of  some  nations  was  more 
perfect  than  that  of  otbrn,  but  none  of  them  quite  exact, 
nor  whose  parts  did  not  vary  with  regard  to  the  parts  of 
the  sun's  course. 

Herodotus  informs  us  that  it  was  the  Ecypiians  who 
first  formed  the  year,  making  it  to  contain  360  days, 
which  they  subdivided  into  13  months,  of  30  days  each. 
Mercury  Tnsmegistus  added  5  days  more  to  the  account. 
And  on  this  footing  it  is  said  that  lliales  instituted  tbe 
year  among  the  Greeks;  though  that  form  of  the  year* 
did  not  obtain  thruuiih  all  Greece.  Also,  tbe  Jewish, 
Syrian,  Roman,  Persian,  Ethiopic,  Arabic,  &c  years, 
were  all  different.  In  fact,  considering  tb«  imperfect 
state  of  astronomy  in  those  ages,  it  is  no  wonder  that  dif- 
ferent people  should  disagree  in  the  calculation  of  th* 
sun's  course.  We  are  even  assured  by  Uiod.  Siculus, 
lib.  1.  Plutarch,  in  Numa,  and  Plinytlib.  7,  cap.  48^ 
that  the  Egyptian  year  itself  was  at  first  very  different 
from  that  now  represented. 

The  solar  year  is  either  astronomical  or  civil. 

The  Aitronomical  Solar  Vbar,  is  that  which  is  deter- 
mined precisely  by  astronomical  observations  ;  aiid  .is  of 
two  kinds,  tropic^,  and  sidereal  or  astral. 

Tropical,  or  Natural  Year,  is  the  time  the  sun  takes 
in  passing  through  the  Kodiac  ;  which,  as  before  observed, 
is  363d.  5h.  48m.  45}  sec.  This  is  tbe  only  proper  ot 
natural  year,  because  it  always  keeps  the  same  seasons 
to  the  same  months. 

Sidereat  or  jittrat  Yea  r,  is  (be  space  of  time  the  sun 
takes  in  passing  from  any  fixed  star,  till  his  return  to  it 
again.  This  consists  of  365d.  6h.  9m.  17  sec.;  being 
20ni.2l^sec.  longer  than  the  true  solar  year. 

Lujiar  Yeah,  is  the  spa^e  of  12  lunar  months.  Hence, 
from  the  two  kinds  of  synodical  lunar  months,  ihere  aris* 
two  kinds  of  lunar  years ;  the  one  astronomical,  the  other 
cfvil. 

LuttaT-'Aitrotumical  Year,  consists  of  12  lunar  syno- 
dical months  ;  and  contains  354d.  8h.  48m.  38  sec.  and 
is  therefore  tOd.  Slh.  Om.  7s.  shorter  tbnn  the  solar  year. 
A  difii^rence  which  is  the  foundation  of  the  epact. 

Lunar  Gcil  Year,  is  either  common  or  embolismic. 
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The  Commm  luMir  Yeak  contiiU  of  12  lunar  civil 
uionths ;  atiH  iherefore  containa  354  days.     And 

The  EmhiAUinic  or  Intcrcakiy  Lunar  Ybah,  conusta 
of  13  tuiuu  civil  moaths,  and  therefore  coniaiD»  381 
dsyi. 

llias  far  we  haTC  conudered  years  and  month&i  with 
regard  tu  utrononical  principle*,  upvn  which  tb«  diviiion 
11  founded.  By  tbis,  the  various  forms  oF  civil  yean 
that  have  formerly  obtained,  or  that  do  atill  obtain,  in 
divert  nations,  are  to  be  rxamiued. 

Civil  Yeab,  is  that  form  of  year  which  every  nation 
baa  canlriv«l  or  adopted,  for  computing  (heir  tiane  by. 
Or  the  civil  b  the  trofucal  year,  considered  ai  only  con- 
sitting  of  a  certain  nunber  of  whole  days :  the  odd  houn 
and  minutes  being  tet  aoide,  to  render  the  computation 
of  tiiBe,  in  the  comiaon  occasioM  <^  life,  more  easy- 
As  tiie  tropical  year  is  36id.  Sh.  4Sm.  or  almost  S65d, 
6b.  which  ii  305  days  and  a  quarter ;  therefore  if  the 
civil  year  be  made  363  days,  every  4lh  year  it  must  be 
366  days,  to  iceep  nearly  to  the  course  of  the  sun.  And 
hence  the  civil  year  is  either  eoromon  or  bissextile.  The 
Common  Civil  Yeah,  is  that  oomislii^  of  365  days; 
having  seven  months  of  3t  days  aach,  four  of  30  days, 
^Kl  one  of  S8  days;  as  indicated  by  tbe  foilowing  well 
known  memorial  verses : 

Thirty^ays  halb  September, 
April,  June,  and  Novetabcr; 
February  twenty-eigbl  alone, 
And  all  the  test  have  thirty-one. 
BtMotiU  or  l4t^  Yea  r,  connists  of  366  days ;  having 
oae  day  extraordinary  ;  called  ibe  intercalary,  or  bissex- 
tile   day ;    and  takes  place   every   4ih   y^ar.     This  ad- 
ditional day  to  every  4th  year,  was  first  introduced  by 
Jtdius  CcBsar;  who,  to  make  tbe  civil  yean  keep  pace 
vith  tbe  tropical  ones,  contrived  that  the  6  hours  which 
the  latter  exceeded  the  former,  should   make  one  day  iu 
4  years,  and   be  added    between  the   «3d   and   S3d  of 
Febraary,  which  was  their  6tb  of  the  caliqids  of  March  ; 
wid  as  they  then  Counted  this  day  twice  over,  or  had  bis 
sexto  caU-ndas,  kence  the  year  itself  came  to  be  called 
bis  sextas,  and  binexcilc. 

However,  among  ui,  tbe  intercalary  day  ii  not  intro- 
duced by  coupling  tbe  136  of  February  twice  over,  but 
by  adding  a  day  at  tiic  end  of  that  month,  which  there- 
fore in  that  year  contains  39  days. — A  farther  rrformation 
was  msde  in  this  year  by  Pope  Gregory.  See  Gregoriam 
YbaRiCalbndak,  BiatEXTTLE,  and  Leaf- Fear, 

The  civil  or  legal  year,  in  England,  farmetly  com- 
nanced  on  tbe  day  of  the  Annunciation,  or  25tk  of  March; 
though  the  historical  year  itegan  on  the  day  of  ibe  Cir- 
cwmeisian,  ta  ist  of  January  ;  on  which  day  iIm-  Germaa 
and  Italian  year  also  commences.  The  part  sf  the  year 
bblween  these  two  terms  was  usually  expressed  both  ways : 
as  174&-6,  or  ITA^.  '  Bat  by  the  act  fur  altering  the  stile, 
tk  civil  yaar  now  commences  with  the  Ist  uf  January. 

AacieiU  RomiKt  ¥s  a  K.  This  wan  the  lunar  year,  which, 
M  first  settled  by  Romulus,  contained  only  tea  months,  of 
snequat  nnnbers  of  days  in  (be  fol)owin<!  order:  via, 
March  31;  April  90;  May  31 ;  June  30;  Qniatilis  31 ; 
SextilisSO;  September  30;  October31;  November  30j 
December  30 ;  in  bH  304  days ;  which  came  short  of  the 
trae  lunar  year  by  50  days ;  and  of  the  solar  by  6]  daya. 
Hence,  the  beginning  of  Romului's  year  was  vague,  and 
unfixed  with  regard  to  any  precise  seasoa;  to  ramow 
wUck  KteonveDieBot,  tkat  piinck  ordered  m  many  days 
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to  be  added  yearly  at  would  make  the  state  of  the  heavens 
correspond  to  tbe  first  month,  without  calling  them  by  the 
name  of  any  month. 

Numa  Pompilius  corrected  this  irregular  constitution 
of  the  year,  composing  two  new  months,  January  and  Fe- 
brutfy,  uf  the  days  that  were  uted  to  be  added  to  the  bw 
mer  year.  Thuii  Numa's  ye,ar  consiate^  of  12  montbs,of 
different  days,  u  follow;  viz, 

January  -'  29 ;     February     •  38  ;     March  -  •  31 ; 

April  -- 29;     May  -  -  -  -  31 ;    June- -- 29; 

Quinlilis    31;     SextiUa- -  -  39;     September  29; 

October  -  31;  November  -  29;  December  29; 
in  all  35!>  days;  therefore  exceeding  the  quauiily  of  a 
lunar  civil  year  by  ooe  day ;  that  of  a  lunar  attronomical 
year  by  15*  It"  23';  but  tailing  short  of  the  omroon 
solar  year  by  todays;  so  that  its  beginning  was  still  vague 
aud  unstable. 

Numa,  however,  desiring  to  have  it  bepn  at  the  winter 
solstice,  ordered  22  days  to  b«  intercalated  in  February 
every  2d  year,  33  every  44h,  23  every  6th,  and  23  every 
8tb  year.  But  ibis  rule  failing  to  keep  matters  even,  re- 
course was  had  to  a  new  way  of  intercalating ;  and  iu- 
stead  of  23  days  every  Sth  year,  only  1 5  were  to^  added. 
The  care  of  tbe  whole  was  committed  to  the  pontifex 
maxinus ;  who  however,  neglecting  the  trust,  suffered 
things  to  run  to  great  confusion.  And  thus  the  Roman. 
year  stooil  till  Julius  Cxsar  reformed  it.  .  See  Galek- 
DAn.  And  for  the  manner  of  reckoning  iha  days  of  the 
Roman  months,  see  Calkmds,  Nottss,  and  loea. 

JtUian  Yeak.     This  is  in  effect  a  so^  year,  comnonlj 
containing  S65  days;  though  every  4th  year,  called  bis- 
sextile. It  contaim  566.    The  months  of  the  Julian  yMr, 
with  Ae  number  of  theirdayi,  stood  thus  : 
'     January-  -  31;     February  -  28;     March-  -  31; 

April   -  •  -  30;     May    -  -  .  31 ;     June    -  -  30^ 

July    -  -  -  SI ;     August   -  -  31 ;     SeptemberSO; 

October    -  Si  ;     November    30;     December  31. 
But  every  bissextile  year  bad  a  day  added  in  Februaiy, 
making  it  then  to  cnulain  39  days. 

The  mean  quantity  therefore  of  the  Julian  year  is  365^ 
days,  or  365'  6'' ;  exceeding  tbe  true  solar  year  by  some- 
what more  than  1 1  stinutcs ;  an  excess  which  aioouats  to 
a  witole  day  in  almost  131  years.  Hence  tbe  times  »f  Urn 
equinoxes  gf»  backward,  and  fall  earlier  by  one  day  in 
about  130  or  131  years.  And  thus  the  Roman  year  stood, 
till  it  was  farther  corrected  by  pope  Gregory. 

For  settling  this  year,  Julius  Cseaar  brought  over  from 
Elgypt,  Sosigenes,  a  celebrated  msthematician ;  who,  to 
supply  Ike  defect  of  67  days,  wMch  bad  been  lost  thraugfa 
Ibe  nei^ect  of  the  pricais  and  to  bring  tlie  bagiuBiug  c^ 
the  year  to  the  wister  solstice,  made  one  year  to  CMuist 
of  15  mo^hs,  or  445  days;  on  which  account  that  year 
was  used  to  be  called  annus  coofuaionit,  the  year  of  con- 
fusion.    See  JWiMis  Calxkdak. 

GrtfonMn  VxiR.  This  is  the  Julian  year  corrected  by 
this  rule,  vu,  that  instep  of  every  secular  or  100th  year 
being  a  bissextile,  as  it  would  be  in  the  fi»mer  mode,  in 
the  new  w^  three  ftf  them  ace  commoo  years,  and  cmly 
the  4tb  is  bi^seiKtile, 

Tht  error  of  11  miautu  in  tb<s  ^lian  ycfir,  by  conl^ 
aual  repetidon,  bad  accumulated  to  an  error  1^  13  dayi 
from  the  lime  when  Cnsar ^utde tkis  correction)  by  which 
means  the  equinoxes  were  greatly  disturbed.  In  the  year 
15B3,  the  eqUiuoxet  were  fBll«>  back  10  days,  and  the  full 
Boom  4  d^ya,  taon  backward  tka>p  tbe;  werein  the  tima 
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of  the  NiceiK  council,  which  mt  in  tb«  jt!U  326 ;  *ii, 
the  former  from  tfae  SOtb  of  March  to  the  lOth,  and  Ae 
iMter  from  the  sth  to  ihe  lat  of  April.  To  remedy  tbii 
inCfVBsiug  irreguUrity,  pope  Gregory  the  I3[h,  in  the  year 
15Si,  crIIc)  t'other  the  chief  asironomcra  of  fais  time, 
aai  concerted  this  convctioii,  oiaittinglhe  10<iay^  above 
mentioned.     He  exchan^  ibe  tsnar  cycle  for  that  of  the  - 

rets,  and  made  tfae  5tlt  of  October  of  that  year  to  be 
15tb  ;  by  that  neaiu  leaturing  the  vernal  equinox  to 
the  31»f  of  Mxrch.  It  was  alio  provided,  by  the  orai«- 
aion  of  3  intercalary  dap,  in  400  years,  to  make  the  civil 
ytut  keep  pace  nearly  with  the  scHar  year,  for  the  time  1o 
come.     Soe  C  a  lbk  da  a. 

In  the  year  1700,  the  error  of  lOdftyswas  increased  to 
11;  upon  which,  the  protestant  states  of  Germnny,  to 
pment  brther  confusion,  adopted  the  Gregorian  correc- 
tion. 'And  the  itaroe  nasaccepted  nho  in  England  in  the 
year  1 753,  when  1 1  days  nere  throwa  out  after  the  2d  of 
September  that  year,  by  M^cu«mingthe3d  to  be  the  14th 
day  of  the  month  :  calling  this  the  new  style,  and  the  for- 
mer the  old  style,  Arrd  the  Gregorian,  or  new  style,  is 
nowin  llieinanner  usedin  most  countneg  of  Lurope. 

Yet  This  (art  correction  is  stttl  not  quite  perfect;  for  a* 
it  has  beien  shotfn  that,  in  4  centuries,  the  Julian  year 
gains  S^  3*'  M" ;  and  as  it  is  on(y  tt>e  3  days  that  are  kept 
out  in  the  Gregorian  year;  ther*  is  still  an  excess  of 
■!^  Vf  m  4  cenTaries,  which  amounts  to  a  whole  day  in 
S«  cmtories, -or  inS600 years.     SeeCALaiTDAB,  A'noor 

^yptian  Yeas,  caUed  also  the  year  of  Nabonassar,  on 
actMUUt'C'f  tiie'epoch  of  NaboTtauar,  is  the  solar  year  of 
363  days,  dirided  into  1 2  months,  of  90  days  each,  beside ' 
9  ifttercalHiy  days,  added  af  die  «itd.  The  Drter  and 
names  -of  these  months  ere  as  foHow  : 

1.  Tbeth;  S.  Paophi-;  3.  Athyr; 

».  Obqjac  ;  5.  Tybi ;  6.  Mfiicheir  ; 

y.  Pbammoth^    8,  Phnrmwrtii;      9.  Pach^nj 

10.  PawHi;  M.  Epipbi;  1*.  Meson. 

AstheEgyptianyear,  1^  neglecting  tin- <>  hours,  in  erory 
4>  T^^rs  loses  a  whole  day  of  rhe  Julran  year,  its  begiimiD|; 
'  rum  ihr-oBgh  -evKiy  part  of  the  Julian  year  in  the  space  of 
t*6ft  years;  after  which,  they  meet  again;  for  which 
renon  it  is  called  the«rratic  year.  And  becaosechis  re- 
ttrm  to  the  ttme  day  of  the  Julian  your,  is  performed  in 
the  space  of  \^Q  Idlian  yean,  this. circle  is  calhd  the 
Sothfc  period. 

This  ysar  was  applied  by  the  Egyptians  lo  cWA  uses, 
till  Anthony  and  Cleopfftra  were  defeated  ;  but  the  msihe- 
maticians  and  astrorromere  ii»ed  it  till  the  time  of  Ptole- 
iny,  who  made  use  of  it  in  his  Alt^dgest;  so  that  ihe 
Iniowtedge  of  it  is  of  gretn  service  in  ntronomy,  for  com- 
paring the.  ancient  observations  wiCh  the  modern. 

The  ancient  Egyptians,  we  ere  informed  by  Diodorm 
Siculus,  (Plutarch,  lib.I,  tu  the  Iffc  of  Nama^and  Piiny, 
llb.7,cap.48)  measured  their  years  by  the  course  of  tb« 
moon.  At  first  they  were  only  one  month,  then  3,  then 
4,  like  that  of  the  Arcsdiani;  and  then  6,  like  that  of  the 
people  o(  Acarnania,  Those  authors  add,  thvt  it  is  on 
this  account  that  (hey  reckon  sach  a  vast  number  of  yeara 
from  the  beginning  o[  the  world ;  and  that  in  the  history 
of  their  kings,  we  meet  with  some  who,  lived  lOOO,  or 
ISOO  years.  The  same  thing  is  nwinTained  by  Kircher; 
Oedip.  Egypt,  tom.  3,  pa.Q5S2.  And  a  late  author  ob- 
•etves,  that  Tarro  has  affirmed  the  same  of  all  nations, 
tfaat  has  been  quoted  of  the  EgyptMM,    By  wfaidi  meani 
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many  account  for  the  great  ages  of  thcmore  ancient  p^ 
iriarchs;  expounding  the  gradu^  decrease  in  their  ages, 
by  the  successive  increase  of  the  number  of  months  in 
tbcir  years. 

On  the  Egyptians  being  tubdiied  by  tbe  Romans,  thej 
received  the  Jalian  year,  though  with  some  alteration 4 
for  tbey  still  relained  their  ancient  months,  with  the  five 
additional  days,  and  every  4tb  year  they  tntercalated  an* 
other  day,  for  the  6  hours,  at  the  end  of  the  year,  or  b^ 
tween  the  3§tl)  and  S9tfa  of  August.  Also,  the  beginning  . 
of  their  year,  or  the  first  day  of  the  month  Tboih,  an- 
swered to  the  29th  of  Augmtef  tbe  Julian  year,  or  to  the 
30th  if  it  happened  to  be  leap  year, 

Tkt  Afideni  Greek  Year. — ^This  was  a  lunar  year,  con- 
liatiog  of  12  months,  which  at  first  had  each  30  days, 
then  alternately  S9  and  90  days,  computed  from  the  first 
appearance  of  the  new  moon;  with  the  addition  of  an 
embolismic  moath  of  30  days,  every  3d,, 5th,  8th,  Itth, 
14th,  l€lh,  and  l<Kh  year  af  a  cycleof  l^yesrs  ;  in  order 
to  keep  the  new  and  Aill  moons  to  the  same  terms  or  sea- 
sons of  the  year. 

Their  year  commenced  with  diM  new  moon  which  was 
nearest  to  tbe  summer  solstice.  And  the  order  of  the 
months,  with  the  number  of  their  days,  were  as  follow  ; 
1.  ExcirtjxCaioo',  of  89  days;  2.  M^jT-atyeirvitoj  30;  3. 
Boil^f  opLiivy  S9 ;  4.  Mcii^Krigfiwv  30 ;  5,  Tlua.yi^iwv  '39  ; 
6.  IIoMiJewv  30;  7.  Ta^LrfXiun  SJ  ;  6.  AvSeoDjfitf*  30; 
S-  Zha^D^jaiv  29;  ia  Mstu^kuv  30;  11.  OajpyijAuuv 
S9  i  12.  XMf*f«fmv  SO.— But  many  (Ahe  Greek  nations 
lia<l  other  nantes  for  their  months. 

7V  Ancient JewithYs, AH. — This  is  a  lunar  year,  nsoally 
consisting  of  1 1  montlfs,  containing  sltemaiely  SO  and  29 
days.  And  it  was  made  to  agree  with  the  solar  year,  by 
adding  t(,  and  sometimes  12  days,  at  the  end  of  the  year, 
«r  by  an  embolismic  month.  The  order  and  quantities 
of  the  Months  were  as  follow:  1.  Misan  or  Abib  SOdays; 
4.  Jiar  or  Zius  39  ;  '5.  Siban  or  Sievan  30 ;  4.  TbAfaaz  or 
Tamua  29;  5.  Ab  30;  €.  Elul  29  ;  7-  Tifri  or  Ethanlm 
90;  6.  Marc4iesvanorBul39;  9.  Cisleu  30  ;  10.  Tebeth 
99;  II.  Sabat  orSchebefh  30;  12.  Adar  30  in  the  em- 
iioliimic  year,  but  39  in  the  common  year.— In  the  de- 
fective year,  Cislen  was  only  29  days;  end  in  the  re- 
dundant year,  Mardhesvan  was  SO. 

Ttu  Modern  JeuiM  Year  is  likewise  lunar,  consiiling 
of  13  months  in  common  years,  but  of -13  in  cmlmli»mic 
years;  which,  in  a  cycle  of  1 9  years,  are  the  3d,  6th, 
«tfa,  nth,  I4th,  17[h,Bndl9(h.  Its ibeginning  is iixed  to 
the  new  moon  next  after  'the  autumnal  equinox.  The 
names  and  order  of  the  months,  with  the  number  of  the 
days,  are  as  follow :  1.  Tisri  30days;  S.  Marchfsvan  29; 
S.Cisleu  30;  4.  Tebeth  29;  5.  Schebeth  30;  fi.  Adar 
29;  7.  Veadar,  in  the  embolismic  year,  30;  8.  NisanSOf 
9.  IlarSp;  10.  Sivan  30  ;  ll.ThamuE«9;  l2.Ab30; 
13.  Elul  29. 

The  Syrian  Yeab,  is  a  solar  one,  having  its  commence- 
metrt  fixed  to  the  beginning  of  October  in  the  Julian  year; 
from  which  it  only  differs  in  the  name^  of  the  monlhs,  the 
quantities  being  the  s»me;.  asFoHo*  ;  1,  Tishrin,  answei^ 
ing  to  our 'October,  and  containing  31  days;  2.  Latter 
Tiihrin,  containing,  like  November,  30  days;  S.'CanuB 
31  ;  4.  Latter  Canun  SI  ;  5.  Hhabat  S8,  OT  29  in  a  ieap- 
year;  6.  Adar-Sl ;  7.  Nisan  30;  B.  Aiyar  31 ;  9-  Haii- 
ramSO;  10.  Thamuz  fll;  11.  Ab31  ;  If.  £lul30. 

TV  Pertian  Y^ae,  is  also  a  solar  one,  of  565  days, 
consisting  of  1 2  months  of  30  days  each,  with  5  iaterca- 
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lary  days  added  al  the  eiid.  The  muiithi  are  as  follow  : 
].  Asrudia  muh  ;  3.  Ardibaicbt  meh  ;  3.  Cardi  rneh  ;  4. 
Thir  mch  ;  5-  Merdcd  meb  ;  6.  Scbabarir  uieh  ;  ?.  Me- 
har  meh;  8.  Aben  meh;  §.  Adar  meb;  10.  Ui  Meh  ; 
1 1.  Behea  meh  ;  13.  Auirer  meh.  This  year  is  tb<.'  same 
as  the  Egyptian  Nabonavsareitn,  and  ia  calkd  tbe  Yezde- 
gerdic  year,  to  distinguish  it  from  ibe  fixed  solar  year, 
called  the  Gelalean  year,  which  the  Peraians  began  to  u»e 
in  the  year  107^,  and  which  was  formed  by  an  intercala- 
tion, made  mx  or  seven  times  iu  4  years,  and  then  once 
every  5lh  year. 

The  Arabic,  Mahomeian,  and  TWituA  Yeah,  called 
also  the  year  of  tlic  Hegica,  is  a  lunar  year,  equal  to  354' 
8*'  le™,  and  coniiists  of  12  nionih»,  containing  alternately 
30  and  39  days.  Tbough  sometimes  it  contains  13  months; 
the  names  &c  being  aa  follow  ;  1.  Muharram  of  30  days; 
3.  Saphar  29;  3.  Rabia  30;  4.  Latter  Rabia  29;  5. 
Jornada  30;  6.  Latter  Jornada  29;  7.  llajab  30;  8. 
Shaaban  23  ;  9.  Ramadan  30;  10.  Sbawal  29  ;  U.  Dul- 
kaadah  30;  12.  Dulhe^ia  29,  but  in  the  embolismic 
year  30.  An  intercalary  day  is  added  every  2d,  5tb,  7th, 
lOlh,  13tfa,  15th,  ISih,  21st,  24th,  26tb,  29tb,  in  a  cycle 
of  29  years.  The  months  commence  with  tbe  fint  ap- 
pearance of  the  new  moons  after  tbe  conjunction. 

Bthicpic  Year,  is  a  solar  year  perfectly  agreeing  with 
the  Actiac,  except  in  tbe  names  of  the  months,  whicb  are ; 
X.  Majcaram;  S.  Tykympt;  3.  Hydar;  4.  Tyshaa  ;  5. 
Tyr;  S.Jacatil;  /.Magabit;  S.MiJaxia;  S.Gitibat;  10. 
Syne;  II.  Hamel ;  12,  Hahase.  intercalary  days  5. 
It  commences  with  the  Egyptian  year,  on  the  29th  of 
Augiut  of  the  Julian  year. 

The  YeaT  qflkc  Native  Americtau, — In  Humboldt's  Re- 
■earchea,  concerning  the  iostitutiona  and  monuments  of 
the  ancient  inhabitants  of  America,  among  many  other 
things  concerning  the  Me.\ican  nation,  &c,  we  find  seveial 
particulars  relating  to  their  year  and  computation  of 
time.  It  seems  that  the  Mexican  calendar  possesses  a  de- 
gree of  accuracy  and  refinement,  that  rises  considerably 
above  all  tbe  other  marks  of  tbeir  civilization.  It  appears 
that  a  stone  of  poiphyry,  of  an  enormous  bulk,  dug  up  in 
the  year  1790.  and  covered  with  sculpture,  evidently  re- 
lative to  the  calendar,  has  thrown  considerable  light  on 
this  curious  subject.  The  sculpture  is  in  relievo,  and 
well  polisbed;'  the  concentric  circles,  with  their  numer- 
ous divisions  and  subdivisions,  are  traced  with  maihc- 
matical  exactness.  In  the  centre  of  the  stone  is  sculp- 
tured the  hiemglyphic  of  the  sun,  surrounded  by  eight 
triangular  radii.  The  god  Tonatiuh  is  figured,  opening 
bis  large  mouth,  armed  with  teeth,  which  reminds  us  of 
a  figure  of  a  divinity  in  Hindustan,  tlie  image  of  Kala,  or 
Time. 

It  appears  that  the  civil  year  of  the  Mexicans,  was  a 
solar  year  of  365  days,  and  divided  into  18  months,  of 
90  days  each,  with  5  days  addt'd  at  the  end.  The  begin- 
ning of  the  day  was  reckoned,  like  that  of  the  Persians  and 
'  Kjo'ptians,  from  sun-riding.  Jt  was  divided  into  4  inter- 
vals, determiiii'd  by  the  rising  and  setting  of  the  sun,  and 
its  two  passages  over  the  meridian  circle.  The  hierogly- 
phic of  the  day  was  a  circle  divided  into  4  equal  parts. 
Each  month,  of  20  days,  was  divided  into  4  weeks,  or  pe- 
riods of  5  days.  The  Muescas,  a  nation  south  of  the 
Isthmus,  bad  weeks  of  3  days;  but  it  does  nut  appear 
that  any  nation  of  the  new  continent  was  acquainted  with 
the  week  or  cycle  of  7  days;  which,  with  a  few  excep- 
tions, is  found  all. over  the  old  world. 


Thirteen  Mexican  years  formed  a  cycle,  to  which  they 
gave  a  particular  name;  and  4  of  these,  constituting  a 
period  of  52  years,  was  denoted  hy  another  term  ;  and 
two  of  these  periods  of  52  yean  formed  what  they  called 
an  old  age.  At  tbe  end  of  52  years,  13  days  were  added, 
which  makes  the  Mexican  year  agree  with  the  Julian, 
of  365{  days.  But  Gama,  an  astronomer  vety  learned 
in  tbe  chronology  and  history  of  tbe  Mexicans,  is  of  opi- 
nion that  they  intercalated  only  25  days  in  104  yean;  and 
this  would  give  the  length  of  the  >-ear  =  3o5'S4  days, 
which  is  very  near  tbe  truth;  being  pore  accurate  than 
that  of  Hipparcbus,  and  is  nearly  the  sajse  as  that  which 
was  determined  by  the  astronomers  of  the  caliph  AU 


The  Mexicans  were  in  possession  of  annals  which  went 
back  8{  centuries  before  the  arrival  of  Cortes  in  the 
country  of  Anahuac.  Tbct  reckoning  of  time  was  accord- 
ing to  periods  of  52  or  104  years  ;  and  along  with  iho 
series  of  yean  and  days,  expressed  bj  hieroglyphics,  the 
migrations  of  tbe  nations,  the  battles  and  remarkable 
events  of  each  reign,  were  represented  in  the  paintings  of 
which  these  annals  were  composed.  In  the  reckoning  of 
time,  however,  a  particular  artifice  was  employed ;  for 
though  the  numbering  of  the  years  and  months,  from  a 
given  era,  would  have  suSiciently  ascertained  the  date  of 
any  event,  just  as  with  us,  tbb  simple  method  was  re- 
jected, and  in  its  stead  was  substituted  a  contrivance,  by 
which  the  name  of  the  year  determined  its  relative  situa- 
tion. This  device,  M.  Humboldt  thinks,  was  the  work 
of  the  priests,  and  was  efiected  by  dividing  tbe  cycle  of 
13  yein  into  smaller  cycles  of  4  years  each,  and  distin- 
guishing these  years  by  particular  names. 

Tbe  symbolical,  writing  of  the  Mexican  nations  exhi- 
bited  simple  signs  for  tbe  number  SO,  and  for  its  gd  and 
3d  powers,  400  and  SOOO.  A  small  standard,  or  flag, 
represented  20  units;  400,  the  square  of  20,  was  figured 
by  a  feather,  because  grains  of  gold,  inclosed  in  a  quill, 
were  used  in  some  places  as  money,  or  a  sign  for  the 
purposes  of  exchange.  The  figure  of  a  sack  indicated 
8000,  or  the  cube  of  30,  and  bad  the  name  that  was 
given  to  a  kind  of  purse  that  contained  SOOO  grains  of 
cocoa.  A  flag,  divided  by  two  cross  lines,  and  half  co. 
loured,  denoted  10;  and  when  three  quarters  were  co- 
loured, it  denoted  1 5.  Tbe  Mexican  vocabulary  afforded 
names  for  numbers  as  far  as  46  millions,  and  derived, 
according  to  the  strictest  rules  of  analogy,  from  the  de- 
cimal mode  of  reckoning.  The  units,  as  far  as  10,  or  20 
sometimes,  were  marked  by  dots  or  points;  thus,  2S  was 
expressed  by  a  flag- followed  by  3  dots,  &c. 

M.  Humboldt  remarks,  that  several  of  the  names  b; 
which  the  Mexicans  denoted  the  20  days  of  their  month, 
are  those  of  the  signs  of  a  Bodiac,  in  use  from  the  remotest 
antiquity  among  tbe  nations  of  eastern  Asia.  He  com- 
pares Ibe  names  of  tbe  Mexican  symbols  for  the  days, 
with  the  Tartarean,  Japanese,  and  Tibetan  names  of  the 
1'^  signs,  and  also  with  the  names  of  the  lunar  houses  of 
the  Hindus.  In  8  of  the  hieroglyphics  tbe  analogy  is 
very  striking.  Thuf,  Ath,  tbe  name  of  the  first  day,  as 
also  of  water,  is  indicated  by  an  hieroglyphic,  the  pa- 
rallel or  undulating  lines  of  which  remind  us  of  tbe  $igu 
Aquarius.  In  the  Tibetan  zodiac  this  sign  is  marked  by 
a  rat,  which  is  also  used  as  an  emblem  of  water.  Tbe 
rat  is  likewise  an  asterism  in  tbe  Chinese  eodiac.  Seven 
other  of  the  names  or  characters  stand  related  nearly  in 
the  same  manner.    M.  Humboldt  also  justly  considers  it 
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m  remarkable  circamstance,  that  tbe  ape  U  a  character  Curve*  per. lequati ones  tcrminorum  numrro  iiifiiiitas ;  On 

uied  in  the  Mexican  calendar,  at  it  is  in  the  Tibetan  xo-  the   Extraction   of  Cubic   and    other  Itoots  ;    Ancii-tit 

diac,  and  in  the  luaar  hotue*  of  the  Hindus,  though  this  Gaelic  poems  respecting  the  race  of  the  Frians  collrcied 

animal  does  not  exiit  in  the  high  country  of  the  Andes,  in  the  Highlands.     In  vol.  2nd;  An  Enquiry  into  the 

It  appean  that  the  Mexicans  made  astronomical  oh-  different  modes  of  Demonstration  by  which  the  Velocity, 

•ervations  by  means  of  the  gnomon;  and  knew  from  tbem,  of  Spouting  Fluids  has  been  investigated  a  priori.     In  vol. 

that  in  the  first  year  of  [he  cycle,  the  equinoxes  fell  on  3rd ;  The  Origin  and  Theory  of  the  Gothic  Arch.     In 

certain  days  of  the  4th  and  ISth  month.    The  Peruvians  vol.  4th  ;  DemoDSlration  of  Newton's  Theorems  for  the 

and   Consko  regulated  their  intercalation,   aot   by   the  Correctionofipherical  Errors  in  the  Object-glasses  of  Te- 

fhadow  of  the  gtiomons,  which  they  however  very  ani-  lescopes.     In  the  5tfa  and  6tb  volumes,  nothing.     Besides 

duousty*measured,  bu^  by  marks  placed  in  the  horiion,  these,  Dr.  Young  published  the  following  ^teamed  and 

to  denote  where  the  sun  rose  and  set  on  the  days  of  the  ingenious  works:    The  Phenomena  of  Sounds  and  Mu- 

aolstices  and  equinoxes.  sical  Strings,  8vo,  1784:  The  Force  of  Testimony,  &c, 

For  the  Hindu  year,  see  the  Pbilot.  Trans.  Abridg.  vol.  4to :  The  Number  of  Primitive  Colours  in  Solar  Light : 

l6,  pa.  742,  &c,  and    vol.  17,  pa.  SSO,  Sec ;  also  our  On  the  Precession  of  the  Equinoxes :  Principles  «f  Na- 

article  Chkoholooy.  tural  Philosophy,  8vo,  1800,  being  his  last  publicntion, 

YELLOW,  one  of  the  primary  or  original  coloun  of  and  containing  the  substance   of  his  lectures  in  the 

light  collie. 

YESDEGERDIC  Yeak.     See  PtnUm  Ysar.  In  1786,  when  the  professorship  of  philosophy  in  Tri< 

YOUNG  (Matthew)  d.  i>.,  the  very  learned  bishop  ni(y>college  became  vacant,  he  had  attained  so  hi^h  re- 
of  Clonfert  and  Kilmacduach,  was  of  a  respectable  family  putation  in  that  branch  of  science,  that  he  was  elected  to 
in  the  county  of  Roecommon,  was  born  in  1750,  and  .the  office  without  opposition.  His  Essay  on  Sounds  had 
died  Nov.  28,  1800,  at  Whitworth  in  Lancashire,  of  a  been  published  some  years;  and  it  whs  known  he  was  ei^ 
lingering  and  painful  malady,  a  cancer  in  the  tongue,  gaged  in  the  arduous  task  of  illustrating  the  Principia  of 
He  was  admitted  intothe  university  of  Dublin  in  1766,  Newton.  He  now  devoted  himself  to  the  duties  of  bis 
and  elected  fellow  of  the  college  in  1775.  In  the  prose-  professorship  ;  and  the  college  having  been  enriched  with 
cution  of  that  object,  his  attention  was  necessarily  di-  the  excellent  apparatus  of  Mr.  Atwood,  Dr.  Y.  impcoved 
reeled  to  the  Newtonian  philosophy,  of  which  be  early  the  fortunate  occasion  of  carrying  his  lectures  to  a  degree 
became  an  enthusiastic  admirer ;  and  displayed,  at  the  of  perfection  unknown  in  the  university  of  Dublin,  and 
examination  for  his  fellowihip,  an  unexampled  know-  never  perhaps  exceeded  in  any  other.  He  proceeded  in 
ledge  and  comprehension  of  it  It  continued  to  he  his  the  mean  time  in  his  great  work,  "  The  Method  of  Prime 
favourite  study,  but  not  his  only  one.  His  active  mind  and  Ultimate  Ratios,  illustrated  by  a  Commentary  on  the 
embraced  in  rapid  succession  the  most  di sum ilar  objects ;  firat  two  books  of  iho  Principia,"  and  had  nearly  completed 
and  these  he  pursued  with  unceasing  ardour,  amidst  hii  it  in  English,  when  he  was  advised  by  his  friends  to  pub- 
various  duties  as  a  fellow  and  tutor,  and  the  freest  inter-  lish  it  in  Latin.  H«  readily  acquiesced,  and  thus  had  an 
course  with  society,  which  he  was  formed  at  once  to  de-  opportunity,  while  translating  it,  of  revising  the  wholes 
light  and  instruct.  His  love  of  literary  conversation,  and  and  rendering  it  fuller  and  more  perfect.  It  was  finished 
the  advantages  he  experienced  from  it  in  the  pursuit  of  a  year  or  two  before  his  appointment  to  the  te&  of  Clou- 
science,  led  him  early  to  engage  in  forming  a  society  whose  fert.  at  which  lime  he  was  engaged  in  preparing  for  itt 
chief  object  was  the  improvement  ofits  members  in  theo-  publication.  His  attention  was  unavoidably  diverted 
logical  learning.  It  consisted  of  a  small  number  of  his  from  it  by  the  occupations  attending  so  important  a 
most  intimate  college  friends,  and  continued  to  exist  for  a  change  ;  and,  before  he  could  return  to  it,  the  dreadful 
■cries  of  years,  with  equal  reputation  and  advantage.  Out  malady  had  commenced,  under  which  he  languished  for 
of  this  asiociation  grew  another,  somewhat  more  extensive,  15  months,  before  its  fatal  terminalion;  though  in  tba 
Mhoae  labours  were  directed  to  philosophical  researches,  midst  of  his  sufferings  hit  ardour  for  science  was  not 
and  in  the  formation  of  which  Mr.  Young  was  also  ac-  abated. 

tively  engaged :  and  this  itself  became  the  germ  of  the        The  circumstances  of  his  promotion  (o  the  episcopal 

Rdyol  Irish  Academy;  which  owes  its  existence  to  the  beqcli  reflect  equal  honour  on  himself  .and  the  noble 

aeal  and  exertions  of  the  members  of  that  society,  among  person  (lord  Corowallis]  who  conferred  itv     It  was  a  fa- 

whom  Mr. Young  was  particularly  distinguished.     In  the  vouras  unsolicited  as  unexpected,  unless  thereport  made 

intervals  of  his  severer  studies,  he  applied  himself  to  mo-  to  his  Excellency  by  his  principal  secretary,  on  being 

dem  languages;  and  the  result  of  his  labours  may  be  seen  consulted  as  to  the  properest  person  to  fill  the  vacunt  see, 

in  the  Transactions  of  the  R.  I.  A.,  to  which  he  also  may  be  called  solicitation.     His  report  was,  that  "hebe- 

contributed  largely  on  mathematical  and  philosophical  lieved  Dr.  Young  to  be  the  most  distinguished  literary 

■ubjecis.  .  .  character  in  the  kingdom ;"  end  he  was  recommended 

In  thefirst  volume  of  their  Tnnmclions ;  A  Synthetical  accordingly. 
Demonitratioli  of  die  Rule  for  the  Quadrature  of  Simple 
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^AMORANO  (Renico),  a  good  Sp&nish  niatlieinati-  ii{iBtMl  walked  orer  tli«  floor. — Zeno^howerf  great  coo- 

■^  cian,  in  the  l6tK  ceutury,  being  the  roj^al  leciurer  rage  in  suffering  pain;  for  having  joined  with  others  to 

on  that  science,  at  Seville,  whiTe  be  published  an  exceU  endeavour  to  restore  libertjr  to  his  country^whicb  groaned 

lent  compendiuni  of  navigation,  in  Ii85;  being  a  treatiw  under  tbe  oppr«siion  of  a  tyrant,  and  the  e:iteiprise  beii^ 

written  clearly  and  with  brevity,  not  being  encumbered  discovered,  he  supported  with  extraordinary  firmaas  the 

with  such  idle  speculations  as  abound  in  Medina  and  sharpest  tortures.     It  isevNisaid  that  he  had  thecaura§e 

Cortes.     Zamorano,  it  seems,  contributed  much  to  the  to  bite  off  hit  tongue,  and  spit  it  in  the  tyrant's  face,  for 

tvforming  the  sea  cimrts,  tA  we  are  informed  by  his  sue-  fear  of  being  forced,  by  the  violence  of  bis  tartnents,  to 

cessor,    Anares  Garcia  de  Cespedes,    who  faimielf  also  discover  his  accotaplices.      Some  relate    that  he  was 

published  a  treatise  on  navigation  at  Madrid,  in  I606.  pounded  to  death  in  a  mortar. 

ZENITH,  in  Astronomy,  the  vertical  point,  or  point  in  Zeho,  a  celebrated  Greek,  philost^er,  was  bora  at 

the  heavens  directly  overhead.     Or,  the  lenith  ii  a  point  Cittum,  in  the  Isle  of  Cyprus,  and  was  the  founder  of 

in  tbesurfaceofthespbere,fromwhich  aright  linedrawn  the  Stoic^   a  sect  which  had  its  name  ftom  that  of  a 

through  the  place  of  any  spectator,  passes  through  the  portico  at  Athens,  where  this  philosopher  choie  to  hold 

centre  of  the  eanh.     The  scnith  of  at^  place,  is  also  the  his  discourses.     He  was  cast  on  that  coast  by  shipwreck ; 

pole  of  the  borifon,  being  90  degrees  disftant  from  eveiy  and  he  ever  after  re^rded  thisasagreat  happiaess,  praii- 

poiatof  it   And  tbrou^  tbc  leniib  pass  all  the  asimuths,  ing  ihe  winds  for  having  so  happily  driven  him  into  the 

«r  vertical  circlet.  port  of  Pireum.— Zeno  was  the  disciple  of  Crates,  and 

Thepoint  diametrically  oppoute.totheseirith,  is  called  had  a  great  number  of  fotlowen.     He  nude  tb«  suvc* 

the  nadir,  being  the  point  in  tb«  sphere  directly  under  reign  good  to  consist  in  dying  in  conformity  to  nature, 

our  feet :  and  it  h  the  cenilh  to  our  antipodes,  as  our  ze-  guided  by  the  dictates  of  r^t  reason.     He  acknowledged 

nith  i«  their  nadir.  but  one  God ;  and  admitted  an  inevitable  destiay  over  all 

Zekith  Dittance,  is  the  distance  of  the  sun  or  star  events.     His  servant  takingadvantageof  this  la»t  opinioii, 

from  our  zenith  ;  and  is  the  complement  of  the  altitude,  cried,  while  he  was  beating  him  for  dishonesty,  "  1  was 

or  what  it  wants  of  90  degrees.  destined  to  steal ;"  to  which  Zeno  replied,  "  Yes,  and  to 

ZtlNO,  Bleates,  orof  £/eB,  one  of  tbegreetnt  phi-  be  beaten  too."  This  philosopher  used  to  say,  "  That 
.  losopfaers  among  the  ancients  Souri&hed  about  MO  years  if  a  wise  man  ought  not  U>  be  in  lava,  as  some  prulend- 
before  the  Christian  era.  He  was  the  disciple  of  Parme*  ed,  none  would  be  more  nioatable  than  beautiful  and 
nides,  and  even,  according  to  some  writeis,  his  adopted  virtuous  women,  since  they  would  have  none  for  their 
son.  Aristotle  asserts  that  h^  was  the  inventor  of  logic  :  admirers  but  foots."  He  ako  said,  "  That  a  pan  of 
but  his  logic  seems  to  have  been  calculated  and  employed  knowledge  consists  to  being  ignorant  of  such  things  as 
to  perplex  rather  than  to  illustrate  and  decide  any  thing;  ought  not  tn  be  known:  that  a  &iend  is  another  self: 
for  Zeno  employed  it  only  to  dispute  against  all  comers,  tbat  a  little  matter  ^vea  perfecUoa  to  a  work,  though 
and  to  silence  his  opponents,  whether  they  argaed  right  perfection  is  qot  a  little  matter."  H«  compared  those 
or  wrong.  Among  many  other  subtleties  and  embarrassing  who  spoke  well  and  lived  ill,  to  the  money  of  Alexandria, 
arguments,  he  proposed  some  with  regard  to  motion,  de-  which  was  beautiful,  but  composed  of  bad  metal. — It 
nying  that  there  was  any  such  thing  in  nature  ;  and  Ari-  is  said  that  being  hurt  by  a  bll,  he  took  that  as  a  sign  he 
stotlc,  in  the  €th  book  of  his  physics,  has  preserved  some  was  then  to  quit  this  life,  mad  laid  videat  baads  on  him- 
of  Ibcra,  which  are  extremely  subtile,  especially  the  fii-  self,  about  2^4  years  before  Christ, 
nous  argument  named  Achilles;  which  was  to  prove  Cleanibes,Crysippns,' and  the  other  successors  of  Zeno 
this  proposition ;  tbat  lbs  swiftest  animal  could  never  over-  maintainad,  that  with  virtue  we  might  be  hsppy  in  the 
lake  the  slowest,  as  a  greyhound  a  tortoise,  if  the  latter  midst  even  of  disgrace  aad  the  most  dreadful  torukcnts. 
set  out  a  tittle  before  the  former :  for  suppose  the  tortoise  They  admitted  the  existence  of  but  one  God,  the  soul  of 
to  be  ICO  yards  before  the  dog,  and  that  this  runs  100  the  world,  which  they  considered  as  his  body,  and  both 
times  as  fast  as  the  other ;  then  while  the  dog  runs  the  together  formii^  a  perfect  being.  It  is  remarked  that, 
first  100  yards,  the  tortoise  runs  I,  and  istherefotc  I  yanl  of  all  the  sects  of  the  ancient  philosophers,  this  was  one 
before  the  dog;  again,  while  the  dog  runs  over  this  yard,  ef  those  which  produced  the  greatest  men.  We  ought 
the  tortoise  will  run  the  100th  part  of  a  yard,  and  will  not  to  confound  the  two  Zaios  above  mentioned,  with 
be  so  much  before  the  dog ;  and  again,  while  the  dog  Zgvo,  a  celebrated  £picurean  philosopher,  bom  at  Si- 
runs  over  this  100th  part  of  a  yard,  the  tortoise  will  have  don,  who  had  Cicero  and  Pomponius  Aiticus  for  his  dis- 
got  the  100th  part  of  chat  lOOth  part  before  him;  and  so  dpies,  and  who  wrote  a  book  against  the  nathonaiics, 
on  continually,  says  be,  the  dog  will  always  be  some  which,  as  well  us  thfit  of  Possidonius's  refutation  of  it,  is 
small  part  bi^hind  the  tortoise.  Uut  the  fallacy  will  soon  lost:  nor  yet  with  several  other  Zenos  mentioned  in 
bedetccted.fayconsideriogwherethe  tortoise  will  be  when  history. 

the  dog  has  run  over  200  yards ;  for  as  the  former  can  ZENSUS,  or  Zekzus,  in  Arithmetic  and  Algebra,  a 

have  run  only  two  yards  io  the  i>amc  lime,  and  therefore  name  used  by  some  of  the  older  authors,  especially  in 

must  then  be  98  yards  behind  the  dog,  he  coiflcquently  Germany,  for  a  square  number,  or  the  2d  power:  being 

must  have  overtaken  and  passed  the  tortoise.     It  has  been  a  corruption  from  the  Italic  cenM,  of  Pacioli,  Tartalea, 

snid  that,  to  prove  to  him,  or  some  disciple  of  bis,  that  &c,  or  the  Latin  cemm,  which  signified  the  same  thing, 

there  is  such  a  thing  as  motion,  Diogenes  the  Cynic  rose  ZET£TIC£,  oc  Zstxtic  MeAod,  in  Mathematics,  was 

DigiLzecDyV^OUyit; 


ZOD  I    Bn    1  ZON 

the  nethod  made  ute  of  to  investigate,  or  find  out  the  the  sun'i  atrnoipbere  sometimes  reurhei  at  fiir  at  the 

■olulion  ur  a  problem ;  and  was  much  tbe  lame  thing  as  earth's  orbit,  and    there  meeting  with  our  atmosphere, 

analj-licii,  or  the  analytic  method.     Vieia  has  an  ingeni-  produces  the  appearance  of  an  aurora  borealii.      The 

ous  «ork  of  this  lund  in  5  hixilu ;    Zt:teti«orun  libri  length  of  tbe  wdiacal  light  varies  sometimes  in  reality  ; 

quinque.  aud  somelimea  in  appearance  only,  from  various  causes. 

ZOCCO,  ZoccoLO,  Z4>c|.z,  or  Soclz,  in  Architecture,  Cassini  often  mentions  the  great  resemblance  between 
a  square  budy,  less  in  height  than  in  breadth,  placed  un-  the  Eodiacat  light  and  tbe  tails  of  comets.  The  same  ob- 
der  the  ba^x  of  pe4Mtali>,  statues,  mites, &c.  See  Soclz  servatioB  has  b«en  made  hy  Fatio:  and  Euler  endeavour- 
and  Plihth.  ed  to  prove  that  they  were  owing  to  similar  causes.     Sec 

ZODIAC,  in  Astronomy,  an  imaginaiy  ring  or  brtMd  D^couverle  de  la  Lumi^re  Celeste  que  parent  dans  1« 

circle,  in  the  heaiens,  in  form  uf  a  belt  or  ginlle,  with-  Zodiaque,  art.  41.     Lettre  h  M.  Cassini,  priated  at  Am- 

in  which  tbe  planets  all  make  tbeir  excnruons.    In  the  stenlam  in  1686,     Euler,  in  Mam.  de  I'Acad.  de  fierlin. 

very  middle  of  it  runs  the  ecliptic,  or  path  of  the  sun  in  tom.  2. 

his  annual  course;  and  its  breadth,  comprehending  the        This  light  seems  to  have  no  other  motion  than  that  of 

deviations  or  latitudes  of  the  planets,  it  by  some  authors  the  sun  itself:  and  its  extent  from  the  sun  to  its  point,  is 

accounted  l6°,  some  18,  and  othci^  SO  il^rees.  seldom  less  than  50  or  60  degrees  in  leogih,  and  more 

The  zodiac,  cutting  the  equator  obliquely,  makes  with  than  30  degrees  in  breadth :  but  it  has  been  known  to 

it  the  same  angle  as  the  ecliptic,  which  is  its  middle  line,  extend  to  100  or  103*,  and  from  S  to  <)°  broad, 
which  angle,  continually  varying,  is  now  nearly  equal  to        It  it  now  generally  acknowledged,  that  tbe  electric  fluid 

33°  37'  46" ;  which  is  called  ihe  obliquity  of  the  zodiac  is  the  cause  of  ihe  aurora  borealis,  ascribed  by  Mairan  to 

or  ecliptic,  and  is  also  the  sun's  greatest  dcciitiation.  the  solar  almoipbere,  which  produces  the  zcxiiacal  light. 

The  Eodiac  is  divided  into  12  equal  parts,  of  30  degrees  and  which  is  thrownoff  chiefly  and  to  the  greatest  distance 

each,  called  Ihe  signs  of  the  zodiac,  being  so  named  from  from  the  equatorial  parts  of  the  sun,  by  means  of  the  ro- 

the  constellations  which  anciently  passed  through  ihem,  tation  on  his  axis,  attd  e.\lending  visibly  as  far  as  the  orbit 

But,  tbe  slan  having  an  apparent  motion  from  west. to  east,  of  the  earth,  wb««  it  falb  into  tbe  upper  regions  of  onr 

arising  from  the  precession  of  the  equinoxes,  those  con-  atmosphere,  and  is  collected  chiefly  towards  the  polar 

stellatioDs  do  not  now  correspond  to  their  proper,  signs,  parts  of  the  earth,  in  consequence  of  the  diurnal  revolu- 

And  therefore,  when  a  star  is  said  to  be  in  such  a  sign  tion,  where  it  forms  the  aurora  borealis.     And  hence  it 

of  the  zodiac,  it  is  not  to  be  understood  of  that  constel-  bus  been  suggested,  as  a  probable  conjecture,  that  tbe  sun 

lalion,  but  only  of  that  dodecatcmory  or  12th  part  of  it.  may  be  the  fountain  of  the  electrical  fluid,  and  that  the 

The  zodiac  appears  to  be  very  ancient,  and  to  have  zodiacal  light,  and  tbe  tails  of  comets,  as  well  as  the  an- 

passed  from  tbe  ancient  Hindus,  successively  westward,  rora  borealis,  the  lightning,  and  arliflcial  electricity,  ara 

through  Persia,  Arabia,  Assyria,  E^ypl,  Sic-,  to  Europe;  its  various  and  not  very  dissimilar  modifications, 
as  specimens  of  tbe  same  kind  of  zodiac  have  been  found        ZONE,  in  Geography  and  Astronomy,  a  division  of 

in  all  those  countries,  with  only  some  small  variation  in  the  earth's  surface,  by*meaos  of  parallel  circles,  chiefly 

tbe  figures  of  tome  of  the  constellations ;  accompanied  with  respect  to  the  degree  of  heat  in  the  different  parts  of 

abo  with  appropriate  emblematical  figures  of  the  sun  and  that  surface, 
moon,  with  those  of  the  planets,  in  their  order.  The  ancient  astronomers  used  tbe  term  Zone,  to  explain 

Cassini  has  also  observed  a  tract  in  the  heavens,  with-  the  diflerent  appearances  of  the  sun  and  oilier  heavenly 

inwhosc  bounds  most  of  the  comets,  though  not  all  of  bodies,  with  the  length  of  the  days  and  nights  ;  and  the 

them,  are  observed  to  keep,  and  which  he  therefore  calls  geographers,  as  they  used  the  climates,  to  mark  the  situa- 

the  Zodiac  of  the  comets.     This  he  makes  as  broad  as  tion  of  places ;  using  the  term  climate  when  tliey  were 

the  other  zodiac,  and  marks  it  with  signs  or  cocjstel  la  lions,  able  10  be  more  exact,  and  the  term  zone  whrn  lesa  so. 
like  that ;    aa  Antinous,  Pegasus,  Andromeda,  Taurus,        The  zones  were  commonly  accounted  five  in  number ; 

Orion,  the  Lesser  Do^  Hydra,  the  Centaur,  Scorpion,  one  a  broad  bell  round  the  middle  of  the  enrlh,  having 

and  Sagittary.  the  equator  in  the  very  middle  of  it,  and  bounded,  towards 

ZODIACAL  Light,  a  brightness  sometimes  observed  the  north  and  south,  by  parallel  circles' passing  through 

in  the  zodiac,  resembling  that  of  the  galaxy  or  milky  way,  the  tropics  of  Cancer  and  Capricorn.     This  they  called 

It  appears  at  certain  seasons,  viz,   towards  the  end  of  the  torrid  zone,  which  they  supposed  not  habitable,  on 

winter  aud  in  spring,  after  sunset,  or  before  his  rising,  in  account  of  its  extreme  heat.     Though  siimetimes  they  di- 

autumn  and  beginning  of  winter,  resembling  tbe  form  of  vided  this  into  two  equal  torrid  zones,  by  the  equator, 

a  pyramid,  lying  lengthwise  with  its  axis  along  the  zodiac,  one  to  tbe  norih,  and  the  other  south  ;  and  then  the  whole 

its  base  being  placed  obliquely  with  respect  to  the  hori-  number  of  zones  was  accounted  6. 

zon.     This  phenomenon  was  first  described  and  named        Next,  from  the  tropics  of  Cancer  and  Capricorn  to  tbe 

by  tbe«lder  Caisioi,  in  l683.     It  was  afterwards  observed  two  polar  circles,  were  two  other  spaces  celled  lemperale 

by  Fatio,  in  1684,  l6S5,  and  1686;  also  by  Kirch  and  zones,  as  being  moderately  warm  ;  and  these  they  sup- 

Eimmart,  iu  168S,  I689,   I69I,  I693,  and   1694.     See  posed  to  be  tbe  only  habitable  paits  of  the  eanih. 
Mairan,  Suite  des  Mem.  de  I'Acad.  Royale  dcs  Sciences        Lastly,   the  two  spaces  beyond  the  temperate  zones, 

I73l>  pa.  3.  about  either  pole,  bounded  within  the  polar  circles,  and 

The  zodiacal  light,  according  to  Mairan,  is  the  solar  having  the  poles  in  the  middle  of  them,  arc  the  two  frigid 

atmosphere,  a  rare  and  subtile  fluid,  either  luminous  by  or  frozen  zones,  and  which  tbey  supposed  not  babitable, 

itself,  or  made  so  by  the  rays  of  the  sun  surrounding  its  on  account  of  the  extreme  cold  there, 
globe;  but  in  a  greater  quantity,  and  more  extensively,        Hcncc^  the  breadth  of  tbe  torrid  zone  is  equal  to  twice 

about  his  equator,  than  any  other  part.     Mairan  observes  the  greatest  declination  of  the  sun,  or  obliquity  of  the 

alio  that  it  may  be  proved  from  ntsny  obeervadons,  that  ecliptic,  equal  to  46°  Sff,  or  twice  23°  28'.    Each  frigid 
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zone  ii  also  of  tlic  tame  breadtti,  the  distance  from  the  under   tlia   etiualor,  the  artificial  dayt  are  of  unaqoal 

pole  to  the  pokr  circle  being  equal  to  the  tame  obliquity  lengths,  and  (he  inequality  it  the  greater,  a*  the  place  ii 

23°  SB'.    And  the  breadth  of  each  tfimperate  sone  ia  equal  farther  fnim  the  equatur.    The  inhabitant*  of  the  tempe- 

to  43°  4',  the  complement  of  twice  the  same  obliquity,  rate  conet  are  called  heterosciani,  becauM  their  noon-day 

See  theie  lonea  exhibited  in  plata  40,  fig.  l6.  shadow  is  cast  the  same  way  all  the  year  round,  vis,  those 

The  diftrence  of  lonet  ii  attended  with  a  great  divenity  in  the  north  zone  toward  the  north  pole,  and  thooe  in  the 

of  phenomena.     1.  In  the  torrid  zone,  the  tun  patsei  south  zone  toward  the  south  pole. 

through  the  zenith  of  every  place  in  it  twice  a  year ;         3.  Within  the  frigi4  sones,  the  inhabitants  have  their 

making  as  it  were  two  turamen  in  the  year  ;  and  the  in-  artificial  days  and  nightt  extended  to  a  great  length  ;  the 

habitants  ofthis  zone  are  called  amphiscians,  because  they  sun  lometiinet  skirting  round  a  little  abore  the  horisonfor 

have  their  nooo-day  thadowt  projected  different  ways  in  many  days  together :  and  at  another  teason  never  rising 

different  time*  of  the  year,  northward  at  one  season,  and  above  the  borixoo  at  all,  but  making  continual  night  for 

■oudiward  at  the  other.  a  considerable  time.     The  inhabitants  of  these  lonet  are 

2.  In  the  temperate  and  fri^d  tone*,  the  tun  ri*ea  and  called  periscians,  because  toraetinie*  they  have  their  sha* 

•ett  every  natural  day  of  S4  houn.    Yet  every  where,  but  dows  going  quite  ronnd  tbsm  in  the  space  of  34  hovra. 
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